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ABSTRACT This experiment investigated the biological roles of Omentin-1 in cerebral vessels of acute cerebral
ischemia (ACI). The expressions of Omentin-1 in mouse model or patients with ACI were down-regulated. Moreover,
Omentin-1 was negatively correlated with NIHSS score or serum IL-1β expression in patients undergoing intravenous
thrombolysis for ACI. Omentin-1 was positively correlated with Barthel index in patients undergoing intravenous thrombolysis
for ACI. In the mouse model or the in-vitro model, Omentin-1 mitigated inflammation factors. Additionally, in the in-vitro
model of ACI, overexpression of Omentin-1 induced AMPK/ NLRP3 signaling pathway. Down-regulation of Omentin-1
also inhibited AMPK/ NLRP3 signaling pathway. Taken together, Omentin-1 suppressed ACI in the ACI model through
inhibiting inflammation, which might serve as a potential treatment strategies of cardiovascular and cerebrovascular
diseases in ACI.
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INTRODUCTION

At present, stroke has gradually become the
primary cause of human death and disability in
China and the world, in which ischemic stroke
accounts for a large proportion (Carpio et al.
2021). Studies have shown that ischemic stroke
accounts for 77.8 percent of the stroke incidence
population in China, and its risk is about twice
that of hemorrhagic stroke (Ferro et al. 2021;
Kopeva et al. 2021).

In recent years, the incidence rate of cere-
brovascular disease has gradually increased, and
it has become one of the major diseases endan-
gering human health (Miller et al. 2021). About
75 percent of the surviving patients with cere-
brovascular diseases are accompanied by dys-
function, which brings great pain to the patients
(Marchel et al. 2021). There are many manifesta-
tions of cerebral ischemia, such as focal and dif-
fuse cerebral ischemia, permanent and acute ce-
rebral ischemia and so on (Marchel et al. 2021).
Among them, the sequelae of cognitive impair-

ment, dementia and even vegetative state caused
by neuronal injury caused by insufficient cere-
bral blood perfusion in patients with acute cere-
bral ischemia seriously affect the living stan-
dards of patients (Sun et al. 2018b). Therefore,
whether it can promote neurogenesis and add
new neurons to better restore the brain function
of these patients has always been the focus of
neurological research (Sun et al. 2018b).

Cerebral infarction is a disorder of blood sup-
ply in local brain tissue, which leads to ischemic
and hypoxic necrosis of brain tissue (Nuñez et
al. 2021). Cerebral infarction is a central nervous
system disease that seriously affects human life
and quality of life (Nevulis et al. 2018; Steven et
al. 2019). Because of its high incidence rate, dis-
ability and mortality, it has brought a heavy eco-
nomic and social burden to our country (Nevu-
lis et al. 2018; Steven et al. 2019). Inflammatory
response is an important mechanism for the oc-
currence and development of pathological pro-
cess of ischemic brain injury (Haybar et al. 2019;
Rane et al. 2020). NLRP3 inflammasome promotes
the release of IL-1β and IL-18, and induce cell
death (Zhang et al. 2021b). It plays an important
role in exacerbating the inflammatory response
of ischemic brain injury after cerebral infarction.
Studying the relevant mechanism of regulating
NLRP3 inflammasome can provide one new ten-
dency for the prevention and treatment of cere-
bral infarction (Sun et al. 2018b; Pu et al. 2022).
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Most cerebrovascular diseases are associ-
ated with ischemia and hypoxia (Sun et al. 2018a).
On the one hand, the oxygen consumption of
brain tissue accounts for about 20 percent of
the total body (Wang et al. 2019). On  the  other 
side, brain tissue is poorly tolerant to hypoxia.
Short-term hypoxia can cause neuronal death
(Pineda-Ramírez et al. 2020). Hypoxic stress acti-
vates the AMPK pathway. In addition to energy
metabolism, activated AMPK is also involved in
cell transcriptional regulation and division cy-
cle, thereby inhibiting cell proliferation (Jiang et
al. 2018; Pu et al. 2020).

In recent years, Omentin-1 is a newly dis-
covered fat factor (Li et al. 2020; Liu et al. 2020).
Most of the current research reports are based
on the specific expression of adipokines in omen-
tal tissue or adipocytes, focusing on revealing
the possible specific role of adipokines them-
selves. The decrease of Omentin-1 is related to
the development and occurrence of varieties of
clinical diseases (cardiovascular disease, obesi-
ty, diabetes, tumor, polycystic ovary syndrome
and sleep apnea) (Askin et al. 2020; Li et al. 2020;
Liu et al. 2020). The level of omentin-1 is signif-
icantly reduced in blood patients with acute coro-
nary syndrome and acute myocardial infarction
(Askin et al. 2020; Chai et al. 2020).

Objective of the Study

This paper investigated the biological roles of
Omentin-1 in cerebral vessels of cerebral ischemia.

MATERIAL  AND  METHODS

Experimental Clinical Medicine

This study of the experimental clinical medi-
cine was approved by the Ethics Committee of
The PLA Naval Anqing Hospital. The serum sam-
ples of 12 patients with ACI and 12 normal vol-
unteer were collected from The PLA Naval An-
qing Hospital. All subjects signed written in-
formed consent.

Animal Experiments and 2,3,5
Triphenyltetrazolium Chloride (TTC) Analysis

Male C57BL/6 mice were housed at 22 ± 2.0
°C and 50 percents ±5% humidity with a 12-h:12-

h light/dark cycle and fed food and water ad
libitum. All animal procedures were approved by
the Ethics Committee of The PLA Naval Anqing
Hospital. Mice were induced MCAO as literature
(Sui 2019).

The randomized animal division results in 2
groups in total, MCAO-induced mice group
(Model, n = 8), sham control group (sham, n = 6).
Next, the randomized animal division results in 2
groups in total, MCAO-induced mice group
(Model, n = 8), Omentin-1 group (sham, n = 7), mice
were administered with Omentin-1 recombinant
protein (100 ng/mice) for 24 h.

Brain tissues were extracted after sacrifice,
and then olfactory bulb, cerebellum and brain
stem were removed. Brain tissues was cut into
coronal slices, and slices were put into 2 percents
TTC phosphate buffer solution (Sigma-Aldrich,
St. Louis, MO, USA) for 20 min at 370C.

Cell Culture

The murine BV2 microglial cells were cultured
in RPMI 1640 medium (Invitrogen, Carlsbad, CA,
USA) supplemented with 10 percent foetal bo-
vine serum (FBS, Gibco BRL, Grand Island, NY,
USA) at 37°C and 5 percent CO2. Plasmids or si-
mimics were transfected into BV2 using Lipo-
fectamine 2000. After 48 h of transfection, cells
were induced with 0.1 mg/ml LPS for 4 h, and then
induced with 2 mM of ATP for 0.5 h.

Quantitative PCR

Total RNA was extracted from serum, brain
tissues or cell samples according to instructions
of the RNA extraction kit (Invitrogen Life Tech-
nologies, Carlsbad, CA, USA). Quantitative PCR
were performed using Light Cycler® 480 SYBR
Mix (Roche, Germany) using LightCycler® 480
real time PCR system.

Western Blot Analysis

Total protein lysates from brain tissue (100
mg) or cell samples were solubilized in SDS-
PAGE sample buffer using Radio-Immunopre-
cipitation Assay (RIPA) and PMSF reagent, sep-
arated on a 10 percent SDS-polyacrylamide gel,
and transferred electrophoretically onto polyvi-
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nylidenedifluoride (PVDF) membranes. The
membranes were blocked with non-fat-milk (5%)
for 2 h at room temperature and incubated with
anti- p-AMPK, anti-AMPK, anti-Omentin-1, anti-
NLRP3 and anti-β-actin antibody at 4°C. The mem-
branes were incubated with horseradish peroxide-
coupled sheep anti-mouse secondary antibody at
room temperature for 2 h. The bound antibodies
were detected using enhanced chemiluminescence
(ECL) with β-actin used as a control.

ELISA Kits

Serum and cell samples were collected and
used to measure these inflammatory factors (IL-
1β, IL-6, IL-10, INF-γ and TNF-α) according to
the instructions of the ELISA kit (Beyotime Institute
of Biotechnology, China).

Immunofluorescence

Cells were fixed with 4% paraformaldehyde
and then permeabilized with 0.1% Triton X-100
in PBS. Cells were blocked with 5 percent BSA
for 30 min at 37°C and treated with primary anti-
bodies at 4°C overnight: anti- p-AMPK and anti-
Omentin-1. Cells were incubated with Cy3-con-
jugated goat anti-rabbit (1:200) or goat anti-
mouse IgG (1:200) DyLight 488 conjugated sec-
ondary antibodies for 2 h at 37°C. Cells were
stained with DAPI and viewed by fluorescent
confocal microscopy (Nikon, Tokyo, Japan).

Statistical Analysis

P<0.05 was considered statistically signifi-
cant using SPSS 22.0 software (SPSS, Chicago,
IL, USA). All data are presented as mean ± SEM.
ANOVA followed by Tukey’s post hoc analysis
was used for comparisons between multiple
groups or Student’s t test (two groups).

RESULTS

Omentin-1 Expression Levels in Patients with
ACI

This work first examined cerebral vessels in
patients with ACI by MRI, MRV and CTA assays.

First, MRI, MRV and CTA assays were con-
ducted to examine cerebral vessels in patients

with ACI (Fig. 1A). According to the results of
this study, the serum Omentin-1 mRNA expres-
sion was down-regulated in patients with ACI
(1.131±0.496 vs 0.363±0.246, all P<0.05, Fig. 1B).
In patients receiving intravenous thrombolysis
for ACI, the serum Omentin-1 mRNA expression
was negatively correlated with NIHSS score or
serum IL-1β level (all P<0.05, Fig. 1C-1D). How-
ever, the serum Omentin-1 mRNA expression was
positively correlated with Barthel index in pa-
tients undergoing intravenous thrombolysis for
ACI (all P<0.05, Fig. 1E). Further, the diagnostic
value of Omentin-1 level was assessed by plot-
ting the receiver operating characteristic (ROC)
curve (AUC = 0.9861, P<0.05, Fig. 1F). As a result,
compared with sham group, mice with ACI showed
lower expression levels of Omentin-1 mRNA and
protein in brain tissue (1.083±0.413 vs 0.373±0.168,
0.940±0.044 vs 0.333±0.064, P<0.05, Fig. 1G-1H).
In general, Omentin-1 was lowly expressed in ACI
and correlated with disease progression.

Omentin-1 Reduced Inflammation
In the In-Vitro Model

This work further explored the potential func-
tion of Omentin-1 in inflammation. In the in-vitro
model, Omentin-1 mRNA expression was in-
duced by Omentin-1 plasmid and suppressed
by si-omentin-1 mimics (1.107±0.500 vs 10.073±
3.848, 1.142±0.601 vs 0.645±0.254 vs 0.389±0.207
vs 0.203±0.082, P<0.05, Fig. 2A).  Overexpres-
sion of omentin-1 did not regulate IL-1β levels
in LPS-induced BV2 cells, but it reduced IL-1β
levels in LPS+ATP-induced BV2 cells (75±24.49 vs
73.333±33.99 vs 95±36.28590176 vs 103.33±15.45
vs 586.67±61.28 vs 285±59.30, P<0.05, Fig. 2B).
Meanwhile, si-omentin-1 did not regulate IL-1β
levels in LPS-induced BV2 cells. In LPS+ATP-
induced BV2 cells, down-regulation of omentin-
1 promoted IL-1β levels (95±10.8 vs 105±8.16 vs
100±14.72 vs 98.33±28.67441756 vs 526.67±76.63 vs
1143.33±140.79, all P<0.05, Fig. 2B). Conversely, over-
expression of omentin-1 reduced the levels of IL-6,
IL-10, INF-γ and TNF-α in LPS+ATP-induced BV2
cells (100±12.27 vs 33.5±12.57, 545±57.15 vs
81.67±28.67, 266.67±45.89 vs 120±26.77, 201±40.10 vs
73±17.20,  Fig. 2C-2F). Furthermore, down-regulation
of omentin-1 promoted the levels of IL-6, IL-10, INF-
γ and TNF-α in LPS+ATP-induced BV2 cells
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(110±23.95 vs 233±39.20, 515±22.73 vs 1190±114.96,
365±83.37 vs 863.33±147.44, 200±25.14 vs 606±
32.03, Fig. 2G-2J). On the whole, these data sug-
gest that Omentin-1 reduces inflammation in vitro, while
knockdown of circCUL3 promotes inflammation in
vitro.

Omentin-1 Presented ACI in Mouse Model

Thereafter, this study determined the effects
of Omentin-1 on ACI in the mouse model. It was
found that Omentin-1 virus reduced cerebral in-
farction, infarction scope (3.11±0.40 vs 1.93±0.31,
P<0.05) and neurological impairment scores
(35.54±5.86 vs 9.85±1.41, P<0.05), and inhibited the
levels of  IL-6, IL-10, INF-γ  and TNF-α (123.5±18.99
vs 22±8.15, 356.67±168.64 vs 81.67±10.27,
151.67±33.25 68.33±31.18, 191±23.79 vs 50±11.05,
all P <0.05, Fig. 3).

Moreover, microarray experiments were per-
formed to explore the mechanism of Omentin-1
in regulating gene expression levels in the ACI
model (Fig. 4A). According to the results of sig-
naling pathway, Volcano map and KEGG terms,
AMPK and NLRP3 might be the important tar-
gets for Foxp1 in the inflammation of ACI (Fig.
4B-4D). The results of this study indicate that
Omentin-1 virus reduced the serum IL-1β levels
in mice with ACI (713.33±140.55 vs 173.33±38.59,
P<0.05, Fig.4E). In LPS+ATP-induced BV2 cells,
further experiments suggested that overexpres-
sion of Omentin-1 suppressed the NLRP3 mRNA
expression, while down-regulation of Omentin-
1 had an opposite effect (1.068±0.369 vs
1.600±0.585 vs 1.607±0.318 vs 1.172±0.559 vs
11.173±3.113 vs 5.169±1.010, 1.086±0.455 vs
0.976±0.454 vs 0.714±0.339 vs 1.251±1.088 vs
6.929±3.827 vs 37.889±8.265, all P<0.05, Fig. 4F-4G).
Furthermore, it was discovered that Omentin-1 vi-
rus suppressed the expression of NLRP3
(1.382±0.353 vs 0.382±0.109, P<0.05) protein and in-
duced that of p-AMPK protein in mice with ACI
(1.187±0.179 vs 2.143±0.141, P<0.05, Fig. 4G-4H). In
general, the above data suggest that Omentin-1
presents ACI in the mouse model.

Omentin-1 Suppressed NLRP3 Inflammasome
Via AMPK

Subsequently, this work verified the mecha-
nism of Omentin-1 in acute inflammation in the

ACI model. NLRP3 mRNA expression was sup-
pressed in the in-vitro model of ACI in Omentin-
1 overexpression group (1.036±0.270 vs 0.740±
0.482 vs 0.363±0.127 vs 0.251±0.005, P<0.05, Fig.
5A), but was induced in the si-Omentin-1 group
(1.252±0.651 vs 2.196±1.680 vs 5.148±1.765 vs
11.188±3.028, P<0.05, Fig. 5B). As demonstrated
by immunofluorescence analysis, Omentin-1 in-
duced the expression of Omentin-1 and p-AMPK
in the in-vitro model (Fig. 5C). To be more specific,
Omentin-1 induced the expression of Omentin-1
and p-AMPK proteins, and suppressed that of
NLRP3 protein in the in-vitro model (1.210±0.209
vs 3.753±0.551, 1.143±0.102 vs 2.679±0.332,
0.937±0.045 vs 0.304±0.149, all P<0.05, Fig. 5D-5F).
By contrast, down-regulation of Omentin-1 sup-
pressed the expression of Omentin-1 and p-AMPK
proteins, and induced that of NLRP3 protein in the
in-vitro model (1.067±0.054 vs 0.417±0.101, 1.243±
0.202 vs 0.283±0.126, 1.053±0.133 vs 2.724±0.364, all
P<0.05, Fig. 5G-5I). In conclusion, these new disco-
veries show that Omentin-1 targets AMPK/NLRP3 in
the ACI model.

AMPK Affected the Effects of Omentin-1 On the
In-Vitro Model

Next, this work investigated whether the AMPK-
NLRP3 regulatory axis affected the roles of Omen-
tin-1 in acute inflammation of ACI.

To this end, the AMPK agonist Buformin (7 mmol/
kg) was applied to reduce the serum levels of IL-1β
(70±15.41 vs 865±92.13 vs 522.5±65.48 vs 202.5±24.49
vs 660±132.90, P<0.05) and NLRP3 mRNA expres-
sion (1.049±0.29 vs 60.128±0.060, P<0.05). In com-
parison, the AMPK inhibitor Dorsomorphin di-
hydrochloride (10 mg/kg) raised the serum IL-1β
levels and the NLRP3 mRNA expression
(1.045±0.282 vs 7.578±2.811, P<0.05) in mice with
ACI by Omentin-1 (Fig. 6A-6C). In mice with ACI,
the AMPK agonist Buformin (7 mmol/kg) sup-
pressed the expression of NLRP3 protein
(1.181±0.136 vs 0.446±0.085, P<0.05), and induced
that of p-AMPK protein (1.073±0.116 vs 2.930±
0.202, P<0.05) in mice with ACI by Omentin-1 (Fig.
6D-6E). Furthermore, AMPK inhibitor inhibited
the expression of p-AMPK protein (0.928±0.092
vs 0.288±0.046, P<0.05) and promoted that of
NLRP3 protein (1.212±0.297 vs 2.599±0.345,
P<0.05) in mice with ACI by Omentin-1 (Fig. 6F-
6G). In conclusion, these findings imply that
Omentin-1 suppresses inflammation by NLRP3
through regulating AMPK activity.
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Fig. 4. Omentin-1 suppressed NLRP3 inflammasome by AMPK function
Serum IL-1βββββ levels (A) in mice with ACI,
NLRP3 mRNA expression levels (B and C) in vitro model,
NLRP3 (D) and p-AMPK (E) protein expression in mice with ACI,
Model, mice model of ACI; Model+ Omentin-1, mice model of ACI with Omentin-1
**p<0.01 compared with mice model of ACI group
**p<0.01 compared with control negative group or si-negative group
Source: Author
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other important treatment strategy after thrombolytic
therapy.

For the modern population, common CVDs
include cerebrovascular disease, coronary heart
disease, and pulmonary heart disease (Sinning
et al. 2021). CVD has become the first or second
leading cause of death in most countries of the
world, which poses a serious threat to human
life (Wang et al. 2021). It has become the first
and second cause of death in most countries in
the world (Sprenger et al. 2021).

In this analysis, omentin-1 mRNA expression
levels of patients with ACI were reduced
(1.131±0.496 vs 0.363±0.246). Omentin-1 mRAN
and protein expression were reduced in mice with
acute cerebral infarction (1.083±0.413 vs
0.373±0.168, 0.940±0.044 vs 0.333±0.064). Omen-
tin-1 reduced cerebral infarction, infarction scope
(3.11±0.40 vs 1.93±0.31, P<0.05) and neurologi-
cal impairment scores (35.54±5.86 vs 9.85±1.41,
P<0.05), and inhibited IL-6, IL-10, INF-γ and TNF-
α levels (123.5±18.99 vs 22±8.15, 356.67±168.64
vs 81.67±10.27, 151.67±33.25 68.33±31.18, 191±
23.79 vs 50±11.05).

Xu et al. displayed that the serum levels of
omentin-1 was attenuated in patients with is-
chemic stroke (Xu et al. 2020). The researchers
suggest that omentin-1 may precisely control
cerebrovascular diseases in acute cerebral inf-
arction.

Inflammatory response plays a double-
edged sword role in the pathological process of
ACI. The persistent inflammatory response en-
hances the secondary injury of neurons after
ischemic stroke. On the other hand, it plays a
potential role in nerve repair. Therefore, regulat-
ing the inflammatory response in the brain after
ischemic stroke is considered to be one of the ef-
fective strategies for the treatment of the disease.
Many kinds of cells in the brain participate in the
occurrence and development of neuroinflamma-
tion after cerebral ischemia. Among them, micro-
glia, as the primary immune cells in the brain, play
a very important role in resisting brain injury.

When inflammatory substances enter the
brain parenchyma via  BBB, microglia that accu-
mulate around damaged blood vessels are over-
activated and then phagocytose the damaged
vascular endothelial cells, thereby further de-
stroying BBB (Carrizales-Sepúlveda et al. 2018;
Hansen 2018). Inflammatory mediators released

by microglia, such as IL-1β, IL-6 and TNF-α,
further aggravate local ROS-induced oxidative
stress (Golia et al. 2014).

Omentin-1 plasmid increased Omentin-1 mRNA
expression levels, and si-omentin-1 mimics reduced
Omentin-1 mRNA expression levels in vitro model
(1.107±0.500 vs 10.073±3.848, 1.142±0.601 vs 0.645±
0.254 vs 0.389±0.207 vs 0.203±0.082). In LPS-in-
duced BV2 cells, omentin-1 not regulated IL-1β
levels, however, omentin-1 reduced IL-1β levels in
LPS+ATP-induced BV2 cells (75±24.49 vs
73.333±33.99 vs 95±36.28590176 vs 103.33±15.45
vs 586.67±61.28 vs 285±59.30). In LPS-induced BV2
cells, si-omentin-1 not regulated IL-1γb levels, and
omentin-1 promoted IL-1β levels in LPS+ATP-in-
duced BV2 cells (95±10.8 vs 105±8.16 vs 100±14.72
vs 98.33±28.67441756 vs 526.67± 76.63 vs 1143.33±
140.79). Over-expression of omentin-1 reduced IL-
6, IL-10, INF-γ and TNF-α levels in LPS+ATP-in-
duced BV2 cells (100±12.27 vs 33.5±12.57, 545±57.15
vs 81.67±28.67, 266.67±45.89 vs 120±26.77, 201±40.10
vs 73±17.20). Down-regulation of omentin-1 pro-
moted IL-6, IL-10, INF-γ  and TNF-α levels in LPS+
ATP-induced BV2 cells (110±23.95 vs 233±39.20,
515±22.73 vs 1190±114.96, 365±83.37 vs 863.33±
147.44, 200±25.14 vs 606±32.03).

Additionally, Rao et al. suggest that omen-
tin-1 prevented inflammatory bone diseases (Rao
et al. 2018). Therefore, the researchers speculate
that Omentin-1 also suppressed inflammation to
prevent cardiovascular and cerebrovascular dis-
eases in acute cerebral infarction.

Existing reports show that NLRP3 inflamma-
some plays an important role in the patho-
physiological development of ACI in various or-
gans and is the main component mediating inflam-
matory response (Nevulis et al. 2018; Nuñez et al.
2021). NLRP3, as the core component of NLRP3
inflammasome, is the key regulatory protein in
NLRP3 inflammasome promoting inflammatory re-
sponse (Zhang et al. 2021a). At rest, the content of
NLRP3 protein in tissue cells is very low, and most
of them are in a stable state of ubiquitination inac-
tivity. When NLRP3 increases sharply, it can effec-
tively activate inflammasome (Nevulis et al. 2018;
Nuñez et al. 2021).

Next, these results of this experiment indicated
that over-expression of Omentin-1 induced Omen-
tin-1 and p-AMPK protein expression levels, and
suppressed NLRP3 protein expression level in vit-
ro model (1.210±0.209 vs 3.753±0.551, 1.143±0.102
vs 2.679±0.332, 0.937±0.045 vs 0.304± 0.149).
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Zhou et al. suggested that omentin-1 re-
strains TXNIP/NLRP3 signaling pathway to re-
duce adipose tissue inflammation (Zhou et al.
2020). This may, in part, NLRP3 is one anti-in-
flammatory target for Omentin-1 on the preven-
tion of cardiovascular and cerebrovascular dis-
eases in acute cerebral infarction.

AMPK induces the activation of NLRP3 in-
flammatory complex by reducing intracellular K+
concentrations and mediating mitochondrial dam-
age to promote the release of ROS-producing
cytoplasm (Zhang et al. 2020). Antioxidants with

the potential to induce AMPK activation can in-
hibit the activation of NLRP3 complex. Endoge-
nous antioxidant biosynthesis regulated by
AMPK may be a protective target for inhibiting
aging mitochondrial ROS (Dong et al. 2020).

The researchers used AMPK agonist (7 mmol/
kg of Buformin) to reduce the serum IL-1β levels
(70±15.41 vs 865±92.13 vs 522.5±65.48 vs 202.5±
24.49 vs 660±132.90) and NLRP3 mRNA expres-
sion levels (1.049±0.29 vs 60.128±0.060, P<0.05),
AMPK inhibitor (10 mg/kg of Dorsomorphin di-
hydrochloride) increased the serum IL-1β levels

Fig. 6. AMPK affected the effects of Omentin-1 in vitro model
Serum IL-1β β β β β levels (A), NLRP3 mRNA expression (B and C), p-AMPK and NLRP3 protein expression in brain
tissue by Omentin-1 and AMPK agonist (D and E), p-AMPK and NLRP3 protein expression in brain tissue by
Omentin-1 and AMPK inhibitor (F and G)
Omentin-1, mice model of ACI with Omentin-1; AMPK, AMPK agonist; AMPK i, AMPK inhibitor
**p<0.01 compared with mice model of ACI with Omentin-1group
Source: Author
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and NLRP3 mRNA expression levels
(1.045±0.282 vs 7.578±2.811) in mice with ACI by
Omentin-1. In mice with ACI, AMPK agonist
(7 mmol/kg of Buformin) suppressed NLRP3 pro-
tein expression (1.181±0.136 vs 0.446±0.085), and
induced p-AMPK protein expression (1.073±
0.116 vs 2.930±0.202) in mice with acute cerebral
infarction by Omentin-1 (Fig. 6D-6E). AMPK in-
hibitor suppressed p-AMPK protein expression
(0.928±0.092 vs 0.288±0.046) and induced NLRP3
protein expression (1.212±0.297 vs 2.599±0.345,
P<0.05) in mice with acute cerebral infarction by
Omentin-1.

The researchers also observed that AMPK
affected the effects of Omentin-1 in vitro model.
Liu et al. indicated that omentin-1 induced
AMPK/PPARδ pathway to reduce vascular en-
dothelial dysfunction by high glucose (Liu et al.
2020). Thus, it is possible that the effects of
Omentin-1/ AMPK axis may be the prevention
of cardiovascular and cerebrovascular diseases
in acute cerebral infarction.

CONCLUSION

Omentin-1 mRNA expression levels in patients
or mice model of ACI were reduced. The mRNA of
Omentin-1 was negative correlation with NIHSS
score or serum IL-1β levels in patients with intra-
venous thrombolysis of ACI. The mRNA of Omen-
tin-1 was positive correlation with Barthel index in
patients with intravenous thrombolysis of ACI.
Omentin-1 induced AMPK/ NLRP3 signaling pathway
in model of ACI.

RECOMMENDATIONS

Therefore, the researchers speculate that
Omentin-1 may be clinical significance for car-
diovascular and cerebrovascular diseases, a
potential treatment strategies of cardiovascular
and cerebrovascular diseases in acute cerebral
infarction.

REFERENCES

Askin L, Duman H, Ozyildiz A et al. 2020. Association
between Omentin-1 and Coronary Artery Disease:
Pathogenesis and clinical research. Curr Cardiol Rev,
16: 198-201.

Carpio EM, Ashworth M, Asgari E et al. 2021. Hyperten-
sion and cardiovascular risk factor management in
a multi-ethnic cohort of adults with CKD: A cross-

sectional study in general practice. J Nephrol, 35(3):
901–910.

Carrizales-Sepúlveda EF, Ordaz-Farías A, Vera-Pineda R
et al. 2018. Periodontal disease, systemic inflamma-
tion and the risk of cardiovascular disease. Heart Lung
Circ, 27: 1327-1334.

Chai B, Zheng ZH, Liao X et al. 2020. The protective role
of omentin-1 in IL-1β-induced chondrocyte senescence.
Artificial Cells, Nanomedicine, and Biotechnology, 48(1):
8-14.https://doi.org/10.1080/21691401.2019.1699
803

Dong Z, Zhuang Q, Ye X et al. 2020. Adiponectin inhibits
NLRP3 inflammasome activation in nonalcoholic ste-
atohepatitis via AMPK-JNK/ErK1/2-NFêB/ROS sig-
naling pathways. Front Med (Lausanne), 7: 546445.

Ferro EG, Abrahams-Gessel S, Jardim TV et al. 2021.
Echocardiographic and electrocardiographic abnormali-
ties among elderly adults with cardiovascular disease in
rural South Africa. Circ Cardiovasc Qual Outcomes, 14:
e007847.

Golia E, Limongelli G, Natale F et al. 2014. Inflammation
and cardiovascular disease: From pathogenesis to ther-
apeutic target. Curr Atheroscler Rep, 16: 435.

Hansen PR 2018. Chronic inflammatory diseases and
atherosclerotic cardiovascular disease: Innocent by-
standers or partners in crime? Curr Pharm Des, 24:
281-290.

Haybar H, Shokuhian M, Bagheri M et al. 2019. Involve-
ment of circulating inflammatory factors in prognosis
and risk of cardiovascular disease. J Mol Cell Cardiol,
132: 110-119.

Jiang S, Li T, Ji T et al. 2018. AMPK: Potential therapeu-
tic target for ischemic stroke. Theranostics, 8: 4535-
4451.

Kopeva KV, Grakova EV, Shilov SN et al. 2021. Anthracy-
cline-induced cardiotoxicity in women without cardio-
vascular diseases: molecular and genetic predictors. Acta
Cardiol, 1-10. Advance online publication. https://doi.org/
10.1080/00015385.2021.2003061

Li Z, Zhang Y, Tian F et al. 2020. Omentin-1 promotes
mitochondrial biogenesis via PGC1α-AMPK pathway
in chondrocytes. Arch Physiol Biochem,1-7.

Liu F, Fang S, Liu X et al. 2020. Omentin-1 protects against
high glucose-induced endothelial dysfunction via the
AMPK/PPARσ signaling pathway. Biochem Pharma-
col, 174: 113830.

Marchel M, Madej-Pilarczyk A, Steckiewicz R et al. 2021.
Predictors of mortality and cardiovascular outcomes
in Emery-Dreifuss muscular dystrophy in a long-term
follow-up. Kardiologia Polska, 79(12): 1335-1342.
https://doi.org/10.33963/KP.a2021.0159

Miller RG, Orchard TJ,  Costacou T  2022. 30-year cardiovascular
disease in Type 1 Diabetes: Risk and risk factors differ by long-
term patterns of glycemic control. Diabetes Care, 45(1):
142-150. https://doi.org/10.2337/dc21-1381

Nevulis MG, Baker C, Lebovics E et al. 2018. Overview
of link between inflammatory bowel disease and car-
diovascular disease. Cardiol Rev, 26: 287-293.

Nuñez P, García Mateo S, Quera R et al. 2021. Inflamma-
tory bowel disease and the risk of cardiovascular dis-
eases. Gastroenterol Hepatol, 44: 236-242.

Pineda-Ramírez N, Alquisiras-Burgos I, Ortiz-Plata A et
al. 2020. Resveratrol activates neuronal autophagy



OMENTIN-1 MAY BE CLINICAL SIGNIFICANCE FOR CARDIOVASCULAR 197

Int J Hum Genet, 22(3): 185-197 (2022)

through AMPK in the Ischemic Brain. Mol Neurobiol,
57: 1055-1069.

Rane MA, Gitin A, Fiedler B et al. 2020. Risks of cardio-
vascular disease and beyond in prescription of nonste-
roidal anti-inflammatory drugs. J Cardiovasc Phar-
macol Ther, 25: 3-6.

Rao SS, Hu Y, Xie PL et al. 2018. Omentin-1 prevents
inflammation-induced osteoporosis by downregulat-
ing the pro-inflammatory cytokines. Bone Research,
6: 9. https://doi.org/10.1038/s41413-018-0012-0

Sinning C, Makarova N, Völzke H et al. 2021. Associa-
tion of glycated hemoglobin A(1c) levels with cardio-
vascular outcomes in the general population: results
from the BiomarCaRE (Biomarker for Cardiovascular
Risk Assessment in Europe) consortium. Cardiovasc
Diabetol, 20: 223.

Sprenger L, Mader A, Larcher B et al. 2021. Type 2 diabetes
and the risk of cardiovascular events in peripheral artery
disease versus coronary artery disease. BMJ Open Diabe-
tes Research & Care,  9(2):  e002407. https://doi.org/10.
1136/bmjdrc-2021-002407.

Steven S, Frenis K, Oelze M et al. 2019. Vascular inflam-
mation and oxidative stress: Major triggers for cardio-
vascular disease. Oxid Med Cell Longev, 7092151.

Sun B, Ou H, Ren F et al. 2018a. Propofol inhibited au-
tophagy through Ca(2+)/CaMKKβ/AMPK/mTOR path-
way in OGD/R-induced neuron injury. Mol Med, 24: 58.

Sun W, Li G, Zeng X et al. 2018b. Clinical and imaging
characteristics of cerebral infarction in patients with

nonvalvular atrial fibrillation combined with cerebral
artery stenosis. J Atheroscler Thromb, 25: 720-732.

Wang G, Wang T, Zhang Y et al. 2019. Schizandrin pro-
tects against OGD/R-induced neuronal injury by sup-
pressing autophagy: Involvement of the AMPK/
mTOR pathway. Molecules, 24.

Wang J, Gao Y, Lin F et al. 2020. Omentin-1 attenuates
lipopolysaccharide (LPS)-induced U937 macrophages ac-
tivation by inhibiting the TLR4/MyD88/NF-κB signal-
ing. Arch Biochem Biophys, 679: 108-187.

Wang YX, Zhang L, Li CJ et al. 2021. Predicted 10-year
cardiovascular disease risk and its association with sleep
duration among adults in Beijing-Tianjin-Hebei Re-
gion, China. Biomed Environ Sci, 34: 803-813.

Xu T, Li Y, Su Y et al. 2020. Serum omentin-1 and risk of
one-year mortality in patients with ischemic stroke.
Clin Chim Acta, 505: 167-171.

Zhang J, Huang L, Shi X et al. 2020. Metformin protects
against myocardial ischemia-reperfusion injury and
cell pyroptosis via AMPK/NLRP3 inflammasome
pathway. Aging (Albany NY), 12: 24270-24287.

Zhou H, Zhang Z, Qian G et al. 2020. Omentin-1 atten-
uates adipose tissue inflammation via restoration of
TXNIP/NLRP3 signaling in high-fat diet-induced obese
mice. Fundam Clin Pharmacol, 34: 721-735.

Paper received for publication in February, 2022
Paper accepted for publication in April, 2022


