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A B S T R A C T

NOD-, LRR- and pyrin domain-containing 3 (NLRP3) inflammasome and triggering receptor expressed on
myeloid cells-1 (TREM-1) are considered critical orchestrators of the inflammatory response in acute lung injury
(ALI). However, few assumptions are based on the relationship between them. Here, we investigated the effect of
NLRP3 inflammasome activation on the TREM-1 expression in lipopolysaccharide (LPS)-induced ALI and mac-
rophages. We found that inhibition of the NLRP3 inflammasome reduced the TREM-1 expression and patholo-
gical lung injury in mice with ALI. Then, primary murine macrophages were used to dissect the underlying
mechanistic events of the activation NLRP3 inflammasome involved in the TREM-1 expression. Our results
demonstrated that the conditioned medium (CM) from NLRP3 inflammasome-activated-macrophages up-regu-
lated the TREM-1 expression in macrophages, while this effect was reversed by an NLRP3 inflammasome in-
hibitor MCC950. Furthermore, neutralizing antibodies anti-IL-18 and anti-HMGB1 reduced the TREM-1 ex-
pression induced by NLRP3 inflammasome activation. Mechanistically, we found that CM from NLRP3
inflammasome-activated-macrophages increased the level of inhibitor κB kinase protein phosphorylation (p-
IκBα) and reactive oxygen species (ROS) content, and promoted IκBα protein degradation in macrophages.
While the inhibition of nuclear factor kappa-B (NF-κB) and scavenging ROS eliminated the up-regulation of
TREM-1 induced by the NLRP3 inflammasome activation in macrophages. In summary, our study confers NLRP3
inflammasome as a new trigger of TREM-1 signing, which allows additional insight into the pathological of the
inflammatory response in ALI.

1. Introduction

Acute respiratory distress syndrome (ARDS) is a progressive life-
threatening form of respiratory failure. It is characterized by an un-
controlled inflammatory response, alveolar-capillary barrier damage,
and non-cardiogenic pulmonary edema [1]. Recently, a severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has affected over
200 countries [2]. ARDS is the leading cause of mortality of severe

patients with SARS-CoV-2 infection [3]. Although the term acute lung
injury (ALI) is no longer used clinically, it is widely used in experi-
mental settings [4]. One hallmark of ARDS is the accumulation of im-
mune cells in the lungs, resulting in tremendous inflammatory cytokine
release [5]. Other groups and we have identified that NOD-, LRR- and
pyrin domain-containing 3 (NLRP3) inflammasome and triggering re-
ceptor expressed on myeloid cells-1 (TREM-1) as crucial effector mo-
lecules in ARDS [6–9].
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The NLRP3 inflammasome is a crucial intracellular multiprotein
complex, consisting of NLRP3, an adaptor apoptosis-associated speck-
like protein (ASC), and an effector (caspase-1) [10]. The NLRP3 in-
flammasome mediates the secretion of potent inflammatory mediators
[11], and its activation requires two steps. The first step is a priming
event mediating the transcription of pro-caspase-1, pro-interleukin
(IL)‐1β, and pro-IL-18 mainly via nuclear factor kappa-B (NF-κB). The
second step is the activation, which is recognized with danger-asso-
ciated molecular patterns (DAMPs), such as nigericin and extracellular
adenosine triphosphate (ATP) [12]. The NLRP3 inflammasome activa-
tion facilitates pro-caspase-1 self-cleavage into active caspase-1 and
mediates the release of IL-1β, IL-18, and high-mobility group protein B1
(HMGB1) [13]. These cytokines are crucial in patients with ALI/ARDS.

TREM-1 is known as an activating receptor primarily expressed on
macrophages and neutrophils [14]. The activation of TREM-1 initiates
inflammatory responses independently, as well as by cross-talking with
Toll-like receptors (TLRs) and nucleotide-binding oligomerization do-
main (NOD)-like receptors (NLRs) [15]. The agonistic antibody for
TREM-1 results in the production of various pro-inflammatory cyto-
kines (such as TNF-α and IL-1β) and chemokines (such as IL-8). TREM-1
also regulates neutrophil and monocyte migration to inflammatory sites
[16]. Although the natural ligands for TREM-1 remain elusive, its
crucial role in acute inflammation has been demonstrated. We have
reported that antagonistic peptide of TRME-1 (LR12) inhibits the
NLRP3 inflammasome activation in a murine model of ALI induced by
lipopolysaccharide (LPS) [7], indicating that activation of TREM-1
could activate the NLRP3 inflammasome. However, the effect of NLRP3
inflammasome activation on TREM-1 expression remains elusive. Here,
we investigated whether activation of NLRP3 inflammasome up-regu-
lated TREM-1 expression in the lungs of ALI mice.

2. Materials and methods

2.1. Mice

Male C57BL/6 mice (18 ± 2 g) were purchased from the Hunan
SJA Laboratory Animal Co., Ltd (Hunan, China). The mice were kept in
a specific pathogen-free environment with 50%-60% humidity,
24–26 °C, and 12-h light/dark cycle. All animal procedures in the
present study were approved by the Ethics Committee Institute of
Clinical Pharmacology at Central South University (Changsha, China).

2.2. ALI mouse model

Mice were randomly divided into the control, ALI, and
ALI + MCC950 groups (8 mice per group). ALI was induced by tracheal
injection of 5 mg/kg LPS (from E. coli O111:B4, Sigma-Aldrich, USA) in
50 μL of sterile saline as our previous report [17]. Mice in the control
group received 50 μL saline intratracheally. Mice in the ALI + MCC950
and control groups were intraperitoneally injected (i.p.) with MCC950
(20 mg/kg) or vehicle (PBS) 2 h before the LPS injection. Mice were
euthanized 6 h after LPS injection. All surgeries were performed under
anesthesia with sodium pentobarbital (80 mg/kg, i.p.).

2.3. Histological analysis

Lung tissue from LPS-treated mice with or without MCC950 ad-
ministration was collected. The lungs were fixed in 10% formalin and
embedded in paraffin. Multiple sections (5-µm) were stained with
Hematoxylin-Eosin (H&E).

2.4. Peritoneal macrophages isolation and culture

The isolation of peritoneal macrophages was described previously
[6]. C57BL/6 mice received an intraperitoneal injection of 3% sterile
thioglycollate (3 mL/mouse, Sigma-Aldrich, USA). Three days later,

cells were isolated and cultured in RPMI-1640 (Gibco, Life Technolo-
gies, Carlsbad, CA), contenting 10% fetal bovine serum at 37 °C. Two
hours later, non-adherent cells were washed.

2.5. Conditioned media preparation and treatment of macrophages

Primary murine peritoneal macrophages were seeded at 1 × 106

cells/mL in culture plate and cultured overnight. All cells were primed
with LPS (100 ng/mL, Sigma-Aldrich, USA) for 135 min. The medium
was then removed and replaced with fresh medium containing DMSO
(1:1000) or a selective NLRP3 inflammasome inhibitor MCC950 (5 μM,
Sigma-Aldrich, USA) for 30 min. Cells were then stimulated with
NLRP3 inflammasome activator ATP (5 mM, Solarbio, China) for
45 min. The supernatant as a conditioned medium (CM-CON, CM-LA,
and CM-LA + MCC950) was collected by centrifugation at 12000g for
10 min, and then diluted at 1:20, 1:10, and 1:5 with RPMI-1640
(containing serum).

Macrophages were treated with CM for 6 h or 24 h for total RNA
extraction or Western-blotting. To estimate the mechanism by which
NLRP3 inflammasome activation promoted TREM-1 expression, we
treated macrophages with an NF-κB selective inhibitor (BAY 11-7082,
5 μM, Sigma-Aldrich) or ROS scavenger NAC (100 μM, Sigma-Aldrich,
USA) for 30 min then exposed to 20% CM-LA for 6 h or 24 h. Peritoneal
macrophages also were treated with different doses of IL-1β (Sigma-
Aldrich, USA), HMGB1 (Biolegend, USA), or IL-18 (Biolegend, USA).
Furthermore, to identify whether the effect of NLRP3 inflammasome on
TREM-1 expression is via HMGB1 and IL-18, neutralizing antibodies of
anti-IL-18 (20 μg/mL, R&D Systems, USA) and anti-HMGB1 (20 μg/mL,
NOVUS, USA) were applied in CM-LA-stimulated macrophages.

2.6. Western blotting analysis

Cell lysates and lung tissue homogenates were prepared in RIPA
buffer (Beyotime, Jiangsu, China) supplemented with protease in-
hibitors (Roche, Mannheim, Germany). Equal amounts of protein were
subjected to SDS-PAGE gels and transferred to polyvinylidene di-
fluoride membranes (Millipore, USA). After blocked in 5% fat-free milk
or bovine serum albumin at room temperature for 1.5 h, the membranes
were probed with primary antibody against TREM-1 (1:1000;
Proteintech, China), β-actin (1:7500; SAB, USA), α-tubulin (1:5000;
Servicebio, China), inhibitory κB kinase (IκB) (1:2000; Beyotime
Biotechnology, China) and p-IκB (1:1000; immunoway, China).
Horseradish peroxidase-conjugated secondary antibodies (1:1000; Cell
Signaling Technology, USA) and enhanced chemiluminescence
(Millipore, USA) were applied to detect protein content. Images were
collected using ChemiDoc XRS (Bio-Rad, USA). Bands were quantified
using the Image Lab Analyzer software (Bio-Rad). β-actin and α-tubulin
were used as internal control.

2.7. Real-time PCR

Total RNA from macrophage or lung tissue was extracted with
RNAiso (TaKaRa, Japan). Approximately 1 μg of RNA was synthesized
into cDNA via the PrimeScript RT reagent Kit (TaKaRa). Gene expres-
sion was measured by qPCR using SYBR Green Ultra Mixture (TaKaRa)
on a Bio-Rad real-time PCR system (CFX96 Touch™, Bio-Rad, USA). The
cycling program was initiated with 30 s at 95 °C, 15 s at 95 °C for 40
cycles, and 30 s at 60 °C. Gene expression profiles were normalized to β-
actin. Relative expression of genes was calculated by the 2−ΔΔCt method
according to our previous study [18]. Primer sequences are in Table1.

2.8. Mitochondrial ROS measurement

Mitochondrial ROS was measured by staining with MitoSOX™ Red
mitochondrial superoxide indicator (Invitrogen Life Technologies).
Macrophages were seeded in 96-well plates and stimulated with CM-
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CON, CM-LA, or CM-LA + MCC950 for 3 h. Then cells were incubated
with 5 µM MitoSOX reagent for 10 min at 37 °C in the dark. The cells
were then gently washed twice with Hank’s. The fluorescence intensity
was detected by Varioskan Flash (Thermo Fisher Scientific, USA) to
estimate mitochondrial ROS levels.

2.9. Statistical analysis

All values were obtained from three independent experiments and
expressed as the mean ± standard deviation. Statistical analyses were
carried out using GraphPad Prism 7.0 (San Diego, CA, USA). Differences
between the two groups were made with unpaired t-test. For compar-
isons among multiple groups, a one-way analysis of variance (ANOVA)
was used. P-value < 0.05 was regarded statistically significant.

3. Results

3.1. NLRP3 inflammasome inhibition reduces the lung injury and TREM-1
expression in the lungs

We first investigated whether NLRP3 inflammasome activation
contributed to the progression of LPS-induced acute lung injury. NLRP3
inflammasome inhibitor MCC950 (20 mg/kg, i.p) was employed at 2 h
before LPS administration. In association with the collapse of the al-
veoli, inflammatory cell influx and a thickened septum were observed
in ALI mice’s lungs. These characteristic features of ALI were

remarkably alleviated by MCC950 pre-treatment (Fig. 1A). Our pre-
vious study indicated that TREM-1 acts as a crucial amplifier of in-
flammation in ALI [7]. We then evaluated the effect of NLRP3 in-
flammasome activation on TREM-1 expression in vivo. The results
showed that MCC950 pre-treatment remarkably reduced TREM-1
mRNA and protein expression in the lungs of ALI mice (Fig. 1B–D).
Additionally, MCC950 pre-treatment significantly inhibited IκB protein
degradation and decreased NF-κB activation (Fig. 1C, E). These results
demonstrate that inhibition of NLRP3 inflammasome activation reduces
the lung injury and TREM-1 expression in vivo.

3.2. CM from NLRP3 inflammasome-activated macrophages induces
TREM-1 expression

Macrophages are considered as crucial orchestrators of the in-
flammatory response in ALI [19]. We used peritoneal macrophages to
evaluate the effect of CM derived from NLRP3 inflammasome-activated
macrophages on TREM-1 expression in vitro. Macrophages were sti-
mulated with or without LPS + ATP to collect the cell culture super-
natants as CM (CM-CON and CM-LA). Then, the CM was used to in-
cubate macrophages. An increase in TREM-1 mRNA and protein
expression was observed after exposure to CM-LA in macrophages
(Fig. 2A-C). Besides, NLRP3 inflammasome inhibitor (MCC950, 5 μM)
was applied 5 min before ATP treatment, and the conditioned medium
(CM-LA + MCC950) was collected. A decrease in TREM-1 mRNA and
protein expression was observed after exposure to CM-LA+MCC950 in
macrophages (Fig. 2D–E). These data indicate that NLRP3 inflamma-
some activation induces TREM-1 expression via CM-LA stimulation in
macrophages.

3.3. TREM-1 expression is up-regulated by CM from NLRP3 inflammasome-
activated macrophages via the NF-κB pathway

NF-κB is the most critical transcription factor mediating the

Table 1
Sequences of the primers used in this study.

Gene Forward primer (5′-3′) Reverse primer (5′-3′)

Trem-1 CTGTGCGTGTTCTTTGTC CTTCCCGTCTGGTAGTCT
Nf-κb GGAGGCATGTTCGGTAGTGG CCCTGCGTTGGATTTCGTG
β-actin TTCCAGCCTTCCTTCTTG GGAGCCAGAGCAGTAATC

Fig. 1. NLRP3 inflammasome inhibition reduces
pathological lung injury and TREM-1 expression
in the lungs of ALI mice. C57BL/6 mice were
intraperitoneally injected with MCC950 2 h be-
fore the LPS administration (5 mg/kg, i.t.). Six
hours after the LPS exposure, H&E staining of
lung histopathology was performed (A). Trem-1
mRNA in the lungs was determined by real-time
PCR (B, n = 8). TREM-1 and IκB protein in the
lungs were detected by Western blotting (C-E,
n = 8). The data are expressed as the
mean ± SD. * P < 0.05, ** P < 0.01, and ***
P < 0.001.
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expression of TREM-1. We found that NF-κB mRNA expression, p-IκBα
lever, and IκB protein degradation were significantly increased in
macrophages exposed to CM-LA in a dose-dependent manner
(Fig. 3B–F). While CM-LA + MCC950 treatment reversed these al-
terations and inhibited the NF-κB activation (Fig. 3B–F). Furthermore,
Macrophages were treated with NF-κB selective inhibitor (BAY
11–7082, 5 μM) for 30 min then exposed to CM-LA (20%, v/v) for 6 h
(Fig. 3A). The up-regulation of TREM-1 expression induced by CM-LA is
remarkably suppressed by BAY 11-7082 (Fig. 3G–I). Altogether, these
data indicate that CM from NLRP3 inflammasome-activated macro-
phages up-regulates TREM-1 expression via the NF-κB pathway.

3.4. TREM-1 expression is up-regulated by CM from NLRP3 inflammasome-
activated macrophages through ROS/NF-κB signaling

Next, we investigated the mechanism underlying the activation of
NF-κB induced by CM-LA. We found that mitochondria ROS (mitoROS)
production was significantly increased in macrophages treated to 20%
CM-LA, while CM-LA + MCC950 treatment reduced the mitoROS
production (Fig. 4B). Furthermore, ROS scavenger NAC (100 μM) pre-
treatment significantly reversed the expression of TREM-1 induced by
CM-LA (Fig. 4C–E). Since ROS is an upstream signal for NF-κB, we
found that NAC pre-treatment significantly diminished p-IκBα lever and
IκB protein degradation induced by CM-LA (Fig. 4F–I). These results
imply that NLRP3 inflammasome activation induces TREM-1 expression

via ROS/NF-κB signaling.

3.5. HMGB1 and IL-18 mediate the up-regulation of TREM-1 expression
induced by CM-LA in macrophages

Lastly, we investigated the molecules in CM-LA mediating TREM-1
expression. We found that IL-β, IL-18, and HMGB1 were significantly
increased in the CM of macrophages stimulated by LPS + ATP (Figure
S1 and Figure S2). HMGB1 and IL-18 remarkably up-regulated TREM-1
mRNA and protein expressions in macrophages in a dose-dependent
manner (Fig. 5A–F). However, IL-1β did not affect TREM-1 expression
(Fig. 5J–L). To identify whether HMGB1 and IL-18 mediate the effect of
NLRP3 inflammasome on TREM-1 expression, we used neutralization
antibodies of anti-IL-18 and anti-HMGB1. We found that CM-LA-in-
duced TREM-1 expression was significantly reduced in the presence of
neutralization antibodies of anti-IL-18 or/and anti-HMGB1 (Fig. 5G–I).
Furthermore, HMGB1 and IL-18 treatment also promoted IκB protein
degradation in macrophages (Fig. 5M, N). These data indicate that
HMGB1 and IL-18 but not IL-1β in CM-LA mediate the up-regulation of
TREM-1 expression in macrophages.

4. Discussion

Although NLRP3 inflammasome and TREM-1 are assumed to play
causative roles in ALI inflammatory progression, their relationship

Fig. 2. Conditioned medium from NLRP3 in-
flammasome-activated macrophages induces
TREM-1 expression. A: The protocol for condi-
tioned medium experimentation. LPS-primed
peritoneal macrophages were subsequently sti-
mulated for 30 min with 5 mM of ATP. NLRP3
inflammasome inhibitor (MCC950, 5 μM) was
applied 5 min before ATP treatment. Cell culture
supernatants (CM-CON, CM-LA, and CM-
LA + MCC950) were collected and diluted at
1:20, 1:10, and 1:5 with RPMI-1640. Then, the
CM was used to incubate macrophages. Real-
time PCR and western blotting were used to
detect the TREM-1 expression in macrophage
treated with CM-CON or CM-LA (B-D, n = 3).
Real-time PCR and western blotting were used to
detect the TREM-1 expression in macrophage
treated with CM-CON, CM-LA, or CM-
LA + MCC950 (20%, v/v) (E-G, n = 3). The
data are expressed as the mean ± SD. *
P < 0.05, ** P < 0.01, and *** P < 0.001.
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remains elusive. In this work, we investigated the effects of NLRP3
inflammasome activation on the expression of TREM-1 in primary
macrophages and dissected the underlying mechanisms. Our results
demonstrated that conditioned media from NLRP3 inflammasome-ac-
tivated macrophages up-regulated TREM-1 expression by secreting

soluble molecules HMGB1 and IL-18, which activated a ROS-NF-κB
signaling. We further extended these findings in showing NLRP3 in-
flammasome inhibition reduced the pathological lung injury and
TREM-1 expression in mice. Our study provides a novel mechanism of
NLRP3 inflammasome on the inflammatory cascade.

Fig. 3. TREM-1 expression is up-regulated by conditioned medium from NLRP3 inflammasome-activated macrophages via the NF-κB pathway. A: The protocol for
conditioned medium experimentation. Macrophages were incubated with CM-CON, CM-LA, or CM-LA + MCC950. NF-κB mRNA expression was determined by real-
time PCR 6 h later (B, n = 3), and p-IκBα, IκB protein was detected by western blotting 24 h later (C-F, n = 3). Macrophages were treated with NF-κB selective
inhibitor (BAY 11–7082, 5 μM) for 30 min, then exposed to 20% CM-LA. Trem-1 mRNA expression was detected by real-time PCR 6 h later (G, n = 3), and TREM-1
protein expression was determined by western blotting 24 h later (H-I, n = 3). The data are expressed as the mean ± SD. ** P < 0.01 and *** P < 0.001.

Fig. 4. TREM-1 expression is up-regulated by CM from NLRP3 inflammasome-activated macrophages through ROS-NF-κB signaling. A: The protocol for conditioned
medium experimentation. Macrophages were treated with ROS scavenger NAC (100 μM) for 30 min, then exposed to 20% CM-LA. Fluorescence density of mitoROS
was measured in macrophages treated with CM-CON, CM-LA, or CM-LA +MCC950 for 3 h (B, n= 3). Trem-1mRNA expression was determined by real-time PCR (C,
n= 3). TREM-1 (D-E, n= 3), p-IκB, and IκB (F-I, n= 3) protein expressions were detected by western blotting 24 h later. The data are expressed as the mean ± SD.
* P < 0.05, ** P < 0.01, and *** P < 0.001.
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NLRP3 inflammasome is a cytoplasmic receptor and mediates the
release of pro-inflammatory cytokines, such as IL-1β, IL-18, and
HMGB1 [20,21]. Elevated IL-18 and HMGB1 occur in ALI patients and
have been associated with a poor long-term prognosis in ALI [22,23].
NLRP3 inflammasome has emerged as a novel strategy for the pre-
vention and treatment of ALI [24]. NLRP3 inflammasome-amplified
production of pro-inflammatory cytokines represents a key pathogenic
event. However, the mechanical events of NLRP3 inflammasome pro-
moting inflammatory cascade have not been understood completely.
Our previous study found that blocking TREM-1 inhibits NLRP3 in-
flammasome activation in LPS-induced ALI [7]. Although the specific
ligands for TREM-1 are not well elucidated, HMGB1 released by NLRP3
inflammasome activation has been identified as a TREM-1 binding
protein [25]. Therefore, we hypothesized that NLRP3 inflammasome
activation could induce TREM-1-amplified responses. Here, our results
showed that inhibition of NLRP3 inflammasome reduced TREM-1 ex-
pression in ALI. Additionally, conditioned media from NLRP3 in-
flammasome-activated macrophages induced TREM-1 expression,
which was reversed by an NLRP3 inflammasome inhibitor MCC950. We
also found that HMGB1 and IL-18 induced TREM-1 expression in
macrophages. Pre-treatment with neutralization antibodies of anti-IL-
18 and anti-HMGB1 reduced TREM-1 expression induced by NLRP3
inflammasome activation. Our results indicate that NLRP3 inflamma-
some activation induces TREM-1 expression by secreting HMGB1 and
IL-18.

Regulating TREM-1 expression has emerged as a novel therapeutic

target for ALI [9]. As an inflammatory amplifier, TREM-1 plays a cru-
cial role in the pathophysiology of inflammatory diseases, such as sepsis
and neuroinflammatory injury [26,27]. TREM-1 blockade attenuates
inflammatory disease’s clinical manifestation and progression [28,29].
TREM-1 signaling also is the central component of the pulmonary in-
flammatory response during ALI. Therefore, the mechanism to trigger
TREM-1 signaling has attracted our attention. For example, TREM-1
expression in monocytes is dependent on the cyclooxygenase (COX)-2
pathway and is mediated by prostaglandin E2 (PGE2) [30]. Our pre-
vious studies found that transforming growth factor-β1 (TGF-β1) up-
regulates TREM-1 expression [31], while vasoactive intestinal peptide
(VIP) and epoxyeicosatrienoic acids (EETs) down-regulate TREM-1
expression induced by LPS in macrophages [32,33]. In this study, we
established a novel link between NLRP3 inflammasome and TREM-1 for
the first time. Our previous study indicated that TREM-1-amplified
signals facilitate NLRP3 inflammasome priming and activation in LPS-
induced ALI [7]. And another study proposed that TREM-1 could acti-
vate NLRP3 inflammasome through interacting with spleen tyrosine
kinase (Syk) in experimental ischemic stroke [26]. Our study demon-
strated that the NLRP3 inflammasome activation induced TREM-1-
amplified response, forming a positive feedback loop and enhancing the
inflammatory response.

We also provide a mechanism by which NLRP3 inflammasome ac-
tivation promotes the expression of TREM-1 in macrophages. Previous
studies indicate that NF-κB modulates the TREM-1 expression. Viral
proteins from human immunodeficiency virus up-regulate TREM-1

Fig. 5. HMGB1 and IL-18 but not IL-1β mediate the up-regulation of TREM-1 in macrophages. Peritoneal macrophages were treated with different doses of HMGB1,
IL-18, or IL-1β. Trem-1 mRNA expression was detected by Real-time PCR 6 h later (A, D, J, n= 3). TREM-1 protein expression was detected by western blotting 24 h
later (B, C, E, F, K, L, n= 3). Macrophages were treated with neutralizing antibodies of anti-IL-18 (20 μg/mL) and anti-HMGB1 (20 μg/mL) for 30 min, then exposed
to 20% CM-LA. TREM-1 protein expression was detected by western blotting 24 h later (G-I, n= 3). Macrophages were stimulated with HMGB1 (2.5 μg/mL) or IL-18
(50 ng/mL) for 24 h. IκB protein expression was detected by western blotting (M−N, n= 3). The data are expressed as the mean ± SD. * P < 0.05, ** P < 0.01,
and *** P < 0.001.
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expression though NF-κB signaling [34]. When NF-κB and IKBα are
depolymerized, IKBα is phosphorylated and subsequently degraded by
the ubiquitin–proteasome pathway. Then, NF-κB is transported into the
nucleus to facilitate NF-κB dependent gene transcription [35]. Here, we
showed that inhibition of NLRP3 inflammasome activation reduced IκB
degradation in ALI mice’s lungs. Inhibition of NF-κB attenuated TREM-1
expression induced by CM from NLRP3 inflammasome-activated mac-
rophages. Furthermore, we found that HMGB1 and IL-18 alone induced
IκB degradation and activated NF-κB. Taken together, these findings
suggest that TREM-1 expression is up-regulated by NLRP3 inflamma-
some activation via the NF-κB pathway. It is known that ROS triggers
NF-κB activation in several ways [36]. ROS influences the degradation
of IκB, promoting NF-κB nuclear translocation [37]. Our findings in-
dicate that TREM-1 expression is up-regulated by NLRP3 inflammasome
through ROS-NF-κB signaling in macrophages.

Our study has several limitations. First, the mechanistic link be-
tween NLRP3 inflammasome and TREM-1 signing in macrophages re-
quires further investigation. Our data suggest that NLRP3 inflamma-
some activation triggers TREM-1 expression via ROS-NF-κB signaling.
Other molecular events and regulators require further exploration.
Secondly, TREM-1 is known expressed primarily on macrophages and
neutrophils. Several studies prove its presence in endothelial cells [28].
Moreover, endothelial dysfunction and neutrophils migration are also
associated with ALI’s pathological process [38,39]. We just explored the
NLRP3-TREM-1-amplified inflammation response in macrophages.
Further studies on the mechanism of NLRP3 inflammasome activation
as a trigger of TREM-1 response in endothelial dysfunction or neu-
trophils infiltration are required.

In summary, our study provides a novel link between NLRP3 in-
flammasome activation and TREM-1. We have found that NLRP3 in-
flammasome activation induces TREM-1-amplified response, forming a
positive feedback loop and promoting the inflammatory cascade.
HMGB1 and IL-18 released by NLRP3 inflammasome activation up-
regulate TREM-1 expression in macrophages (see Fig. 6).
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