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The silent information regulator 2 homolog 1-NACHT, LRR and PYD domains-containing protein 3 (SIRT1-NLRP3)
pathway has a crucial role in regulation of the inflammatory response, and is closely related to the occurrence

and development of several inflammation-related diseases. NLRP3 is activated to produce the NLRP3 inflammasome,
which leads to activation of caspase-1 and cleavage of pro-interleukin (IL)-13 and pro-IL-18 to their active forms: IL-13
and IL-18, respectively. They are proinflammatory cytokines which then cause an inflammatory response.SIRT1 can
inhibit this inflammatory response through nuclear factor erythroid 2-related factor 2 and nuclear factor-kappa B
pathways. This review article focuses mainly on how the SIRT1-NLRP3 pathway influences the inflammatory response
and its relationship with melatonin, traumatic brain injury, neuroinflammation, depression, atherosclerosis, and liver
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Background

The inflammatory response is the cause of several dis-
eases, so studying the mechanism of the inflammatory
response is a strategy for finding a cure for diseases.
Finding appropriate means to control inflammation has
always been a “hotspot” in research. Comprehensive
understanding of the pathways and molecules involved
in inflammation may provide essential information for
innovative therapeutic targets. Such pathways and mol-
ecules include tumor necrosis factor (TNF)-a, interferon
(IFN)-y, interleukin (IL)-1f, and IL18.
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NACHT, LRR and PYD domains-containing protein 3
(NLRP3) is an intracellular sensor that detects a broad
range of microbial motifs, endogenous danger signals,
and environmental irritants, resulting in the formation
and activation of the NLRP3 inflammasome [1]. Refine-
ment of understanding of its activation is continuing,
but targeting of it as a therapeutic for multiple diseases
is progressing rapidly. Treatment for diseases in which
NLRP3 inflammasome is involved has focused on inhibi-
tion of the inflammasome-derived cytokine IL-1f [2].

The NLRP3 inflammasome associates with the tubu-
lin cytoskeleton and localizes to mitochondria, where
reactive oxygen species (ROS) lead to activation of the
NLRP3 inflammasome [3]. The latter mediates cas-
pase-1 activation and secretion of the pro-inflammatory
cytokines IL-1B/IL-18 in response to microbial infec-
tion and cellular damage. Active caspase-1 cleaves the
cytokines pro-interleukin-1p (pro-IL-1f) and pro-IL-18
into their mature and biologically active forms [4-6].
IL-1P induces the expression of genes that control fever,
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the pain threshold, vasodilatation, and hypotension, and
its reception leads to an endothelial-cell response that
facilitates the infiltration of immune cells to infected or
damaged tissues [7]. IL-18 is necessary for IFN-y pro-
duction and is a co-stimulatory cytokine that mediates
adaptive immunity [7]. However, aberrant activation of
the NLRP3 inflammasome has been linked with several
inflammatory disorders: cryopyrin-associated periodic
syndromes, Alzheimer’s disease, diabetes mellitus, prion
diseases, and atherosclerosis [8]. Assembly of the NLRP3
inflammasome leads to caspase-1-dependent release
of the pro-inflammatory cytokines, IL-1B and IL-18, as
well as to gasdermin D-mediated pyroptotic cell death
[9]. Understanding the mechanisms of activation of the
NLRP3 inflammasome could enable the development
of its specific inhibitors to treat NLRP3 inflammasome-
related diseases.

Silent information regulator 2 homolog 1(SIRT1) is
a member of the nicotinamide adenine dinucleotide
(NAD)-dependent sirtuin family. SIRT1 activates the dea-
cetylation of acetyl groups on the lysine residues of pro-
teins, thereby regulating their functions [10, 11]. SIRT1
helps to protect against multiple oxidative inflammatory
injuries via induction of antioxidant defense pathways
and suppression of the inflammatory response [12, 13].
Some studies have demonstrated that expression of pro-
inflammatory cytokines is inhibited by SIRT1 because it
can mediate the initiation and progression of inflamma-
tion (e.g., deacetylating nuclear factor kappa B (NF-«xB))
[14, 15]. SIRT1 regulates several cellular processes: aging,
metabolism, redox homeostasis, survival, and inflam-
mation [16]. SIRT1 deacetylates various target genes,
including those of histone proteins, p53, and NF-kB, and
regulates their activities [17]. SIRT1 activation positively
modulates nuclear factor erythroid 2-related factor 2
(Nrf2) antioxidant signaling and negatively modulates the
transcriptional activity of NF-kB p65 and its downstream
inflammatory cascade [18, 19].

Activation of the toll-like receptor (TLR) 4/NF-kB
signaling pathway results in activation of inducible
NLRP3 and an increase in constitutive expression of pro-
IL-1p and pro-IL-18 [17]. Nrf2 activates transcription of
several hundred genes encoding anti-oxidant detoxifica-
tion as well as the enzymes involved in the metabolism
of iron, lipids, and glucose. Anti-oxidant enzymes medi-
ate the synthesis and transport of non-enzymatic anti-
oxidant-defense molecules (mainly glutathione) [20].
The anti-oxidant, anti-inflammatory, and cytoprotec-
tive effects of Nrf2 whose one of the anti-inflammatory
mechanisms is the competition with NF-kB for DNA
binding [21, 22] have been shown in various studies
[23]. Heme oxidase (HO)-1 is an important target of it
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and also shows an anti-inflammatory effect by inhibiting
NF-«kB expression [24].

The mechanisms contributing to anti-inflammatory
effects are manifold. They comprise various pathways
of secondary signaling-prevention of activation of the
NLRP3 inflammasome, inhibition of NF-«kB activation,
and upregulation of Nrf2 expression [25], but they are
important for the treatment of inflammatory response-
related diseases. In this review article, we discuss these
mechanisms (Table 1).

Mechanisms of the SIRT1-NLRP3 pathway

The NLRP3 inflammasome consists of a sensor (NLRP3),
an adaptor (ASC; also known as PYCARD), and an
effector (caspase-1). NLRP3 is a tripartite protein that
contains an aminoterminal pyrin domain (PYD), a cen-
tral NACHT domain (domain present in NAIP, CIITA,
HETE and TP1), and a carboxy-terminal leucine-rich
repeat (LRR) domain [G] (Fig. 1). The NACHT domain
has adenosine triphosphate (ATP) activity that is vital
for the self-association and function of NLRP3 [38].
The LRR domain is thought to induce auto-inhibition
by folding-back onto the NACHT domain. The adaptor
ASC has two protein-interaction domains: an N-termi-
nal PYD and a C-terminal caspase-recruitment domain
(CARD). Full-length caspase-1 has an N-terminal CARD,
a central large catalytic domain (p20), and a C-terminal,
small-catalytic-subunit domain (p10). Upon stimula-
tion, NLRP3 oligomerizes through homotypic interac-
tions between NACHT domains. Oligomerized NLRP3
recruits ASC through homotypic PYD-PYD interac-
tions and nucleates formation of helical ASC filaments,
also through PYD-PYD interactions. Multiple ASC
filaments coalesce into a single macromolecular focus,
known as an “ASC speck” [39-41]. The assembled ASC
recruits caspase-1 through CARD—CARD interactions,

Table 1 The anti-inflammatory pathways of the inflammatory
response-related diseases

Organ  Diseases Pathway of the inhibition Ref

Brain Traumatic brain injury ~ SIRT1-NLRP3/ROS [26-28]
Depression SIRT1-NLRP3/NF-«B [29]
Neuroinflammation SIRT1-NLRP3/Nrf2 [30]

Heart Atherosclerosis SIRT1-NLRP3/IL-18 [31,32]

Lung Chronic obstructive SIRT1-NLRP3/IL-113 [33]
pulmonary disease

Liver Liver damage SIRT1-NLRP3/Nrf2 [34-36]

Pancreas Diabetes mellitus SIRT1-NLRP3 [37]

SIRT1 Silent information regulator 2 homolog 1, NLRP3, NACHT LRR and PYD
domains-containing protein 3, ROS Reactive oxygen species, NF-kB Nuclear
factor-kappa B, Nrf2 Nuclear factor erythroid 2-related factor 2, IL-1f Interleukin
(IL-1B



Chen et al. Cell Communication and Signaling (2023) 21:185

Page 3 of 11

NLRP3
ASC = ATP Pro-caspase-1
(PYD.
‘0 @ (NLRP3 stimuti) | @)
CARD CARD
ADP
LRR
. |
CARD
(D
_pyp CARD NLRP3
Inflammasome

Fig. 1 The structure of NLRP3 inflammasome. NLRP3 is a tripartite protein that contains an aminoterminal pyrin domain (PYD), a central NACHT
domain, and a carboxy-terminal leucine-rich repeat (LRR) domain. NLRP3 recruits ASCs through PYD-PYD interactions. In turn, pro-caspase-1

is recruited by ASC through CARD-CARD interactions to form the NLRP3-ASC-pro-caspase-1 inflammasome. (NLRP3: NACHT, LRR and PYD
domains-containing protein 3; PYD: Pyrin domain; NACHT: Domain present in NAIP, CIITA, HETE and TP1; LRR: Leucine-rich repeat; ASC: a protein;
CARD: C-terminal caspase-recruitment domain; ATP: Adenosine triphosphate; ADP: Adenosine diphosphate)

and enables proximity-induced self-cleavage and acti-
vation of caspase-1. Caspase-1 clustered on ASC self-
cleaves at the linker between p20 and p10 to generate a
complex of p33 (comprising CARD and p20) and p10,
which remains bound to ASC and is proteolytically active
[42]. Further processing between the CARD and p20
releases p20-p10 from ASC. The released p20-p10 het-
erotetramer is unstable in cells, so its protease activity is
terminated. Recently, NIMA-related kinase 7 (NEK?7), a
serinethreonine kinase involved in mitosis, was found to
be essential for activation of the NLRP3 inflammasome
[43—-45]. NEK?7 interacts specifically with NLRP3, but not
the other inflammasome sensors, nucleotide-binding oli-
gomerization domain, leucine-rich repeat, and caspase
recruitment domain-containing 4 (NLRC4) or inter-
feron-inducible protein human Absent in Melanoma 2
(AIM2) [G]. Upon activation of the NLRP3 inflammas-
ome, the NEK7-NLRP3 interaction increases, and NEK7
oligomerizes with NLRP3 into a complex that is essential
for formation of the ASC speck and caspase-1 activation
[44, 45]. Thus, NEK7 appears to be a core component
specific to the NLRP3 inflammasome.

Activation of the NLRP3 inflammasome occurs
mainly in macrophages and microglia [46]. Activation

of the NLRP3 inflammasome in macrophages requires
two steps: priming and activation. The priming step
(signal 1) is provided by inflammatory stimuli such as
TLR4 agonists, which induce expression of NF-kB-
mediated NLRP3 and pro-IL-1B.The activation step
(signal 2) is triggered by pathogen-associated molecu-
lar patterns and damage-associated molecular patterns,
thereby promoting assembly of the NLRP3 inflamma-
some and caspase-l-mediated secretion and pyrop-
tosis of IL-1p and IL-18 [47] (Fig. 2). Mitochondrial
dysfunction, and release of mtROS into the cytosol, are
additional key upstream events implicated in NLRP3
activation. Mitochondria continually produce ROS as a
by-product of oxidative phosphorylation, although dur-
ing cellular stress mtROS levels are greatly increased.
Mitophagy [G] is therefore an important regulator of
NLRP3 activation as it removes damaged and dysfunc-
tional mitochondria and reduces mtROS. However,
the priming step is sufficient for human monocytes to
mediate caspase-1 activation and IL-1p release [48].
The activated NLRP3 inflammasome causes the hydrol-
ysis of the inactive procaspase-1 protein, which is then
cleaved into active caspase-1. The latter converts IL-1
and IL-18 precursor proteins into mature IL-1B and
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Fig. 2 The activation of NLRP3 inflammasome. The priming signal (signal 1) is provided by microbial components or endogenous cytokines,
leading to the activation of the transcription factor NF-kB and subsequent upregulation of NLRP3 and pro-IL-10. The activating signal (signal 2)

is from RNA virus, pore-forming toxins, or particulate matter activates the NLRP3 inflammasome with the help of ROS as a by-product of oxidative
phosphorylation from mitochondria. (RNA: Ribonucleic acid; TLR: Toll-like receptor; Sirt1: Silent information regulator 2 homolog 1; ROS: Reactive
oxygen species; NLRP3: NACHT, LRR and PYD domains-containing protein 3; ASC: a protein; IL: Interleukin; NF-kB: Nuclear factor kappa B)

IL-18 [49]. Then IL-1PB and IL-18 cause the inflamma-
tory response.

SIRT1 activation positively modulates Nrf2 antioxidant
signaling and negatively modulates the transcriptional
activity of NF-«kB p65 and its downstream inflammatory
cascade [18, 19], which has an anti-inflammatory effect.
Moreover, SIRT1 impacts inflammation directly by dea-
cetylating and inactivating the p65 subunit of NF-«B,
thereby limiting the expression of NF-kB-dependent
pro-inflammatory genes [50]. This may become a hot
research direction in the treatment of inflammation-
related diseases. This review article focuses mainly on
how the SIRT1-NLRP3 pathway influences the inflamma-
tory response.

SIRT1-NLRP3 pathway in diseases

SIRT1-NLRP3 pathway and melatonin

Melatonin

Melatonin is a hormone mainly produced by the pineal
gland. It contributes to the regulation of physiological
activities, such as sleep, circadian rhythm, and neuroen-
docrine processes [51]. Melatonin has anti-inflammation,
anti-oxidation, anti-apoptosis, immunomodulatory, and
antitumor activities [52, 53]. Thanks to these properties,

melatonin has therapeutic benefits for various types of
respiratory disease [54, 55].

By inhibiting NLRP3 expression, melatonin dimin-
ishes inflammation and influences various molecular
pathways involving SIRT1, microRNA, long non-coding
RNA, and wingless type (Wnt)/B-catenin [51]. It also
activates processes in an anti-inflammatory network in
which SIRT1 activation, upregulation of Nrf2 expression,
downregulation of NF-kB expression, and release of the
anti-inflammatory cytokines IL-4 and IL-10 are involved
[56]. In addition, melatonin inhibits pyroptosis as well as
the production of mitochondrial and cytosolic ROS and
NF-«B signaling. The beneficial effects of melatonin on
activation of the NLRP3 inflammasome are associated
with activation of Nrf2 and SIRT1, which can be reversed
by treatment with Nrf2 siRNA and SIRT1 inhibitors [17].

SIRT1 deacetylates high mobility group box (HMGB)1
[57, 58] to inhibit its nucleocytoplasmic transfer and to
prevent its release [59-65]. Importantly, HMGB1 also
favors the polarization of macrophages and microglia
towards the pro-inflammatory M1 type [66—70]. In fact,
melatonin is capable of shifting this balance toward the
anti-inflammatory side by favoring M2 and disfavoring
M1 polarization, as recently reviewed. With regard to
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the melatonin—SIRT1 relationship, anti-inflammatory
actions via inhibition of HMGB1 expression have been
also reported for melatonin [25]. SIRT1 may mediate the
effects of melatonin.

Melatonin in chronic obstructive pulmonary disease (COPD)
Chronic airway inflammation is a characteristic feature of
COPD. Studies have demonstrated that melatonin had a
protective effect against COPD. Interestingly, melatonin
ameliorates airway inflammation in rats with COPD
through stimulation of SIRT1 and subsequent inhibition
of the NLRP3 inflammasome [33]. This occurs because
SIRT1 is responsible for inhibiting inflammation and
respiratory stress by downregulating expression of the
NLRP3 inflammasome [71, 72]. In a rat model of COPD,
the beneficial effects of melatonin included reduced for-
mation of the NLRP3 inflammasome and IL-1f levels.
Those results demonstrated that melatonin prevented
COPD development, which was attributed to inhibition
of airway inflammation by attenuating expression of the
NLRP3 inflammasome and IL-1p [33].

Recently, several studies have shown that the NLRP3
inflammasome and IL-1B are involved in the airway
inflammation observed in COPD. The latter is charac-
terized by an enhanced inflammatory response in the
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airway and lung parenchyma [73] and plays an important
part in COPD pathogenesis [74, 75]. Several studies have
reported that the NLRP3 inflammasome and IL-1f sign-
aling pathway are pivotal in the initiation and persistence
of airway inflammation (Fig. 3), which contributes to
COPD development [76]. Therefore, the NLRP3 inflam-
masome and IL-1B have been targets for treatment of
COPD. In addition, melatonin has been shown to attenu-
ate the protein expression of NLRP3, cleaved caspase-1,
and ASC significantly in lung tissues as compared with
that in a COPD group. Those results indicate that mela-
tonin can attenuate airway inflammation with COPD by
suppressing the NLRP3 inflammasome and IL-1f signal-
ing pathway (Table 1).

It has been reported that SIRT1 expression is decreased
in COPD [77] and that SIRT1 activation inhibits the
abnormal inflammatory response in COPD [78, 79].
Recently, melatonin has been reported to promote SIRT1
expression in several conditions [80, 81]. In the present
study, some found that melatonin increased the expres-
sion of SIRT1 in lung tissues of rats with COPD, while
inhibition of SIRT1 by EX527 abolished the protective
effect of melatonin against COPD, exhibiting the deterio-
rated lung function, the increased inflammatory cells and
IL-1B level.
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Fig. 3 Melatonin in airway inflammation. Melatonin exerted a protective effect which was further suggested to be dependent on targeting

its membrane receptor (MT) 1 or 2 against airway inflammation in COPD. This is attributed to the inhibition of NLRP3 inflammasome and IL-1(3
via the activation of SIRT1 in the lung tissues of whom with COPD. (Sirt1: Silent information regulator 2 homolog 1; NLRP3: NACHT, LRR and PYD
domains-containing protein 3; ASC: a protein; IL: Interleukin; MT: Membrane receptor)
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The protective effect of melatonin has been attributed
to inhibition of the NLRP3 inflammasome and IL-1B
signaling pathway via SIRT1 activation in lung tissues
afflicted by COPD.

Melatonin in aging and various age-related diseases

Aging and various age-related diseases are associated
with reductions in melatonin secretion, pro-inflam-
matory changes in the immune system, a deteriorating
circadian system, and reductions in SIRT1 activity. In
non-tumor cells, several effects of melatonin are abol-
ished by inhibiting SIRT1 expression, which indicates
mediation by SIRT1 [56].

The inclusion of SIRT1 (and perhaps, other sirtuins)
into the spectrum of actions of melatonin represents an
important step forward in understanding of its aging-
and inflammation-related properties. However, one
cannot expect that all actions of SIRT1 will mediate mel-
atonergic regulation. SIRT1 is also controlled by various
other factors, including accessory components of circa-
dian oscillators that regulate nicotinamide phosphoribo-
syltransferase (NAMPT) expression and NAD +levels,
such as triiodothyronine and glucocorticoids [56]. More
extensive studies on melatonin, SIRT1, and microRNAs
could reveal additional cases related to the immune sys-
tem, aging, and age-related diseases.

Melatonin in diabetes mellitus

In cultured keratinocytes, exposure to increased glu-
cose concentrations can cause activation of the NLRP3
inflammasome, which is inhibited by melatonin (Table 1).
NLRP3 inflammasome has been proposed to sense and
mediate downstream inflammatory events of “glucotox-
icity” during pathogenesis of type 2 diabetes and thus
is responsible for a constant pro-inflammatory status.
The present study found that melatonin inhibited pro-
inflammatory cytokine levels and NLRP3 inflammasome
activation in keratinocytes under high glucose condition,
suggesting that melatonin exerts anti-inflammatory effect
during diabetic wound healing. Those findings were
interpreted as a means for promoting wound healing in
people suffering from diabetes mellitus [37].

Melatonin in osteogenesis

Knockdown of NLRP3 expression has been reported to
attenuate the inhibition of osteogenesis in mice, and sim-
ilar results have been obtained with melatonin, findings
that were interpreted in terms of Wnt/B-catenin signal-
ing. Additional data supporting involvement of inhibition
of the NLRP3 inflammasome in the osteogenic action of
melatonin were deduced from a counteraction by an acti-
vator of the NLRP3 inflammasome: monosodium urate
[82]. The role of melatonin in the balance of osteogenic
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differentiation and osteoclastic activity seems to be very
complex and may require consideration of the role of
SIRT1 [83-86]. Hence, further studies may be neces-
sary to clarify the relative contributions of the effects of
melatonin. With respect to signaling, inhibition of NF-xB
activation by melatonin [87] has also been implicated in
suppression of the NLRP3 inflammasome [88-92].

Melatonin in depression

Melatonin suppresses NLRP3 expression and IL-1p
cleavage in the hippocampus. It has been reported that
melatonin increases SIRT1 expression in the central
nervous system (CNS) and protects the brain in different
experimental conditions by activating the SIRT1/Nrf2
signaling pathway [93]. SIRT1 shows wide expression
in the CNS, is involved in maintenance of physiological
brain functions, and exhibits neuroprotective and anti-
inflammatory effects in many neurodegenerative dis-
eases. In addition, melatonin has been shown to inhibit
activation of the NLRP3 inflammasome and pyroptosis in
murine microglia by activating the SIRT1/Nrf2 signaling
pathway [17]. It has been concluded that Nrf2 and SIRT1
signaling pathways are important signaling cascades
involved in the preventative and treatment-based effects
of melatonin on activation of the NLRP3 inflammasome
in microglia [17].

SIRT1-NLRP3 pathway in traumatic brain injury (TBI)

The inflammatory response in the cerebral cortex has
an important role in the progression of secondary injury
following TBI. Activation of NLRP3, caspase-1, and
SIRT1 has been shown to enhance the production of
pro-inflammatory cytokines and ROS following TBI
Activation of the NLRP3 inflammasome and the subse-
quent inflammatory response in the cerebral cortex are
involved in TBI [94-96]. Increasing evidence indicates
that the NLRP3 inflammasome participates in the devel-
opment of CNS disorders such as cerebral ischemia—rep-
erfusion injury [97], neurodegenerative diseases [98], and
cerebral tumors [99]. It has been reported that NLRP3
also participates in TBI pathogenesis [100].

Various exogenous and endogenous molecular pat-
terns can activate the NLRP3 inflammasome. ROS have
been regarded as important activators of the NLRP3
inflammasome in cardiac ischemia-reperfusion injury
[26] and sepsis-induced acute lung injury [27] (Table 1).
Meanwhile, SIRT1 is an important regulator of oxida-
tive stress [28].

Enhanced expression of SIRT1 has been reported to
have a neuroprotective effect in CNS diseases [101].
Furthermore, studies have shown SIRT1 to be an endog-
enous protective molecule against TBI [102], and SIRT1
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can negatively regulate NLRP3 in vascular endothelial
cells [103].

In conclusion, TBI can activate the NLRP3 inflamma-
some, thereby promoting release of the pro-inflamma-
tory cytokines IL-1p and IL-18, and amplifying brain
injury. Resveratrol might attenuate the inflammatory
response and relieve TBI by reducing ROS production
and inhibiting activation of the NLRP3 inflammasome,
which prevents excessive release of pro-inflamma-
tory cytokines. The effect of resveratrol on the NLRP3
inflammasome and ROS production might be depend-
ent upon SIRT1 [94].

SIRT1-NLRP3 pathway in neuroinflammation

and depression

Suppression of neuroinflammation is mediated by reg-
ulation of the SIRT1-NLRP3/Nrf2 pathway (Table 1).
The NLRP3 inflammasome is activated by numerous
divergent invading pathogens and cellular damage
(e.g., ROS, mitochondrial DNA, ATP) and subsequent
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excretion of pro-inflammatory cytokines (e.g., IL-18
and IL-1p) into the extracellular matrix and prolonged
immunological reactions that, ultimately, result in
neurotransmitter dysfunction and oxidative damage to
neurons [30].

High levels of SIRT1 in the hippocampus and cor-
tex have pivotal roles in cellular events such as aging,
inflammation, homeostasis, metabolic activities,
and survival [104]. Recently, SIRT1 has been linked
to major depressive disorder [105]. Several studies
in animal models also support the important role of
SIRT1 in preventing and treating depression. Some
studies have demonstrated that expression of pro-
inflammatory cytokines is inhibited by SIRT1 by
mediation, initiation, and progression of inflammation
(e.g., deacetylating NF-kB) and, ultimately, prevents
behavioral deficits (depressive and anxiety disorders)
caused by chronic stress in rodents [14, 15] (Table 1).
A recent study reported that increased expression of
SIRT1 overcomes lipopolysaccharide-associated acute
depressive-like behavior by suppression of the NLRP3

4 S - ) ) //, = i
/O Sirt] s D it Melatonin = (@ Sirt1 “ NLRP3 "\
- N OUAsC
@e pro-IL-1p \1, Procas‘pase—l
- e pro-1L-18 i
P
Caspase-1 / —
Processing
IL-1B Prqcaspaser-1 = \')I
#IL-18 Inflammasomg ‘\ /)\
y ' age-related
diseases

@ sirt1i—| NLRP3
~

Neuroinflammation.
Depression.
Atherosclerosis

>

- Stimulation

— Inhibition

Fig.4 The SIRT1-NLRP3 pathway in several inflammation-related diseases. SIRT1-NLRP3 pathway influences the inflammatory response and relates
to melatonin, traumatic brain injury, neuroinflammation, depression, atherosclerosis, and liver damage. (Sirt1: Silent information regulator 2
homolog 1; ROS: Reactive oxygen species; NLRP3: NACHT, LRR and PYD domains-containing protein 3; ASC: a protein; IL: Interleukin; TBI: Traumatic

brain injury; Nrf2: Nuclear factor erythroid 2-related factor 2)
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inflaimmasome in microglia [17]. Studies have dem-
onstrated that anxiety-like behavior caused by brain
hypoxia can be suppressed by SIRT1 via the NF-«xB
pathway [29].

SIRT1-NLRP3 pathway in atherosclerosis

Activation of the NLRP3 inflammasome by extracellular
metabolites has also been implicated in several other dis-
eases, such as atherosclerosis [106]. Activation of TLRs
(possibly by free fatty acids or oxidized low-density lipo-
protein) and NLRP3 leads to the production of active
IL-1f [107] (Table 1). IL-1pB levels increase in arterial
plaques, and levels of IL-1p correlate directly with dis-
ease severity [31, 32].

SIRT1-NLRP3 pathway in liver damage
Following activation of the NLRP3 inflammasome,
active caspase-1 is released from pro-caspase-1, which
stimulates the release of mature IL-1p and IL-18 from
its pro-form. Caspase-1 has a crucial role in exacerbat-
ing liver damage [108-111]. In addition, IL-1p stimulates
the expression of other pro-inflammatory mediators and
recruits neutrophils to inflamed hepatic tissue, thereby
amplifying the inflammatory response [34—36].
Cucurbitacin E glucoside (CuE) has potent anti-
inflammatory, immunomodulatory, and anti-tumor
properties. CuE can increase the mRNA expression of
SIRT1 and Nrf2 as well as its binding capacity (Table 1).
Subsequently, CuE augments the mRNA expression of
Nrf2-targeted genes such as NAD(P)H quinone dehy-
drogenase 1(NQO1), Glutamate cysteine ligase (GCL),
and HO-1,and recovers their normal expression.CuE
can inhibit activation of signaling of NF-kB/down-
stream pro-inflammatory mediators. Furthermore, CuE
can attenuate the mRNA expression of NLRP3 and its
associated genes [12].

Perspective

SIRT1-NLRP3 inflammatory pathway exists in a variety
of diseases, and its clinical research has become a new
research point. As the well-known physicist Richard Fey-
nman once said, “There is a pleasure in recognising old
things from a new viewpoint” These new insights into
“old pathways” could give rise to a substantial increase
in our understanding of the pathogenesis of inflamma-
tory diseases, which might ultimately give rise to better
treatments.

Conclusions

The SIRT1-NLRP3 pathway is closely related to the
occurrence and development of several inflamma-
tion-related diseases (Fig. 4). SIRT1 can inhibit this

Page 8 of 11

inflammatory response through Nrf2 and NF-«xB path-
ways by reducing the NLRP3 inflammasome. Many drugs
can exert anti-inflammatory effects based on the inhibi-
tion of NLRP3 from SIRT1, including many chemical
drugs and traditional Chinese medicines, such as Huaiqi-
huang, Ginsenoside Rg3, Omeprazole, Astragaloside IV,
Salvianolic acid B and Salvianolic acid [108, 112-116].
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