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A B S T R A C T

Aims: Free fatty acids (FFA) is a key contributor to insulin resistance and endothelial dysfunction. However, the
precise mechanism underlying the role of FFA remains elusive. This study aimed to investigate the role of NLRP3
(NOD-like receptor pyrin domain containing-3) inflammasome in FFA induced endothelial dysfunction.
Main methods: HUVECs were transfected with NLRP3 siRNA and then stimulated with LPS and palmitate. C57
BL/6 J mice transfected with NLRP3 Lenti-Virus were fed with a high-fat diet (HFD). The levels of NLRP3 in-
flammasome, AMPKα (AMP-activated protein kinase), endothelial nitric oxide synthase (eNOS) and the activity
of the insulin signal pathway, in endothelial cells were determined via Western blotting. Endothelial function
was determined by measuring the level of endothelium-dependent vasodilatation.
Key findings: FFA could activate NLRP3 inflammasome and induce IL-1β release both in vitro. and in vivo. Using
siRNA and Lenti-Virus to inhibit NLRP3 abolished palmitate-induced IL-1β release and restored impaired
phosphorylation of IRS-1 (Tyr), Akt (Ser473) and eNOS (Ser1177) and ACh-mediated endothelium-dependent
vasorelaxation induced by palmitate. AMPKα activator AICAR(5-aminoimidazole-4-carbox-amide-1-β-d-ribo-
furanoside) inhibited NLRP3 inflammasome activation and decreased IL-1β release and restored impaired insulin
signal pathway induced by palmitate.
Significance: NLRP3 inflammasome activation via AMPKα inactivation mediated palmitate-induced endothelial
dysfunction through involves IL-1β-induced insulin signal pathway.

1. Introduction

Endothelial dysfunction characterized by a reduction of en-
dothelium-dependent vasodilation is associated with a number of dis-
orders, such as obesity, diabetes, atherosclerosis and hypertension
[1,2]. Usually, endothelial dysfunction and insulin resistance are pre-
sent simultaneously and can affect each other. Several pathogenic fac-
tors including hyperglycemia, hyperlipemia, inflammation factors and
oxidative stress have been identified as risk factors of endothelial dys-
function [3,4]. Among them, Increased plasma FFA concentrations
cause endothelial dysfunction and insulin resistance. FFA-induced en-
dothelial dysfunction is mediated by endoplasmic reticulum (ER) stress,
reactive oxygen species (ROS) production, activated oxidative stress,
apoptosis, insulin resistance and Inflammatory pathways. FFA has been
proposed to promote inflammatory responses by directly engaging toll-
like receptors (TLRs) and inducing NF-κB–dependent production of

inflammatory cytokines such as tumor necrosis factor (TNF) and IL-6.
Elevated plasma FFA concentration has been proven to damage the
insulin signaling pathways (IRS-PI3K-Akt) and thus result in the re-
duction of endothelial nitric oxide synthase (eNOS) activity and nitric
oxide (NO) production in endothelial cells [5–7] by inducing proin-
flammatory signaling pathways and oxidative stress. However, the role
of inflammatory mediators in FFA-induced endothelial dysfunction are
not completely understood.

The NLRP3 inflammasome, which is the best characterized and most
extensively studied inflammasome, contains NLRP3, the apoptosis as-
sociated speck like protein (ASC) and the serine protease caspase-1
[8–10]. It could be activated by several pathogenic factors such as
hyperglycemia, hyperlipemia, inflammation factors and oxidative
stress. Activated NLRP3 oligomerises with the ASC is responsible for the
activation of caspase-1 and for the processing of pro-IL-1β into its
mature active form and its subsequent release [9–12], thus induce the
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inflammation reaction. IL-1β is a potent proinflammatory cytokine that
is related to insulin resistance and has a key proatherogenic effect in
vascular diseases [13,14]. It had been reported that NLRP3 inflamma-
some plays an important role in insulin resistance, obesity, diabetes
[15], metabolic diseases [16] and atherosclerosis [17,18].

Recently, palmitate, the most abundant saturated FFA, has been
implicated as a secondary signal in the activation of the NLRP3 in-
flammasome in the obesity model [19–21]. However, the relationship
between NLRP3 inflammasome and palmitate-induced endothelial
dysfunction has yet to be explored. In this study, the potent role of
NLRP3 inflammasome in palmitate-induced endothelial dysfunction
and its possible mechanism were investigated.

2. Materials and methods

2.1. Materials

Antibodies specific to NLRP3, ASC, cleaved-caspase-1 (10KD), t-IRS-
1, p-IRS-1 (Tyr), t-Akt, p-Akt (Ser473), t-eNOS, p-eNOS (Ser1177),
AMPKa, p-AMPKa (Thr172) and β-actin were obtained from Cell
Signaling Technology (CST) (Danvers, MA); Anti-Caspase-1 (45KD) and
anti-IL-1β (17KD) were bought from Santa Cruz Biotechnology (Santa
Cruz, CA); Protease inhibitor cocktail was from Sigma (St Louis, MO);
Lipopolysaccharides (LPS), Palmitate (PA), fatty acid-free BSA and
AICAR were obtained from Sigma (St. Louis, MO); SiRNA against
human NLRP3 and a control siRNA were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA); Others will be described below.

2.2. Preparation of PA-BSA complex

Palmitate was added to the culture medium as PA-BSA complex.
Briefly, sodium palmitate was dissolved in NaOH solution (0.1M) at
70 °C to yield a stock concentration of 100mM and kept at −20 °C.
Palmitate was then conjugated with 10% fatty acid–free BSA at a 1:1 M
ratio to make the PA-BSA complex (50mM). The PA solution was filter-
sterilized and stored at .20 °C. In this study, PA was added to the culture
medium at final concentrations of 50 μM, 100 μM, 200 μM.

2.3. Cell culture and treatment

HUVECs were purchased from the American Type Cell Collection
(ATCC, Manassas, VA). As previously reported [22], They were cultured
in endothelial cell medium (ECM; Sciencell, USA) containing 10% fetal
bovine serum (FBS) and penicillin (100u/ml)/streptomycin (100μg/ml)
in a humidified atmosphere of 5% CO2 and 95% O2 at 37 °C. 80%
confluence of HUVECs (3–5 passages) were used for the experiments.
Cells were treated with the following reagents: LPS (100 ng/ml) was
pretreated for 4 h before palmitate (50 μM, 100 μM, 200 μM) treatment
for another 24 h, then Insulin (100 nM) was stimulated for another
10min. The Cells were collected for other experiments.

2.4. Animals

The animal protocols were reviewed and approved by the Animal
Care and Use Committee of Zhengzhou University, in accordance with
AAALAC guidelines. The regular and high-fat diet (HFD) (60% fat cal-
ories) were purchased from TestDiet. Male C57BL/6 J mice(8 weeks of
age, 20–30 g) were used for the experiments. All Mice were housed in a
constant temperature (22 °C) with a 12/12 h light/dark cycles and had
free access to water.

The mice were divided into 4 groups (n = 10): Vehicle group (Lenti-
GFP with regular diet), HFD group (Lenti-GFP with HFD), Lenti-NLRP3
group (Lenti-NLRP3 with regular diet) and Lenti-NLRP3+HFD group
(Lenti-NLRP3 with HFD). We use Lenti-NLRP3 (NLRP3 Lenti-Virus) to
knockdown NLRP3. After 10 weeks of diet, the mice received a jugular-
vein injection of a total Lenti-Virus(GFP and NLRP3) dose of

1 × 107 PFU/mouse for one time. Sequences for mice NLRP3 Lenti-
virus were: sense, 5′- GGTGAAATGTACTTAAATC-3'; antisense,
5′-GATTTAAGTACATTTCACC-3'. The lenti-virus were obtained from
GenePharma (Shanghai, China). After another 2 weeks of transfection,
all mice were sacrificed.

2.5. Small Interfering RNA (siRNA)

HUVECs were transfected with the NLRP3 siRNA or Control siRNA
duplexes purchased from Santa Cruz Biotechnology (Santa Cruz, CA)
using the transfection reagent and medium (Santa Cruz, CA) according
to the manufacturer's instructions as described previously [23]. The
expression of target proteins were examined by Western Blot analysis.

2.6. Western blot

Western blotting and band densitometry were performed as pre-
viously reported [22,23]. Tissues and cultured cells were homogenized
on ice in 1× lysis buffer. The protein expression was assayed with the
same quantity of protein samples using the BCA method. Proteins were
separated by 10% or 15% SDS-PAGE gels and transferred to ni-
trocellulose membranes. After blocking for 2 h in 5% non-fat milk the
membranes were incubated with primary antibodies overnight at 4 °C.
On the second day, the membranes were incubated with rabbit anti-
goat (1:5000) or goat anti-rabbit IgG (1:5000) for 2 h at room tem-
perature. The bands were identified by a standard enhanced chemilu-
minescence method.

2.7. Enzyme-linked immunosorbent assay (ELISA)

Cell culture supernatants and tissues lysates were assayed for
human and mouse IL-1β according to manufacturer's instructions
(Jiancheng, Nanjing, China).

2.8. Assessment of endothelial function

The isolated thoracic aortas were placed in Krebs-Henseleit bi-
carbonate buffer (K–H solution) to measure endothelial function. The
aortas were cut into 3-mm ring segments and placed in an organ bath
chamber containing 10ml K–H solution that was bubbled with 5%
CO2/95% O2 gas mixture and maintained at 37 °C. The aortic rings
were stretched to 1.0 g tension and allowed to equilibrate for 60min.
Then the rings were precontracted with 1 μmol/L norepinephrine (NE).
Endothelium-dependent vessel relaxation was determined as the re-
sponse to acetylcholine (ACh, 10−9 to 10−4 mol/L). Endothelium-in-
dependent vessel relaxation was measured as the response to sodium
nitroprusside (SNP, 10−9 to 10−4 mol/L). NE, Ach and SNP were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA).

2.9. Statistical analysis

All Values were presented as mean ± SEM, and all the data were
analysed using SPSS 19.0 software. Data were analysed by one-way
ANOVA followed by Tukey's post hoc test. A value of p < 0.05 was
considered statistically significant.

3. Results

3.1. Palmitate activated NLRP3 inflammasome in HUVECs

It was reported that palmitate could be the second signal for the
activation of NLRP3 inflammasome in the bone marrow-derived mac-
rophages (BMMs) [20]. To confirm whether palmitate could activate
NLRP3 inflammasome in endothelial cells, we pretreated HUVECs with
LPS for 4 h followed by different concentrations of PA treatment for
another 24 h. As expected, LPS or palmitate did not affect NLRP3, ASC
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or caspase-1 protein expression. Palmitate treatment alone did not in-
crease cleaved caspase-1 the mature form of caspase-1 or IL-1β protein
expression in HUVECs, but the two combined did. With LPS, palmitate
could incease cleaved caspase-1 expression and thus induce IL-1β se-
cretion in HUVECs in concentration-dependent fashion, supporting the
two-signal hypothesis of inflammasome activation (Fig. 1).

3.2. Palmitate inhibited insulin mediated IRS-1, Akt and eNOS
phosphorylation in HUVECs

In order to determine the role of palmitate in impaired insulin signal
transduction in vascular endothelium, we evaluated the phosphoryla-
tion of IRS-1 (Tyr), Akt (Ser473) and eNOS (Ser1177). As shown in
Fig. 2A, palmitate alone inhibited phosphorylation of IRS-1 (Tyr), Akt
(Ser473) and eNOS (Ser1177) in HUVECs, which was consistent with
previous studies [7]. With LPS, palmitate inhibit phosphorylation of
IRS-1 (Tyr), Akt (Ser473) and eNOS (Ser1177) in concentration-de-
pendent manner in HUVECs compared with the palmitate treatment
group. While protein expressions of IRS-1, Akt and eNOS were not
changed in either LPS or palmitate group.

As an important inflammatory cytokine, IL-1β was reported to in-
duce insulin resistance in obesity. We also detected the effects of IL-1β
on the insulin signal pathway. Surprisingly, IL-1β did inhibit

phosphorylation of IRS-1 (Tyr), Akt (Ser473) and eNOS (Ser1177) in
concentration-dependent manner in HUVECs which was consistent with
the palmitate experiment (Fig. 2B).

Since IL-1β was released by NLRP3 inflammasome activation which
was induced by palmitate, these results indicated that NLRP3 in-
flammasome activation could inhibit IRS-1, Akt and eNOS phosphor-
ylation in HUVECs.

3.3. NLRP3 protein inhibition restored palmitate induced depression of IRS-
1, Akt and eNOS phosphorylation in HUVECs

To confirm the role of NLRP3 inflammasome in endothelial dys-
function, we performed NLRP3 siRNA knockdown experiments in
HUVEC. Indeed, inhibition of NLRP3 decreased cleaved caspase-1
protein expression and also abolished palmitate-induced IL-1β release
in HUVECs (Fig. 3). Also, we found that inhibition of NLRP3 protein
expression restored the insulin mediated IRS-1, Akt and eNOS phos-
phorylation depression in palmitate plus LPS treated HUVECs, without
changing IRS-1, Akt and eNOS protein expressions (Fig. 4).

Fig. 1. Palmitate activate NLRP3 inflammasome in HUVECs. HUVECs were pretreated with LPS (100 ng/ml) for 4 h followed by PA (50 μM, 100 μM, 200 μM)
treatment for another 24 h as indicated; (A) Representative blots and relative expression of IL-1β, Cleaved caspase-1, NLRP3, ASC and caspase-1 protein levels; (B)
ELISA for IL-1βlevels in supernatants. The shown Western blots were representative of at least 3 independent experiments with similar results. * represent p < 0.05
vs control (n = 3), ＃ represent p < 0.05 vs PA (n= 3), otherwise, not significant (NS). Ctrl, control.

Fig. 2. Palmitate inhibit insulin mediated
IRS-1, Akt and eNOS phosphorylation in
HUVECs. (A) HUVECs were pretreated with LPS
(100 ng/ml) for 4 h, and then exposed with PA
(50 μM, 100 μM, 200 μM) for 24 h, followed by
insulin (100 nM) stimulation for another 10min.
Representative blots and relative expression of
p-IRS-1(Thr), p-Akt (Ser473) and p-eNOS
(Ser1177) protein levels; (B) HUVECs were
treated with IL-1β (0.1, 1, 10 ng/ml) for 24 h
followed by insulin (100 nM) stimulation for
10 min, Representative blots and relative ex-
pression of p-IRS-1(Thr), p-Akt (Ser473) and p-
eNOS (Ser1177) protein levels. The shown
Western blots were representative of at least 3
independent experiments with similar results. *
represent p < 0.05 vs control (n = 3), ＃ re-
present p < 0.05 vs PA (n=3), otherwise, not
significant. Ctrl, control.
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3.4. AMPKα was required for palmitate-induced NLRP3 inflammasome
activation in HUVECs

The mechanisms of palmitate-induced activation of NLRP3 in-
flammasome were further explored in this study. Palmitate alone de-
creased AMPKα (Thr172) phosphorylation in HUVECs which was
consistent with previous studies. Palmitate plus LPS treatment could
inhibit phosphorylation of AMPKα (Thr172) in concentration-depen-
dent manner in HUVECs compared with the palmitate treatment group.
While protein expression of AMPKα was not changed in either LPS or
palmitate group (Fig. 5A). To determine whether AMPKα could reg-
ulate the activation of NLRP3 inflammasome, we performed experi-
ments with AMPK agonist AICAR. Notably, AICAR, which could en-
hance the phosphorylation of AMPKα, abolished cleaved caspase-1 and
IL-1β expression and restored IRS-1 (Tyr), Akt (Ser473) and eNOS
(Ser1177) phosphorylation induced by palmitate plus LPS (Fig. 5B).

3.5. HFD activated NLRP3 inflammasome in mouse aorta

To further confirm the role of NLRP3 inflammasome in endothelial
dysfunction, mice were infected with the NLRP3 Lenti-Virus. It was
found that HFD increased cleaved caspase-1 and IL-1β protein expres-
sion without changing the protein levels of NLRP3, ASC and caspase-1
in mouse aorta. NLRP3 Lenti-Virus abolished HFD-induced cleaved
caspase-1 and IL-1β release which was consistent with the cell experi-
ments (Fig. 6).

3.6. NLRP3 inhibition restored the decreased insulin mediated IRS-1, Akt
and eNOS phosphorylation in mouse aorta

In addition, we assayed the effects of NLRP3 on the insulin signal
pathway in mouse aorta. Similar to the effects of palmitate on HUVECs,
HFD inhibit phosphorylation of IRS-1 (Tyr), Akt (Ser473) and eNOS
(Ser1177). NLRP3 Lenti-Virus restored the phosphorylation of IRS-1,
Akt and eNOS decreased by HFD (Fig. 7).

Fig. 3. NLRP3 inflammasome inhibition downregulate IL-1β expression induced by Palmitate in HUVECs. HUVECs were transfected with Control or NLRP3
SiRNA for 24 h, and then pretreated with LPS (100 ng/ml) for 4 h followed by PA (100 μM) treatment for another 24 h. (A) Representative blots and relative
expression of IL-1β, Cleaved caspase-1 protein levels; (B) ELISA for IL-1β levels in supernatants; (C) Representative blots and relative expression of NLRP3 protein
levels; .The shown Western blots were representative of at least 3 independent experiments with similar results. * represent p < 0.05 vs PA100 (n = 3), ＃ represent
p < 0.05 vs LPS + PA 100 (n = 3), otherwise, not significant. Ctrl, control; Si-Ctrl, Control SiRNA; Si-NLRP3, NLRP3 SiRNA.

Fig. 4. NLRP3 protein inhibition restored in-
sulin mediated IRS-1, Akt and eNOS phos-
phorylation depression in palmitate treated
HUVECs. HUVECs were transfected with Control
or NLRP3 SiRNA for 24 h, and then pretreated
with LPS (100 ng/ml) for 4 h followed by PA
(100 μM) treatment for 24 h, then insulin (100 nM)
was stimulated for another 10 min. (A) Western
blots for p-IRS-1(Thr), p-Akt (Ser473) and p-eNOS
(Ser1177) protein levels; (B) Relative expression of
p-IRS-1(Thr), p-Akt (Ser473) and p-eNOS
(Ser1177) protein levels. The shown Western blots
were representative of at least 3 independent ex-
periments with similar results. * represent
p < 0.05 vs PA100 (n = 3), ＃ represent
p < 0.05 vs LPS + PA 100 (n = 3), otherwise,
not significant. Ctrl, control; Si-NLRP3, NLRP3
SiRNA.
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3.7. NLRP3 inhibition restored impaired endothelium-dependent
vasorelaxation induced by HFD in mouse aorta

Next, the role of NLRP3 in HFD-induced impairment of endothelial
functions was investigated in mouse aorta. As shown in Fig. 8A, ACh
(10−9–10−4 M) induced vasodilation in a concentration-dependent
manner in preconstricted aortic rings. HFD decreased ACh-mediated
vasodilation. NLRP3 protein inhibition reversed ACh-mediated

vasodilation impaired by HFD. We also studied sodium nitroprusside
(SNP, 10−9–10−4 M) induced endothelium-independent relaxation and
showed that there was no statistically significant difference (Fig. 8B).

4. Discussion

The present study provided new evidence to show the role of NLRP3
inflammasome in FFA induced endothelial dysfunction. It was found

Fig. 5. AMPKα is required for palmitate-induced NLRP3 inflammasome activation in HUVECs. (A) HUVECs were pretreated with LPS (100 ng/ml) for 4 h,
followed by PA (50 μM, 100 μM, 200 μM) treatment for another 24 h. Representative blots and relative expression of p-AMPKα (Thr172) protein levels. * represent
p < 0.05 vs control (n = 3), ＃represent p < 0.05 vs PA (n= 3), otherwise, not significant; (B) HUVECs were pretreated with LPS (100 ng/ml) for 4 h, followed by
PA (100 μM) treatment for 24 h in the absence or presence of AICAR. Representative blots and relative expression of p-IRS-1(Thr), p-Akt (Ser473) and p-eNOS
(Ser1177), IL-1β and Cleaved caspase-1 protein levels.* represent p < 0.05 vs PA100 (n = 3), ＃represent p < 0.05 vs LPS + PA 100 (n = 3), otherwise, not
significant. The presented blots were representative of at least 3 independent experiments with similar results. Ctrl, control.

Fig. 6. HFD activate NLRP3 inflammasome in mouse aorta. Male C57BL/6 J mice were fed with regular and high-fat diet (HFD) (60% fat calories) for 10 weeks,
and then transfected with GFP and NLRP3 Lenti-Virus for another 2 weeks. (A) Western Blots for IL-1β, Cleaved caspase-1, NLRP3, ASC and caspase-1 protein levels;
(B) Relative expression of IL-1βand Cleaved caspase-1 protein levels; (C) Relative expression of NLRP3, ASC and caspase-1 protein levels. * represent p < 0.05 vs
Vehicle (n = 5), ＃ represent p < 0.05 vs HFD (n=5), otherwise, not significant. HFD, High-fat diet; Lenti-GFP, GFP Lenti-Virus; Lenti-NLRP3, NLRP3 Lenti-Virus.

Fig. 7. NLRP3 protein inhibition restored de-
creased insulin mediated Akt and eNOS phos-
phorylation in mouse aorta. Male C57BL/6 J
mice were fed with regular and high-fat diet (HFD)
(60% fat calories) for 10 weeks, and then trans-
fected with GFP and NLRP3 Lenti-Virus for an-
other 2 weeks, followed by insulin (100 nM) sti-
mulation for 10 min. (A) Western blots for p-IRS-
1(Thr), p-Akt (Ser473) and p-eNOS (Ser1177)
protein levels; (B) Relative expression of p-IRS-
1(Thr), p-Akt (Ser473) and p-eNOS (Ser1177)
protein levels. * represent p < 0.05 vs Vehicle
(n = 5), ＃ represent p < 0.05 vs HFD (n=5),
otherwise, not significant. HFD, High-fat diet;
Lenti-GFP, GFP Lenti-Virus; Lenti-NLRP3, NLRP3
Lenti-Virus.
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that palmitate could activate NLRP3 inflammasome and induce IL-1β
release through the inhibition of AMPKα. In contrast, NLRP3 inhibition
restored palmitate-induced impaired of insulin signal pathway and
endothelium-dependent vasorelaxation, which was associated with IL-
1β-related insulin resistance. Thus, It was demonstrated that NLRP3
inflammasome mediated palmitate induced endothelial dysfunction.

It is well known that elevated FFA in obesity could cause insulin
resistance not only in liver and skeletal muscle, but also in endothelial
cells [24]. FFA is associated with insulin resistance and endothelial
dysfunction. The underlying mechanism is vascular inflammation
which is a key point linking cardiovascular disease to obesity and other
metabolic disorders. IL-1β is an important proinflammatory cytokine
that links insulin resistance and endothelial dysfunction. It had been
demonstrated that IL-1β cytokine is processed by caspase-1 which can
be activated by NLRP3 inflammasome. NLRP3 inflammasome activa-
tion requires two steps. The priming step could be provided by pattern
recognition or cytokine receptors which induce expression and synth-
esis of pro-IL-1β. In the second step, a range of pathogenic factors,
named second signals, such as diverse substances of microbial, en-
vironmental, or endogenous origin, triggers NLRP3 inflammasome ac-
tivation [25,26].

Palmitate is one of the most abundant saturated fatty acids in
plasma and is substantially elevated following an HFD. It had been
know that palmitate could induce endothelial dysfunction and poly-
unsaturated fatty acids could improve endothelial function. Recently,
the saturated fatty acid palmitate, but not unsaturated fatty acid, has
been implicated to activate NLRP3 inflammasome in bone marrow-
derived macrophages (BMMs) in the obesity model [19–21]. Thus, we
did not detect the effects of polyunsaturated fatty acids on NLRP3 in-
flammasome in this study. To test whether palmitate could activate
NLRP3 inflammasome in endothelial cells, LPS-primed HUVECs were
incubated with palmitate to induce a robust increase of cleaved cas-
pase-1 and release of IL-1β in a concentration-dependent manner
without changing NLRP3, ASC or caspase-1 protein expression. Of note,
without LPS, palmitate alone did not increase the levels of cleaved
caspase-1 or IL-1β release. Furthermore, HFD could increase circulating
FFA levels, which cause inflammation and lipotoxicity [27–29]. The
HFD-induced proinflammatory responses, including production of cy-
tokines, are implicated as a mechanism for insulin resistance and en-
dothelial dysfunction [30–33]. Also, we performed mice with HFD, and
found that HFD increased cleaved caspase-1 expression and induced IL-
1β release without changing NLRP3, ASC or caspase-1 protein expres-
sion in mouse aorta. These indicate that HFD could activate NLRP3
inflammasome. These indicated that palmitate acted as a secondary
signal in the activation of NLRP3 inflammasome in endothelial cells.

Insulin resistance is characterized by endothelial dysfunction, and
endothelial dysfunction is a hallmark of insulin resistance [34,35]. FFA
has been proven to damage the insulin signaling pathways (IRS-PI3K-
Akt) to induce insulin resistance and thus reduce eNOS phosphorylation

in endothelial cells which in turn induce endothelial dysfunction by
inducing the expressions of proinflammatory cytokines [5–7]. In the
present study, It was found that both palmitate and IL-1β inhibited the
IRS-1-Akt-eNOS signaling pathway, which is consistent with the pre-
vious studies. NLRP3 inhibition also suppressed the release of IL-1β and
alleviated palmitate-induced impairment of insulin signaling in en-
dothelial cells. Our study further exhibited that ACh-mediated vasodi-
lation in mouse aortic rings was reduced by HFD, while the inhibition of
NLRP3 could alleviate HFD-induced impairment of vasodilation. These
results demonstrated that NLRP3 inflammasome mediate palmitate in-
duced endothelial dysfunction through the regulation of proin-
flammatory response and insulin signaling pathway.

It was reported that AMPKα, which is another kinase upstream of
phosphorylated Akt and eNOS [36], negatively regulates FFA induced
reactive oxygen species (ROS) generation, which results in an increased
level of β-oxidation of FFAs in mitochondria [37]. FFA could also de-
crease AMPKα activity which leads to mitochondrial ROS accumula-
tion. Previous studies [38,39] suggested that NLRP3 inflammasome
activation could be positively regulated by ROS. This study confirmed
the hypothesis that palmitate stimulation may activate NLRP3 in-
flammasome through AMPKα inhibition. It was also found that palmi-
tate decreased AMPKα phosphorylation, while the AMPKα agonist
AICAR inhibited NLRP3 inflammasome activation and alleviated pal-
mitate-induced impairment of insulin signal pathway.

5. Conclusion

In summary, this study demonstrated that NLRP3 inflammasome
activation via AMPKα inactivation mediated palmitate-induced en-
dothelial dysfunction, the mechanism involves IL-1β release induced
insulin signal pathway. These findings may provide a new target for the
treatment of palmitate induced endothelial dysfunction.
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