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Abstract
AIM: To investigate the effect of different dietary fatty 
acids on hepatic inflammasome activation.

METHODS: Wild-type C57BL/6 mice were fed either 
a high-fat diet or polyunsaturated fatty acid (PUFA)-
enriched diet. Primary hepatocytes were treated with 
either saturated fatty acids (SFAs) or PUFAs as well as 
combined with lipopolysaccharide (LPS). The expression 
of NOD-like receptor protein 3 (NLRP3) inflammasome, 
peroxisome proliferator-activated receptor-γ and nuclear 
factor-kappa B (NF-κB) was determined by real-time 
PCR and Western blot. The activity of Caspase-1 and 
interleukine-1β production were measured.

RESULTS: High-fat diet-induced hepatic steatosis 
was sufficient to induce and activate hepatic NLRP3 
inflammasome. SFA palmitic acid (PA) directly activated 
NLRP3 inflammasome and increased sensitization to 
LPS-induced inflammasome activation in hepatocytes. 
In contrast, PUFA docosahexaenoic acid (DHA) had the 
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hit or further insults. Recently, increasing evidence 
has suggested chronic and systemic low-grade 
inflammation play an essential role in the pathogenesis 
of insulin resistance and NAFLD[1,2].

Inflammasome has emerged as an important 
regulator of inflammation[3,4]. The NOD-like receptor 
protein 3 (NLRP3) inflammasome is a cytosolic protein 
complex composed of the regulatory subunit NLRP3, 
the adaptor apoptosis-associated speck-like protein 
(ASC) and the effector caspase-1. Inflammasome can 
be activated by both pattern-associated molecular 
patterns (PAMPs) and danger-associated molecular 
patterns (DAMPs)[5,6]. The two-signal hypothesis is 
accepted in inflammasome activation: the first signal 
produces and induces pro-interleukine-1 beta (pro-
IL-1β) and inflammasome components expression, 
and the second signal assembles inflammasome 
components to engage in caspase-1 activation and 
secret bioactive IL-1β.

Recent studies suggest a critical role for NLRP3 
inflammasome in obesity and its complications[7-9]. Loss 
of NLRP3 inflammasome components protects mice 
against insulin resistance and metabolic dysfunction, 
indicating that NLRP3 inflammasome may function 
as a sensor to detect metabolic danger signals. Free 
fatty acids (FFAs), usually elevated in plasma of 
NASH patients[10,11], have been proposed as a major 
contributing factor for inflammatory response through 
engaging toll-like receptors (TLRs) and inducing nuclear 
factor-kappa B (NF-κB)-dependent production of 
inflammatory cytokines such as Tumor Necrosis Factor-α 
(TNF-α) and IL-6[12]. Recently, several studies have 
demonstrated that the saturated FFA (SFA) palmitic acid 
triggered inflammation by activating inflammasome 
in macrophages and hepatocytes[13,14]. However, these 
studies indicated SFAs alone only primed and induced 
the NLRP3 inflammasome expression but failed to 
completely activate NLRP3 inflammasome. Furthermore, 
there was no inflammasome activation in liver with 
simple hepatic steatosis in ob/ob mice. Therefore, 
the effect of SFAs or high-fat diet (HFD) on activation 
of the NLRP3 inflammasome needs to be further 
confirmed. Interestingly, recent studies revealed that 
n-3 polyunsaturated fatty acids (n-3 PUFAs) suppressed 
both lipopolysaccharide (LPS)-induced priming and 
NLRP3 inflammasome activation in macrophages and, 
more importantly, n-3 PUFAs prevented HFD-induced 
metabolic disorders such as insulin resistance through 
inhibition of NLRP3 inflammasome activation[15,16]. 
These results indicated that different types of fatty acids 
exerted different or even opposite roles in the activation 
of the NLRP3 inflammasome. Currently, the mechanism 
involved in inflammasome regulation remains largely 
unknown. Elevated ROS levels, mitochondria damage 
and lysosomal rupture have been proposed to 
participate in NLRP3 inflammasome activation[17-19] but 
little is known about FFAs to positively or negatively 
regulate NLRP3 inflammasome activation.
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potential to inhibit NLRP3 inflammasome expression 
in hepatocytes and partly abolished LPS-induced 
NLRP3 inflammasome activation. Furthermore, a high-
fat diet increased but PUFA-enriched diet decreased 
sensitization to LPS-induced hepatic NLRP3 inflam
masome activation in vivo . Moreover, PA increased 
but DHA decreased phosphorylated NF-κB p65 protein 
expression in hepatocytes.

CONCLUSION: Hepatic NLRP3 inf lammasome 
activation played an important role in the development 
of non-alcoholic fatty liver disease. Dietary SFAs and 
PUFAs oppositely regulated the activity of NLRP3 
inflammasome through direct activation or inhibition of 
NF-κB.

Key words: non-alcoholic fatty liver disease; NOD-
like receptor protein 3 inflammasome; saturated fatty 
acids; polyunsaturated fatty acids; nuclear factor-kappa 
B
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Core tip: Our research inventively elucidated that high-
fat diet-induced hepatic steatosis was sufficient to 
induce and activate hepatic NOD-like receptor protein 
3 (NLRP3) inflammasome, playing an important 
role in the development of non-alcoholic fatty liver 
disease. Furthermore, dietary saturated fatty acids and 
polyunsaturated fatty acids oppositely regulated the 
activity of NLRP3 inflammasome in hepatocytes and 
transmitted different sensitization to lipopolysaccharide-
induced activation of NLRP3 inflammasome in vitro  and 
in vivo , partly through direct activation or inhibition of 
nuclear factor-kappa B.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is considered 
the hepatic manifestation of the metabolic syndrome. 
The spectrum of NAFLD includes simple steatosis, 
steatosis with inflammation and non-alcoholic steato
hepatitis (NASH) with fibrosis. A “two hit” mechanism 
is proposed to drive progression from NAFLD to NASH. 
The initial step involves excessive fat accumulation in 
the liver and the second hit includes enhanced lipid 
peroxidation and increased generation of reactive 
oxygen species (ROS). Subsequently, fat accumulation 
in the liver enhances sensitization to the second 



In the current study, we investigated whether HFD-
induced hepatic steatosis had a direct effect on NLRP3 
inflammasome activation. Furthermore, the effect of 
dietary SFAs and PUFAs on the NLRP3 inflammasome 
activation in hepatocytes was determined and the 
possible underlying mechanism was explored. We also 
determined the effect of different FFAs on LPS-induced 
NLRP3 inflammasome activation. 

MATERIALS AND METHODS
Animal experiments
Adult (age 6-8 wk) male wild type C57BL/6 mice were 
obtained from the Experimental Animal Center (Ren 
Ji Hospital, Shanghai Jiao Tong University). Mice were 
fed either a normal control diet (NCD, 12% kcal from 
fat, n = 10) or a high-fat diet (HFD, 59% kcal from 
fat, Shanghai SLACCAS Company, n = 10) for 14 wk. 
All mice were maintained in a temperature and light-
controlled facility and permitted to consume water and 
pellet chow ad libitum. All animal experiments fulfilled 
Shanghai Jiao Tong University criteria for the humane 
treatment of laboratory animals and was approved by 
the Ren Ji Hospital Animal Care and Use Committee 
(SYXK 2011-0121). 

For LPS-induced liver injury, mice received an 
intraperitoneal injection of lipopolysaccharide (LPS, 
1.5 mg/kg, Sigma-Aldrich Corporation, St. Louis, MO, 
United States) 6 h before being sacrificed after feeding 
with either NCD (n = 5), HFD (n = 5) or PUFA-enriched 
diet (enriched in polyunsaturated fatty acid, 45% kcal 
from fish oil, Medicience Ltd, China, n = 5) for 4 wk. 
The serum and liver tissue were collected.

Hepatocyte isolation and treatment
Hepatocytes were isolated as previously described[20] 
and obtained through low-speed centrifugation of the 
liver filtrate and cultured in DMEM solution containing 
12% fetal bovine serum (FBS, Gibco, Grand Island, 
NY, United States), with 100 U/mL penicillin G and 100 
U/mL streptomycin sulfate on collagen I-coated plates. 
The viability of cells was assessed by the trypan blue 
exclusion test. Exclusion was greater than 90% for 
hepatocytes.

After overnight culture, hepatocytes were treated 
with either palmitic acid (PA, 0.5 mmol/L, Sigma-
Aldrich Corporation, St. Louis, MO, United States) or 
docosahexaenoic acid (DHA, 50 μmol/L, Sigma-Aldrich 
Corporation, St. Louis, MO, United States) for 6 or 24 h, 
as well as combined with LPS (1 μg/mL, Sigma-Aldrich 
Corporation, St. Louis, MO, United States) treatment. 
Meanwhile, DMEM solution or LPS treatment alone 
served as a control respectively in the separated 
experiments.

Total RNA isolation and real-time PCR
Total RNA was extracted from mice liver tissue and 
hepatocytes using TRIzol reagent (Invitrogen, Grand 

Island, NY, United States). cDNA was synthesized from 
2 μg of total RNA using Primescript RT Reagent kit 
(TaKaRa, Japan). For real-time PCR, 10 ng template 
was added in a 10 μl reaction system containing each 
primer and SYBR Green PCR Master Mix (TaKaRa, 
Japan). PCR thermocycling parameters were 95 ℃ 
for 30 s, followed by 40 cycles of 95 ℃ for 5 s and 
60 ℃ for 30 s performed by ABI Prism 7300 system 
(Applied Biosystems, Grand Island, NY, United 
States). All reactions were performed in triplicate. 
The expression levels of target genes were quantified 
by the double-delta method (2-ΔΔCt). Murine primers 
(provided by Sangon Biotech Co., Shanghai, China) 
were as follows: NLRP3: GAGTTCTTCGCTGCTATGT 
and ACCTTCACGTCTCGGTTC; Caspase-1: TGG
AGAGAAACAAGGAG and TTGAAGAGCAGAAAG
CAAT; IL-1β: TCTTTGAAGTTGACGGACCC and 
TGAGTGATACTGCCTGCCTG; TNF-α: TCTTCTCATTCCTG
CTTGTGG and GGTCTGGGCCATAGAACTGA; PPARγ: 
GCCCTTTACCACAGTTGATTTCT and GTGATTTGTCCGT
TGTCTTTCCT; β-actin: TGTTACCAACTGGGACGACA and 
CTGGGTCATCTTTTCACGGT.

Western blot analysis
Whole protein extracted from mice liver tissue and 
hepatocytes were resolved by 8% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
gels according to standard procedures. The samples 
were then transferred to 0.45 μm nitrocellulose 
membranes (Bio-Rad, Hercules, CA, United States) 
and incubated at 4 ℃ overnight with antibodies against 
NLRP3 (1:1000, Abcam, Cambridge, MA, United 
States), Caspase-1 (procaspase-1 and Caspase-1-p10, 
1:1000, Abcam, Cambridge, MA, United States), 
peroxisome proliferator-activated receptor-γ (PPAR-γ) 
(1:500, Cell Signaling Technology, Danvers, MA, United 
States), NF-κB p65 (1:1000, Cell Signaling Technology, 
Danvers, MA, United States), phosphorylated NF-
κB p65 (1:500, Cell Signaling Technology, Danvers, 
MA, United States) and GAPDH (1:10000, KangChen 
Bio-tech, Shanghai, China). The blots were then 
incubated with a horseradish peroxidase (HRP)-
conjugated secondary antibody (1:10000, KangChen 
Bio-tech, Shanghai, China) at room temperature for 
1 h. Immunoreactive bands were detected with ECL 
Western blotting kit (Thermo Scientific Pierce, Grand 
Island, NY, United States), exposed to films and 
developed. 

Caspase-1 activity measurement
Protein from mice liver tissue and hepatocytes was 
extracted in the same way as above. The activity of 
Caspase-1 was assessed with the caspase-1 activity 
assay kit (BioVision, Milpitas, CA, United States) 
according to the manufacturer’s instruction. 

enzyme-linked immunosorbent assay analysis
Whole cell lysates were extracted from liver tissue. Cells 
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and activate NLRP3 inflammasome was investigated 
and the effect of different fatty acids on NLRP3 
inflammasome activation was explored further. 
Primary hepatocytes isolated from C57BL/6 mice were 
incubated in either SFA (PA, 0.5 mmol/L) or PUFA (DHA, 
50 μmol/L) for 24 h. Oil red O staining showed severe 
lipid droplet deposition in PA-treated hepatocytes when 
compared to those of normal controls. However, slight 
lipid droplet deposition was observed in DHA-treated 
hepatocytes (Figure 2A), which was similar to that of 
normal controls. As expected, PA-treated hepatocytes 
demonstrated markedly increased mRNA expression of 
NLRP3 and IL-1β compared to normal controls (Figure 
2B). The protein expression of NLRP3 and fountional 
caspase1-p10 in hepatocytes after PA treatment 
was also increased (Figure 2C). Moreover, caspase-1 
activity (Figure 2D) and IL-1β secretion (Figure 2E) 
were markedly increased in PA-treated hepatocyte 
culture supernatants. In contrast, DHA treatment 
significantly decreased mRNA expression of NLRP3 and 
IL-1β compared to normal controls (Figure 2B) but no 
significant change was detected in caspase-1 activity 
and IL-1β secretion in culture supernatants. Altogether, 
these results indicated that SFAs alone could induce 
and activate NLRP3 inflammasome in hepatocytes, 
which may be associated with lipid deposition. On the 
other hand, PUFAs had the potential to inhibit NLRP3 
inflammasome activation.

Combined effect of fatty acids with LPS on NLRP3 
inflammasome activation in hepatocytes
LPS has been proposed as an important factor in the 
pathogenesis of NAFLD. Recent reports have shown 
LPS can induce and activate NLRP3 inflammasome in 
the liver[21]. Furthermore, TLRs and PA cooperatively 
activated inflammasome in the liver[14,22]. Next, the 
effect of LPS combined with different fatty acids on 
NLRP3 inflammasome activation in hepatocytes was 
investigated. Figure 3A and B shows that PA combined 
with LPS significantly increased NLRP3 gene and 
protein expression when compared with LPS treatment 
alone. Simultaneously, caspase-1 activity (Figure 3C) 
and IL-1β secretion (Figure 3D) were also significantly 
increased in the combined treatment group versus 
LPS treatment alone. In contrast, DHA combined with 
LPS significantly decreased NLRP3 expression at gene 
and protein levels when compared with LPS treatment 
alone (Figure 3A and B). Furthermore, IL-1β secretion 
in culture supernatant was decreased markedly after 
DHA combined with LPS treatment (Figure 3C). These 
results indicated that SFAs enhanced sensitization to 
LPS-induced NLRP3 inflammasome activation, while 
PUFAs had the potential to decrease LPS-induced 
inflammasome activation.

Effect of different fatty acid diets combined with LPS on 
hepatic NLRP3 inflammasome in vivo
Different fatty acids oppositely regulated LPS-induced 

culture supernatants of hepatocytes were collected 
after 24 h treatment. These lysates and culture 
supernatants were assayed for IL-1β production with 
IL-1β ELISA kit (eBioscience, San Diego, CA, United 
States) according to the manufacturer’s protocol.

Liver histology and oil red O staining
Liver tissues were fixed in 10% formalin and 
embedded in paraffin. The sections were stained with 
hematoxylin-eosin and examined under Olympus 
light microscopy. Liver tissue and fatty acid treated 
hepatocytes were fixed in 10% formalin and stained 
with oil red O and hematoxylin for examination of lipid 
accumulation.

Statistical analysis
All statistical analyses were carried out with GraphPad 
Prism 5 and expressed as mean ± SEM. The paired-
individual means were compared by t-test. P < 0.05 
was considered statistically significant.

RESULTS
High fat diets induce and activate hepatic NLRP3 
inflammasome
Chronic and systemic activation of the inflammatory-
immune system plays an important role in the 
development of NAFLD[1,2]. Inflammasomes are major 
contributors to inflammation. Here, the association 
between high-fat diet feeding and hepatic NLRP3 
inflammasome expression was studied. As in our 
previous report, 14 wk of HFD induced significant but 
simple hepatic steatosis (Figure 1A) and up-regulated 
mRNA expression of proinflammatory cytokines TNF-α 
and IL-1β in liver (Figure 1B) when compared to those 
of NCD mice. Unlike other proinflammatory cytokines, 
IL-1β is cleaved from pro-IL-1β by caspase-1, which 
is activated by the inflammasome complex. Here 
we found expression of NLRP3 and caspase-1 was 
significantly up-regulated at mRNA level in the livers 
of HFD-fed mice versus NCD-fed mice (Figure 1B). 
Furthermore, the protein expression of NLRP3 and 
fountional cleavage caspase-1 (caspase-1-p10) 
was also increased in HFD-fed mice (Figure 1C). In 
agreement with the increased fountional caspase-1 
mRNA expression, caspase-1 activity (Figure 1D) 
and mature IL-1β protein levels (Figure 1E) in liver 
tissue were significantly increased in HFD-fed mice 
versus NC-fed mice, which indicated inflammasome 
activation. Taken together, these results indicated that 
high-fat diet induced hepatic NLRP3 inflammasome 
activation is associated with hepatic steatosis.

Different fatty acids have opposite effect on NLRP3 
inflammasome activation in hepatocytes
Hepatic steatosis was characterized with overloading 
of lipid droplets in hepatocytes. Next, whether lipid 
droplets deposition in hepatocytes can directly induce 
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NLRP3 inflammasome activation in vitro. Next, whether 
different fatty acids-enriched diets had different effect 
on LPS-induced NLRP3 inflammasome activation in 
vivo was explored. Hepatic NLRP3 inflammasome 
expression was determined after administration of 
LPS and 4 wk feeding of either HFD (enriched in SFAs) 
or high-PUFA diet (enriched in PUFAs). Short-term 
feeding of HFD significantly enhanced LPS-induced up-
regulation of NLRP3 and IL-1β gene expression when 
compared to NCD (Figure 4A). NLRP3 and caspase-1 
protein expression were also up-regulated in mice fed 
with HFD combined with LPS treatment (Figure 4B). 
Furthermore, caspase-1 activity and IL-1β production 
in liver tissue were significantly increased in HFD mice 
(Figure 4C and D). In contrast, a PUFA-enriched diet 
significantly decreased LPS-induced caspase-1 gene 
and protein expression (Figure 4A and B). Altogether, 
these results revealed that different fatty acids-
enriched diet offered opposite sensitization to LPS-
induced NLRP3 inflammasome activation.

Effect of different fatty acids on NF-κB/PPAR-γ 
expression 
Recent study has shown that NF-κB plays a critical 
role in priming NLRP3 inflammasome. Furthermore, 
PPAR-γ inhibited proinflammatory cytokine expression 
partly by antagonizing activities of the transcription 
factors NF-κB. In the current study, we determined 
NF-κB/PPAR-γ expression in hepatocytes treated 
with different fatty acids. Figure 5A shows that 
DHA treatment significantly increased PPAR-γ  gene 
expression in hepatocytes, but LPS alone as well as 
combined with either PA or DHA treatment decreased 
PPAR-γ expression. However, PPAR-γ protein expression 
was similar in PA and DHA-treated hepatocytes (Figure 
5B). On the other hand, we found PA increased but 
DHA decreased NF-κB p65 protein expression in 
hepatocytes. Furthermore, PA combined with LPS had 
a synthetic effect on p65 NF-κB protein expression, 
while DHA almost completely abolished LPS-induced 

NF-κB activation. Therefore, different fatty acids 
exerted opposite effects on the inflammatory response 
partly through regulating the NF-κB activity.

DISCUSSION
Increasing evidence has suggested that inflammasome 
plays an important role in the insulin resistance and 
development of NAFLD[7-9]. In the current study, we 
confirmed that HFD-induced hepatic simple steatosis 
was sufficient to induce and activate hepatic NLRP3 
inflammasome. Furthermore, different fatty acids 
had opposite effects on the NLRP3 inflammasome in 
hepatocytes. SFAs significantly activated the NLRP3 
inflammasome, while n-3 PUFAs had the potential 
to decrease the activity of NLRP3 inflammasome. In 
addition, different fatty acids transmitted different 
sensitization to LPS-induced activation of NLRP3 
inflammasome in vitro and in vivo. The different 
effects of fatty acids on NLRP3 inflammasome may be 
dependent on the NF-κB/PPAR-γ signaling.

Previous study has shown up-regulation and 
activation of NLRP3 inflammasome in mice models 
of long-term (9 mo) HFD-induced NASH, while there 
was no inflammasome activation in mice models 
of short-term (4 wk) HFD[14]. In the current study, 
14 wk of HFD feeding induced significant hepatic 
steatosis and increased mRNA expression of TNF-α 
and IL-1β. Furthermore, hepatic expression of NLRP3 
and caspase-1 were up-regulated at both mRNA 
and protein levels and caspase-1 activity and IL-1β 
secretion in the liver of HFD-fed mice were significantly 
increased, which indicated inflammasome activation. 
Our previous studies showed no significant lipid 
accumulation in the liver of short-term (4-6 wk) 
HFD-fed mice, but 8-12 wk feeding of HFD induced 
markedly hepatic steatosis[23]. Therefore, HFD-induced 
hepatic steatosis was a prerequisite to induce and 
activate NLRP3 inflammasome. It has been widely 
acknowledged that NLRP3 inflammasome is activated 
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Figure 1  High fat diets induce hepatic steatosis and NOD-like receptor protein 3 inflammasome activation. Wild-type C57BL/6 mice were fed either 
normal control (NC) diet or high-fat diet (HFD) for 14 wk. A: Liver histology (magnification × 100); B: mRNA expression of NLRP3 inflammasome components and 
proinflammatory cytokines, determined by quantitative real-time PCR; C: Protein expression of NLRP3 and caspase-1 in Western blot; D: Caspase-1 activity in liver 
tissue; and E: Mature IL-1β secretion in liver. Values are Mean ± SEM, aP < 0.05, bP < 0.01 vs NC; n = 10 animals per group. NLRP3: NOD-like receptor protein 3; 
GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase; IL-1β: Interleukine-1 beta.
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Figure 2  Effect of different fatty acids on NOD-like receptor protein 3 inflammasome activation in hepatocytes. Primary hepatocytes were isolated from 
wild-type C57BL/6 mice and were treated with either palmitic acid (PA, 0.5 mmol/L) or docosahexaenoic acid (DHA, 50 μmol/L). A: Lipid deposition in hepatocytes 
after exposure to PA or DHA for 24 h; B: mRNA expression of NLRP3 inflammasome components after FFAs treatment for 6 h; C: Protein expression of NLRP3 and 
caspase-1 in Western blot; D: Caspase-1 activity and E: Culture supernatant IL-1β level. Values are Mean ± SEM, aP < 0.05, bP < 0.01 vs normal control (NC), n = 3 
experiments. NLRP3: NOD-like receptor protein 3; GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase; LPS: Lipopolysaccharide; IL-1β: Interleukine-1 beta.
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Figure 3  Combined effect of free fatty acids with lipopolysaccharide on NOD-like receptor protein 3 inflammasome activation in hepatocytes. Primary 
hepatocytes were isolated and treated with either PA (0.5 mmol/L) or DHA (50 μmol/L) combined with LPS (1 μg/mL). A: mRNA expression of NOD-like receptor 
protein 3 (NLRP3) inflammasome components; B: Protein expression of NLRP3 and caspase-1; C: Caspase-1 activity; and D: Culture supernatant IL-1β level. Values 
are mean ± SEM, aP < 0.05, bP < 0.01 vs LPS control, n = 3 experiments. NF-κB: Nuclear factor-kappa B; PA: Palmitic acid; DHA: Docosahexaenoic acid; LPS: 
Lipopolysaccharide; FFAs: Free fatty acids; GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase. IL-1β: Interleukine-1 beta 
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by PAMPs or DAMPs[5,6,24]. Excessive intracellular lipid 
droplet deposition has been thought as one of the 
endogenous DAMPs[12]. Therefore, hepatic steatosis 
may initiate NLRP3 inflammasome gene expression 
through metabolic stress-induced endogenous DAMPs. 
Furthermore, FFAs derived from HFD could directly 
stimulate TLRs and activate inflammasome as a 
second stimulus. Altogether, HFD-induced hepatic 
steatosis was sufficient to induce and activate hepatic 
NLRP3 inflammasome, which may contribute to the 
development of NAFLD.

FFAs, usually elevated in the plasma of NASH patients 
and animal models of NAFLD, have been proposed to 
promote inflammatory responses by directly engaging 

TLRs and inducing NF-κB-dependent production of 
inflammatory cytokines[10-12]. Recently, emerging 
evidence demonstrated that FFAs activated the 
inflammasome[13,14,25]. Wen et al[13] demonstrated the 
SFA palmitate could activate the NLRP3 inflammasome-
dependent IL-1β secretion from murine macrophages. 
Reynolds CM found palmitate induced IL-1β secretion 
in dendritic cells through a caspase-1/ASC/NLRP3-
dependent pathway[25]. These results implicated 
that dietary SFAs served as DAMPs to induce NLRP3 
inflammasome; however, SFAs only showed a priming 
role on NLRP3 inflammasome. In the current study, we 
found exposure to dietary PA induced significant lipid 
deposition in hepatocytes. The lipid-loaded hepatocytes 

2541 February 28, 2016|Volume 22|Issue 8|WJG|www.wjgnet.com

A NLRP3

m
R
N

A 
re

la
tiv

e 
ex

pr
es

si
on

 
(r

at
io

 w
ith

 b
-a

ct
in

)

2.5

2.0

1.5

1.0

0.5

0.0
NC + LPS HFD + LPS PUFA + LPS

b GAPDH

NLRP3

Procaspase-1

Caspase-1 p10

NC + LPS HFD + LPS PUFA + LPSB

Caspase-1

m
R
N

A 
re

la
tiv

e 
ex

pr
es

si
on

 
(r

at
io

 w
ith

 b
-a

ct
in

)

2.0

1.5

1.0

0.5

0.0
NC + LPS HFD + LPS PUFA + LPS

a

IL-1b

m
R
N

A 
re

la
tiv

e 
ex

pr
es

si
on

 
(r

at
io

 w
ith

 b
-a

ct
in

)

2.5

2.0

1.5

1.0

0.5

0.0
NC + LPS HFD + LPS PUFA + LPS

b

Caspase-1 activity

Fo
ld

 c
ha

ng
e

2.0

1.5

1.0

0.5

0.0
NC + LPS HFD + LPS PUFA + LPS

a

C

IL-1b

IL
-1
b 

(p
g/

m
L 

pe
r 

m
ill

ig
ra

m
)

100

80

60

40

20

0
NC + LPS HFD + LPS PUFA + LPS

a

D

Figure 4  Effect of different fatty acid diets combined with lipopolysaccharide on hepatic NOD-like receptor protein 3 inflammasome in vivo. Wild-type 
C57BL/6 mice were fed either normal control (NC) diet, high-fat diet (HFD) or PUFA-enriched diet (PUFA) for 4 wk and then injected with LPS (1.5 mg/kg) before 
being sacrificed. Liver tissues were obtained for the following analysis. A: mRNA expression of NLRP3 inflammasome components; B: Protein expression of NLRP3 
and caspase-1; C: Caspase-1 activity; and D: Mature IL-1β secretion in liver. Values are mean ± SEM, aP < 0.05, bP < 0.01 vs NC + LPS, n = 5 animals per group. 
NLRP3: NOD-like receptor protein 3; GAPDH: Reduced glyceraldehyde-phosphate dehydrogenase; LPS: Lipopolysaccharide; IL-1β: Interleukine-1 beta.

Sui YH et al . Dietary fatty acids and NLRP3 inflammasome



exhibited not only up-regulated NLRP3 inflammasome 
expression and pro-IL-1β gene transcription, but also 
increased caspase-1 activity and IL-1β secretion. 
Our results indicated that SFAs alone could directly 
induce and activate NLRP3 inflammasome and 
initiate inflammatory responses in hepatocytes. The 
discrepancy between ours and others was mainly due 
to the different cell types studied. Hepatocytes were 
the major place of lipid metabolism and excessive 
lipid deposition in hepatocytes led to lipotoxicity. 
Recent study has demonstrated that SFAs enhanced 
endoplasmic reticulum stress and induced production 
of ROS, which were sufficient for the induction of 
IL-1β production via activation of the NF-κB and 
inflammasome pathways[26]. Therefore, endogenous 
DAMPs associated with excessive intracellular lipid 
deposition may serve as both a priming and activating 
signal on NLRP3 inflammasome. On the other hand, we 
found n-3 PUFAs had no effect on IL-1β secretion and it 
even decreased NLRP3 inflammasome gene expression 
to some extent. Recently, Yan et al[16] reported that 
omega-3 fatty acids inhibited the NLRP3 inflammasome 
activation in macrophages. L’homme et al[15] found 
unsaturated fatty acids abolished SFA-induced NLRP3 
inflammasome activation and inhibited subsequent 
caspase-1 activation and IL-1β secretion in human 
monocytes/macrophages. These results indicated 
different dietary fatty acids exerted opposite roles in 
the activation of the NLRP3 inflammasome. Taken 

together, SFAs, the main fatty acids derived from HFD, 
may contribute to the development of NAFLD through 
activating NLRP3 inflammasome, at least partly. In 
contrast, PUFAs had the potential to play a protective 
role in NAFLD.

The level of bacterial endotoxin (or LPS) is 
increased in the portal and/or systemic circulation 
in NFALD[27]. Emerging evidence supported the role 
of gut-derived endotoxin in the pathogenesis of 
NAFLD. LPS was recognized by TLRs and activated 
the signaling pathway to produce proinflammatory 
cytokines such as TNF-α, which further increased 
lipid accumulation and decreased β-oxidation of fatty 
acids[28,29]. Previous studies demonstrated LPS directly 
induced and activated the NLRP3 inflammasome in the 
liver[21,30]. Furthermore, SFAs enhanced sensitization 
to LPS-induced inflammasome activation and IL-1β 
release in hepatocytes. In the current study, we found 
that SFAs increased but PUFAs decreased sensitization 
to LPS-induced NLRP3 inflammasome activation and 
subsequent IL-1β secretion in hepatocytes. A similar 
result was observed in vivo. HFD increased sensitization 
to LPS-induced hepatic NLRP3 inflammasome activation 
in vivo, while a PUFA-enriched diet had the potential 
to inhibit LPS-induced hepatic NLRP3 inflammasome 
activation to some extent. Taken altogether, HFD or 
SFAs and LPS cooperatively contributed to NLRP3 
inflammasome activation, which may play an 
important role in the progression of NAFLD to NASH. 
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Figure 5  Effect of different fatty acids on nuclear factor-kappa B/peroxisome proliferator-activated receptor-γ expression. Primary hepatocytes were isolated 
and treated with PA (0.5 mmol/L), DHA (50 μmol/L) or LPS (1 μg/mL) alone or both of them. (A) mRNA expression of PPAR-γ, (B) Protein expression of NF-κB and 
PPAR-γ. Values are mean ± SEM, aP < 0.05, bP < 0.01 vs control, n = 3 experiments. PPAR-γ: Peroxisome proliferator-activated receptor-γ; NF-κB: Nuclear factor-
kappa B; PA: Palmitic acid; DHA: Docosahexaenoic acid; LPS: Lipopolysaccharide.
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In contrast, PUFAs had an inhibitory effect on NLRP3 
inflammasome and decreased LPS-induced NLRP3 
inflammasome activation, indicating a new protective 
and anti-inflammatory function of PUFAs. 

We found different fatty acids or diets oppositely 
regulated the activity of NLRP3 inflammasome, but 
the underlying possible mechanism involved was not 
elucidated. It has been shown that SFAs were able to 
activate TLR4 signaling to induce gene expression of 
diverse proinflammatory cytokines by regulating the 
transcription factors, including NF-κB[12]. In contrast, 
PUFAs were verified to reduce lipid accumulation 
and improve insulin sensitivity through regulating 
transcription factors, such as PPAR-γ, to exert anti-
inflammatory responses[31]. Recently, studies have 
shown that NF-κB signaling was necessary for proper 
activation of the NLRP3 inflammasome. Bauernfeind 
FG demonstrated that NF-κB inhibition led to reduction 
of NLRP3 inflammasome expression induced by LPS[30]. 
Furthermore, some studies demonstrated that PPAR-γ 
inhibited proinflammatory cytokine gene expression 
partly by antagonizing activities of the transcription 
factors AP-1, STAT and NF-κB[32]. In the present study, 
we found SFAs increased but PUFAs decreased NF-κB 
p65 protein expression in hepatocytes. Furthermore, 
SFAs combined with LPS had a synthetic effect on 
p65 NF-κB protein expression, while PUFAs almost 
completely abolished LPS-induced NF-κB activation. 
However, PPAR-γ protein expression was similar in 
hepatocytes treated with SFAs or PUFAs. Our result 
was similar to other reports. Recently, Williams-Bey 
Y found that DHA suppressed macrophage inflam
masome activation by inhibiting NF-κB activation 
and also potently reduced LPS-induced nuclear 
translocation of p65 NF-κB[33]. Therefore, different 
dietary fatty acids oppositely regulated the activity 
of NLRP3 inflammasome through directly regulating 
NF-κB activation, which may play a crucial role in the 
progression or improvement of NAFLD.

In conclusion, our study confirmed that HFD-
induced hepatic steatosis was sufficient to induce 
and activate hepatic NLRP3 inflammasome, which 
played an important role in the development of 
NAFLD. Moreover, SFAs directly activated NLRP3 
inflammasome and increased sensitization to LPS-
induced inflammasome activation, while PUFAs had the 
potential to inhibit NLRP3 inflammasome expression 
and abolished LPS-induced NLRP3 inflammasome 
activation. Different fatty acids oppositely regulated 
NLRP3 inflammasome activity through direct activation 
or inhibition of NF-κB. 

COMMENTS
Background
Increasing evidence has suggested chronic and systemic low-grade 
inflammation plays an important role in the pathogenesis of non-alcoholic 
fatty liver disease (NAFLD). Free fatty acids have been proposed as a major 
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important regulator of inflammation.

Research frontiers
Recent studies suggest a critical role for the NOD-like receptor protein 3 
(NLRP3) inflammasome in obesity and its complications. Elevated reactive 
oxygen species levels, mitochondria damage and lysosomal rupture have been 
proposed to participate in NLRP3 inflammasome activation but little is known 
about fatty acids to positively or negatively regulate NLRP3 inflammasome 
activation.
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and the effector caspase-1. Two-signal hypothesis is accepted in inflammasome 
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