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Background: Atherosclerosis is a chronic disease, with smoking being an independent risk factor. Irisin,
a factor produced by myocytes, is expected to treat smoking-related arteriosclerosis, however its specific
mechanism remains unclear.

Methods: Forty Apoe-/- mice with nicotine intervention were involved in this study. The atherosclerotic
lesions, smooth muscle cell proliferation, and macrophage infiltration induced by nicotine, and the
corresponding changes caused by the administration of irisin, were obtained. The integrin aVp5 inhibitor,
cilengitide, was included to determine the cell entry pathway of irisin. Proteins and mRNA levels of
phosphatidylinositol 3-kinase (PI3K) and downstreams were detected to clarify the specific molecular
mechanism of irisin activity.

Results: H&E staining and Masson staining showed that nicotine could aggravate the intensity of
atherosclerosis in mice, and Irisin could reverse the thickening of the vascular media induced by nicotine.
Immunohistochemical staining of CD68 and a-SMA suggested that Irisin could inhibit nicotine-mediated
macrophage infiltration and smooth muscle cell proliferation. The protective effect of Irisin was partially
reduced after the administration of cilengitide, confirming that Irisin enters cells through multiple ways,
including integrin ovf5. Nicotine was confirmed to activate the PI3K pathway to promote media thickening,
while Irisin can inhibit the activation of the PI3K pathway, thus playing its anti-atherosclerosis role. Irisin
was further observed to reverse nicotine-mediated P27 down-regulation.

Conclusions: Irisin was found to inhibit nicotine-mediated medium thickening, smooth muscle cell
proliferation, macrophage infiltration, and atherosclerosis progression via the integrin aVB5/PI3K/P27

pathway.
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Introduction

Atherosclerosis is a persistent and chronic vascular disease,
which could lead to cardio-cerebrovascular diseases,
which are the leading causes of disability and mortality
worldwide (1). In 2015, approximately 422.7 million
people were affected by cardio-cerebrovascular diseases
globally, resulting in 17.9 million deaths (which accounts
for 31% of global deaths) (2). Atherosclerosis involves a
complex pathological mechanism characterized by the
dysregulation of vessel structures. This process involves
local inflammation, endothelial disorder, vascular smooth
muscle cell proliferation, and angiostenosis.

Smoking has been identified as an independent risk
factor for atherosclerotic disease. Nicotine in tobacco is an
important component involved in vascular diseases; it binds
to nicotinic acetylcholine receptors (nAChRs), which causes
conformational changes in these receptors. This in turn
regulates Na*, K*, and Ca”™ ion flow to activate inflammatory
pathways and promote the secretion of inflammatory
factors, ultimately leading to atherosclerosis (3).
Nicotine can damage the normal function of the
vascular endothelium and lead to excessive production of
endogenous reactive oxygen species (ROS) in vitro (4).
In addition, nicotine can also increase the apoptosis and
morphological abnormality of vascular endothelial cells,
or directly act on the nicotine receptors of smooth muscle
cells, thereby inducing the proliferation and migration of
smooth muscle cells (5).

In 2012, Bostrom et al. discovered a new molecule
secreted by myocytes, termed irisin, which is a membrane
protein fragment of fibronectin type III domain protein
5 (FNDCS5) (6) and appears in the form of a homodimer,
forming a P sheet in between (7). Irisin was found to have
the ability to decrease the number of early and late apoptotic
macrophages stimulated by lipopolysaccharides and suppress
the mitogen-activated protein kinase (MAPK) pathway,
which causes decreased phosphorylation of Nuclear Factor
Kappa B (NF-«B), extracellular signal-regulated kinase
(ERK), and c-Jun N-terminal kinases (JNK). This leads to
reduced production of pro-inflammatory cytokines, such
as Interleukin-1p (IL-1pB), IL-6, tumor necrosis factor-a
(TNF-a) and Monocyte chemoattractant protein-1
(MCP-1) (8), confirming the protective role of irisin in the
development of chronic inflammation-related diseases.

Irisin has also been found to bind to integrin alfpl
and aVpS5 in adipocytes and osteocytes (9). Integrin avB5
inhibitory peptides with Arg-Gly-Asp (RGD) motif could
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abolish the signal response and function induced by
irisin (9). Irisin has been widely used in cardiovascular
disease treatment research in recent years. It has been
found to have a protective effect on endothelial cells and
could reduce blood pressure in spontaneously hypertensive
rat models via the adenosine 5‘-monophosphate activated
protein kinase (AMPK)/protein kinase B (AKT)/
endothelial nitric oxide synthase (eNOS)/nitric oxide
(NO) pathway (10). Li e al. reported that the activation
of farnesoid X receptor (FXR) could induce FNDC5
mRNA expression in human hepatocytes and increased
the circulating level in Rhesus macaques. Meanwhile, the
administration of Irisin on Apoe-/- mice showed improved
hyperlipidemia and alleviated atherosclerosis as compared
with Apoe-/- mice (11). Accordingly, FNDC5/Irisin is
considered as a direct transcriptional target of FXR, and
may be a novel therapeutic strategy for dyslipidemia and
atherosclerosis. Several studies have mentioned that irisin
inhibits neointima formation, endothelial injury and
inflammation in Apoe-/- mice model (12), Irisin reduced
oxidized low density lipoprotein (oxLDL)-mediated
endothelial cell apoptosis, inflammatory cytokines and
intracellular ROS levels, and up-regulated p-AKT/
mechanistic target of rapamycin (mTOR)/NF-E2-
related factor 2 (Nrf2). In addition, mTOR/Nrf2 shRNA
and LY294002 both ameliorate the protective effect of
irisin, suggesting that irisin alleviates oxLDL-induced
vascular injury through activation of Akt/mTOR/Nrf2
pathway (13). Irisin was also included in other chronic
disease researches, such as diabetes and obesity. It was
reported to play a beneficial role by inducing white
adipose tissue browning through p38 and ERK signaling
pathway, which is related to weight loss and improvement
of glucose homeostasis (14). Irisin could also act on
adipose tissue, muscle, liver, and pancreas, and play roles
in glucose homeostasis through synergistic action with
other hormones (15). FNDC5/Irisin plays a key role
in reducing adipose tissue inflammation and M1 type
macrophage polarization through AMPK (16), while
FNDCS5 deficiency reduced insulin sensitivity in obese
mice (17). These demonstrated that Irisin is associated
with major chronic diseases and may act as a potential
therapy.

In this study, we constructed nicotine-intervened Apoe-/-
mice model to explore the protective effect of irisin on
nicotine-mediated atherosclerosis and its molecular
mechanism.

We present the following article in accordance with the
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org/10.21037/atm-21-2072).

Methods
Experimental animals

All animal experiments were conducted according to the
guidelines of the National Health and Family Planning
Commission of the People’s Republic of China and
approved by the Animal Ethics Committee of Peking Union
Medical College Hospital, Chinese Academy of Medical
Sciences (approval number JS-2335).

In order to elucidate the molecular mechanism of irisin
ameliorating nicotine-induced atherosclerosis, 40 6-week-
old male Apoe-/- C57BL/6] mice (The Charles River
Laboratories, USA) were randomly divided into five groups:
(I) Control group: n=8; (II) Nicotine group: nicotine
(No. 36733, Sigma Aldrich, China) was administrated in
drinking water with 100 pg/mL for 8 weeks, n=8; (III) Irisin
group: irisin (No. 11451, Cayman, USA) administrations
were applied at 2 pg in 100 pL normal saline per mouse,
intravenously (i.v.), and were conducted twice a week
from week 5, n=8; (IV) Nicotine + Irisin group: nicotine
and irisin were applied as mentioned above, n=8; and (5)
Nicotine + Irisin + Cilengitide group: 4 pg/g cilengitide
(HY-16141, MedChemExpress, China) in 100 pL. normal
saline, intraperitoneally (i.p.), was approved every other
day from week 5, in addition to nicotine and irisin, n=8. All
of the Apoe-/- mice were fed in a standard SPF chamber at
room temperature of 20-26 °C, 5 mice/cage, humidity range
of 40-70%, 12 h light/dark cycle, free access to food and
water, normal diet for 6 weeks and received a high-fat diet
from the start of administration for atherosclerosis animal
model building. The groups without nicotine intervention
were given saline in the same manner. The weight of all
mice was measured weekly after the start of the experiment.

Atherosclerotic lesion assay

Eight weeks after the initiation of the study, the mice were
euthanized for further analysis. Normal saline was then used
to perfuse through the left ventricle in situ. Excess adipose
tissue around the aorta was removed from the root of the
aorta to the bilateral iliac arteries. The root of the aorta and
the initial segment of the abdominal aorta were separated
and fixed overnight with 4% paraformaldehyde. Fixed
arterial roots were cut into 4-pm-thick sections. Masson’s
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trichrome staining kit (No. G1006, Servicebio, China) and
hematoxylin and eosin (HE) staining were used to evaluate
the size of atherosclerotic lesions, as well as the content of
collagen and muscle fibers in the lesions. Medium thickness
was evaluated by CaseViewer (Ver. 2.4, 3SDHISTECH,
Hungary).

Immmunobistochemical staining

Immunohistochemical staining of the initial segment of the
abdominal aorta was conducted to detect the expression
levels of a-smooth muscle actin (a-SMA, 1:300, ab5694,
Abcam, China) and macrophage (CD68, 1:3,000, ab955,
Abcam, China). The cross-sectional atherosclerotic area and
the positive staining area were quantified by ImageProPlus
(Ver. 6.0, Media Cybernetics, USA).

Enzyme-linked immunosorbent assay (ELISA)

The plasma of the mice was obtained before the end of
the experiment. The plasma concentrations of nicotine
metabolites and cotinine (zc-38437, ZCIBIO Technology,
China) were determined by ELISA kits according to the
manufacturer’s instructions.

Western blot

Aortic proteins were lysed and extracted using RIPA buffer
(89900, Thermo Scientific, USA) containing a protease
and phosphatase inhibitor cocktail (78443, Thermo
Scientific, USA). Proteins were separated by SDS-PAGE
and transferred to PVDF membranes. The primary
antibodies used for immunoblotting were PI3K (1:10,000,
YM3408, Immunoway, China), AKT (1:4,000, 4691,
CST, USA), p-AKT-T308 (1:1,000, 13038, CST, USA),
p-AKT-S473 (1:1,000, 4060, CST, USA), P21 (1:1,000,
YM3453, Immunoway, China), P27 (1:1,000, 3686, CST,
USA), and B-Actin (1:5,000, YM3028, Immunoway,
China). The immunoreactive bands were displayed using
an electrochemiluminescence (ECL) kit (DW101-01,
TransGen Biotech, China) and analyzed by Image] software
(ver. 1.44, National Institutes of Health, USA).

Quantitative RT-PCR

TRIzol total RNA extraction reagent (15596-018,
Invitrogen, USA) was used for sample RNA extraction.
RevertAid First Strand ¢cDNA Synthesis Kit (K1622,
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Table 1 Body weights of mice at baseline and at the end of the
experiment

Body weight (g)

Group

Week 0 Week 8
Control 23.6+1.9 30.2+4.1
Nicotine 23.8+1.5 30.8+7.1
Irisin 22.4+1.6 30.1+5.2
Nicotine + Irisin 23.8+1.6 30.5+4.6
Nicotine + Irisin + Cilengitide 23.9+1.0 31.3+5.1

Note: n=8.

Thermo, USA) and PrimeScript™ RT Master Mix
(RRO36A, TaKaRa, Japan) were used for cDNA synthesis
and real-time amplification. All experimental operations
were performed according to the manufacturer’s
instructions.

Primer sequence for target genes were as follow:
PTEN-F: 5'-ATCCTTCCAAGCAAAGCATC-3",
PTEN-R: 5'-CTGAGACATCAAGCCCGTTC -3
AKT3-F: 5'-AAGGCAGAAGTAGAACCGAG-3",
AKT3-R: 5'-ATGGAGACAAGAGGTCAAGG-3';
CDKNI1A-F: 5'-AAGCAGTCACAGCCTAGAAC-3",
CDKNIA-R: 5'-AGATCACCAGATTAACCCTC -3
CDKNI1B-F: 5'-AAATGTTTCAGACGGTTCCC-3",
CDKNIB-R: 5'-ATGCTTTTAGAGGCAGATGG-3";
ACTB-F: 5'-CGTTGACATCCGTAAAGACCTC-3'", and
ACTB-R: 5'-ACAGAGTACTTGCGCTCAGGAG-3'.
All data was applied with 27"
normalized to the expression level of ACTB. All values were
presented as fold changes to the control group.

method to analyze and

Statistical analysis

GraphPad Prism (ver. 7.0, GraphPad, USA) was used to
analyze the data. All results were presented as the mean =
Standard Deviation (SD). Comparisons between two groups
were analyzed using the two-tailed Student’s ¢-test, and
comparisons between three or more groups were analyzed
using one-way ANOVA. Statistical significance was defined
as “P<0.05, **P<0.01, **P<0.001, and ****P<0.0001.

Results
Nicotine increases atherosclerotic lesion size and content

Forty Apoe-/- mice were randomly divided into five groups,
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including a Control group, Nicotine group, Irisin group,
Nicotine + Irisin group, and Nicotine + Irisin + Cilengitide
group. No significant changes in body weight were
observed among the five groups (7able I). The 14-week-
old Apoe-/- mice fed with a high-fat diet and drinking
water with nicotine showed increased atherosclerosis
and medium thickness of the aortic root and ascending
aorta (mean 43.06 vs. 68.51 pm; P<0.0001, Figure 1A4,B)
compared with 14-week-old Apoe-/- mice fed with a high-
fat diet and drinking water without nicotine. Compared
with the Control group, nicotine intervention also increased
macrophage infiltration (CD68 positive area 1.159% us.
2.997%; P=0.0005, Figure 14,C) and the number of smooth
muscle cells (0-SMA positive area 6.045% vs. 3.497%;
P=0.0035 , Figure 14,D) in the aortic root and ascending
aorta of the mice. The nicotine intervention model was
successfully constructed, which was consistent with the level
of plasma cotinine (Figure 1E).

Irisin could reverse nicotine-induced atherosclerosis

After 8-weeks of nicotine exposure and 4-weeks of irisin
exposure, the Nicotine + Irisin group was observed (using
Masson’s staining and HE staining) to reverse nicotine-
induced atherosclerosis and reduce nicotine-mediated
medium thickening (mean 48.49 vs. 68.51 pm; P<0.0001,
Figure 14,B) in the aortic root and ascending aorta. Irisin
was also observed to ameliorate the nicotine-induced
infiltration of macrophages (CD68 positive area 1.633%
vs. 2.997%; P=0.0108, Figure 14,C) and the increasing
number of smooth muscle cells (a-SMA positive area
4.182% vs. 6.045%; P=0.0464, Figure 14,D). Among all of
the stains, we observed no significant differences in medium
thickness, macrophage infiltration, and smooth muscle cell
proliferation between the Control, Irisin, and Nicotine +
Irisin groups (Figure 14,B,C,D).

Irisin enters cells and plays a role through integrin alVp5s
receptors

After 8-weeks of nicotine exposure and 4-weeks of
simultaneous irisin and cilengitide exposure, the Nicotine
+ Irisin + Cilengitide group was observed to reverse the
effect of irisin on nicotine-induced medium thickening
(mean 56.41 vs. 48.49 ym; P =0.0201, Figure 1A4,B),
macrophage infiltration (CD68 positive area 2.994% vs.
1.633%; P=0.0112, Figure 1A4,C), and smooth muscle cell
proliferation (a-SMA positive area 6.148% wvs. 4.182%;
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Figure 1 Nicotine increases aortic atherosclerosis lesion size in Apoe-/- mice. (A) Lesion area in murine aortic roots from the Control,
Nicotine, Irisin, Nicotine + Irisin, and Nicotine + Irisin + Cilengitide groups were determined by Masson staining, HE staining, and
immunohistochemical staining for CD68 and a-SMA. (B) Medium thickness was measured based on Masson staining and was presented
as mean thickness = SD. (C) CD68 is a marker for macrophages. Quantification of positive CD68 staining area indicates macrophage
infiltration. (D) 0-SMA is a marker for smooth muscle cells. Quantification of positive a-SMA staining area indicates smooth muscle cell
proliferation. (E) The quantification of plasma cotinine level was used to demonstrate the establishment of the nicotine intervention animal
model. *P<0.05, **P<0.01, **P<0.001, and ****P<0.0001 by one-way ANOVA and student’s z-test. Data are mean + SD; ns, no significance,

scale bar =50 pm in amplified view, 100 pm in whole section view, n=8.
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P=0.0323, Figure 14,D) in the aortic root and ascending
aorta, compared with the Nicotine + Irisin group. However,
no significant difference in macrophage infiltration (CD68
positive area 2.994% vs. 2.997%; P>0.05, Figure 1A4,C)
and smooth muscle cell proliferation (a-SMA positive area
6.148% vs. 6.045%; P>0.05, Figure 1A4,D) was observed
between the Nicotine + Irisin + Cilengitide and Nicotine
groups. Yet, the Nicotine + Irisin + Cilengitide group
was still observed to inhibit nicotine-induced medium
thickening (mean 56.41 vs. 68.51 pm; P=0.0124, Figure
14,B), suggesting that irisin has multiple pathways into
the cell, such as endocytosis, to reverse nicotine-induced
medium thickening. The administration of integrin aVB5
inhibitor cilengitide was found to antagonize the effect of
irisin in ameliorating macrophage infiltration and smooth
muscle cell proliferation.

Irisin reverses nicotine-mediated PI3K pathway activation
in atherosclerotic aortic tissue

According to previous human umbilical vein endothelial
cells (HUVECs) RNA-sequencing results (data not shown),
we found that the irisin-related integrin-PI3K pathway
was activated after the administration of nicotine, while
irisin could reverse nicotine-induced PI3K activation. In
order to explore the molecular mechanism of irisin on
nicotine-mediated medium thickening, we used the aortas
of the five groups of Apoe-/- mice to study the expression
of PI3K, AKT, p21, and p27. Western blot results showed
that the band intensities of PI3K, AKT, p-AKT (T308),
p-AKT (§473), and P21 were significantly stronger in
the Nicotine group compared to the Control group
(Figure 2A4,B,C,D,E,F), while P27 was significantly weaker
in the Nicotine group compared to the Control group
(Figure 24,G). Moreover, the expression level of PI3K in
the Nicotine + Irisin group was lower than that of Nicotine
group, suggesting that irisin could inhibit nicotine-mediated
PI3K activation. Compared with the Nicotine group, the
expression levels of AKT, p-AKT (T308), and p-AKT
(5473) in the Nicotine + Irisin group were up-regulated,
suggesting that irisin activated AK'T. The expression of
P21 in the Irisin group was up-regulated compared to the
Nicotine group, and there was no significant difference in
P21 between the Nicotine + Irisin and Nicotine groups,
suggesting that irisin intervention alone could promote the
expression of P21 and nicotine could antagonize it. The
level of P27 in the Nicotine + Irisin group was higher than
that in the Nicotine group, but there was no significant
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difference between the Irisin and Control groups, which is
consistent with the results of PI3K, suggesting that irisin
could reverse nicotine-mediated P27 down-regulation.

The protein expression of AKT was consistent with the
RT-PCR results (Figure 34). Compared with the Nicotine
group, the expression of CDKNI1A (P21, Figure 3B)
in the Nicotine + Irisin group was up-regulated, while the
protein level of P21 in the Nicotine + Irisin group was
not significantly different. Also, there was no significant
difference in CDKNI1B (P27, Figure 3C) between the
Nicotine and Control groups; however, compared with
the Nicotine + Irisin group, irisin decreased the expression
level of CDKNI1B. It is worth noting that compared with
the Nicotine group, the Nicotine + Irisin group exhibited
further activated expression of phosphatase and tensin
homolog (PTEN) (Figure 3D), suggesting that Irisin may
activate PTEN to inhibit PI3K function.

Irisin inbibits aortic atherosclerosis through integrin aVp5
receptors

As a specific inhibitor of the integrin aVB5 receptor,
cilengitide was used to explore whether irisin enters the
cell through integrin aVB5 receptors and thus plays a
further role. Western blot results showed that the protein
levels of PI3K in the Nicotine + Irisin + Cilengitide group
were reversed compared to the Nicotine + Irisin group
(Figure 44,B). The Administration of cilengitide has
no significant effect on the expression levels of AKT,
compared with the Nicotine + Irisin group (Figure 4C).
The expression of p-AKT (T308) was extremely prohibited
after the administration of cilengitide, while it had no
significant influence on the expression of p-AK'T (S§473)
(Figure 4D,E). The expression levels of P21 in Nicotine +
Irisin + Cilengitide group exhibited significantly increased
compared to the Nicotine + Irisin group (Figure 4F), which
was contrary to the effect of cilengitide on P27 (Figure
4G). This further confirmed that irisin enters cells through
integrin aVB5 receptor and activates the expression of P27
by inhibiting the expression of PI3K.

However, different from the results of the Western Blot,
the RT-PCR results indicated that the administration of
cilengitide reversed nicotine-induced AK'T3 up-regulation
(Figure 34), as the nicotine-induced AKT3 up-regulation
was consistent with the results of the Western Blot. The
mRNA levels of both CDKN1A and CDKNI1B in the
Nicotine + Irisin + Cilengitide group were also reversed
compared to the Nicotine + Irisin group (Figure 3B,C). The
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Figure 2 Irisin reverses the nicotine-mediated PI3K pathway activation in aortic atherosclerotic lesions of Apoe-/- mice. (A) Immunoblotting
bands of PI3K, AKT, p-AKT (T308), p-AKT (S473), P21, and P27 from the Control, Nicotine, Irisin, and Nicotine + Irisin groups were
presented. B-actin was used as housekeeping control. (B,C,D,E,E,G) Quantification of PI3K, AKT, p-AKT (T308), p-AKT (5473), P21, and
P27 protein levels among the four groups. All results were normalized to the expression level of B-actin and presented as the fold change of
the Control group. *P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001 by one-way ANOVA. Data are mean = SD; ns, no significance, n=8.
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Figure 3 Effect of nicotine, irisin, and cilengitide on the expression levels of AKT3, CDKNI1A, CDKN1B, and PTEN in the aortas of Apoe-
/- mice. (A-D) The mRNA levels of AKT3, CDKNI1A (P21), CDKNI1B (P27), and PTEN in the Control, Nicotine, Irisin, Nicotine + Irisin,
and Nicotine + Irisin + Cilengitide groups were determined by quantitative RT-PCR. All results were normalized to the expression level of
ACTB and presented as the fold change of the Control group. *P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001 by one-way ANOVA and

student’s 7-test. Data are mean = SD; ns, no significance, n=8.
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Figure 4 Irisin inhibits the nicotine-mediated PI3K pathway activation in aortic atherosclerotic lesions of Apoe-/- mice via integrin aVp5.
(A) Immunoblotting bands of PI3K, AKT, p-AKT (T308), p-AKT (S§473), P21, and P27 from the Control, Nicotine, Nicotine + Irisin, and
Nicotine + Irisin + Cilengitide groups were presented. B-actin was used as housekeeping control. (B,C,D,E,F,G) Quantification of PI3K,
AKT, p-AKT (T308), p-AKT (S473), P21, and P27 protein level among the four groups. All results were normalized to the expression level
of B-actin and presented as the fold change of the Control group. *P<0.05, **P<0.01, **P<0.001, and ****P<0.0001 by one-way ANOVA.

Data are mean = SD; ns, no significance, n=8.

administration of cilengitide reversed the level of PTEN
(Figure 3D), suggesting that irisin may activate PTEN
through the integrin aVB5 receptor, thus inhibiting PI3K
and promoting the up-regulation of P27 to inhibit vascular
smooth muscle proliferation and macrophage infiltration.
Intima-media thickening and foam cell formation are
thereby inhibited in order to further inhibit atherosclerosis.

Discussion

Irisin is a recently discovered myokine, and is considered
to be a promising drug for cardiovascular disease treatment
by improving vascular function. However, little is known
about the role of irisin in the progression of atherosclerosis.
Previous studies have demonstrated that irisin promotes
the proliferation of HUVECs through the ERK signaling
pathway and protects HUVECs from apoptosis by
regulating the expression of Bcl-2, Bax, and Caspase (18,19),
thereby maintaining the dynamic balance of endothelial
cells and promoting angiogenesis (15,20). It has been
further confirmed that irisin could significantly reduce the
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aortic atherosclerotic lesion area in Apoe-/- mice fed on a
high-cholesterol diet (19) and suppressed the neointimal
hyperplasia of the carotid artery on a carotid partial
ligation model of Apoe-/- mice fed with a high-fat diet by
upregulating the expression of microRNA126-5p through
the ERK signaling pathway (20). However, there is no study
elucidating the protective mechanism of irisin in smoking/
nicotine-related atherosclerosis.

In this study, nicotine was confirmed to promote arterial
medium thickening, macrophage infiltration, and smooth
muscle cell proliferation, which can be reversed by irisin
in Apoe-/- mice. At the same time, the administration of
cilengitide, an integrin aVB5 inhibitor, to abolish a certain
part of the irisin effect confirmed that irisin plays a role
in arterial walls through integrin aVB5, which provides
further evidence for the molecular mechanism of irisin as
a treatment candidate for atherosclerosis. Furthermore,
this study confirmed that irisin inhibits the activation of
nicotine-mediated PI3K and promotes the expression of
cyclin-dependent protein kinase inhibitors such as P27,
thus inhibiting medium thickening and atherosclerotic
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progression. Meanwhile, the expression level of p-AKT
(T308) was down-regulated by cilengitide, while the
expression level of p-AKT (S473) was not affected by
the administration of cilengitide. Considering that the
phosphorylation of AKT (S473) is associated with the full
activation of AKT function, the expression level of p-AKT
(S473) is similar to total AKT. The changing trend of
protein and mRNA levels of P27 was consistent with the
changing trend of PI3K expression, but not in accordance
with the trend of AKT activation, suggesting that irisin
may inhibit nicotine-mediated medium thickening and
atherosclerosis via the integrin aVB5/PI3K/P27 pathway,
bypassing AK'T.

As an inhibitor of PI3K, PTEN was included in this
study to explain how irisin inhibits the activation of PI3K.
An increased mRNA level of PTEN was observed in the
Nicotine + Irisin group compared with Nicotine group,
and the administration of cilengitide down-regulated the
expression of PTEN, suggesting that irisin may inhibit
smooth muscle cell proliferation, macrophage infiltration,
and atherosclerosis progression through the integrin aVB5/
PTEN/PI3K/P27 pathway.

The key limitation of this study is that the explored
downstream only included cell cycle- and proliferation-
related pathways such as PI3K/AKT/P21/P27, which can
only explain the mechanism of irisin reversing nicotine-
mediated smooth muscle cell proliferation, and does not
further elaborate on the molecular mechanism of irisin
against nicotine-mediated macrophage infiltration.

In conclusion, we confirmed that irisin ameliorates
nicotine-mediated medium thickening, smooth muscle cell
proliferation, macrophage infiltration, and atherosclerosis
progression via the integrin aVB5 receptor to inhibit PI3K
and activate P27 in Apoe-/- mice. PTEN is a potential target
for the inhibitory effect of irisin on PI3K. These findings
provide further evidence of the mechanism of irisin for the
treatment of atherosclerosis.
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