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Abstract— Inflammatory bowel disease (IBD) is a group of inflammatory conditions of the
colon and small intestine, comprised of ulcerative colitis and Crohn’s disease. Among the
complicated pathogenic factors of IBD, the overaction of inflammatory and immune reaction
serves as an important factor. Inflammasome is a form of innate immunity as well as
inflammation. Among all kinds of inflammasomes, the NOD-like receptor family, pyrin
domain-containing 3 (NLRP3) inflammasome is the most studied one, and has been revealed
to be involved in the pathogenesis and progression of IBD. Here, in this review, the
association between the NLRP3 inflammasome and IBD will be discussed. Furthermore,
several NLRP3 inflammasome inhibitors which have been demonstrated to be effective in the
alleviation of IBD will be described in this review.
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INTRODUCTION

The intestinal tract is the largest organ for digesting
food and absorbing nutrients isolated from the intestinal
contents [1, 2]. During the processes of digesting and
absorbing, the intestinal mucosal barrier, composed by
mucosal barrier layer, intestinal epithelial cells, and other
inflammatory and immune cells, acts as important compo-
nents in the intestinal defense system, preventing the inva-
sion of external pathogens [3–5]. However, under certain
conditions, the inflammatory and immune responses in the
gut are over-reacted, leading to the damage of the intestinal

mucosal barrier and disturbance of intestinal bacterial ho-
meostasis [6–9]. Consequently, such abnormalities in the
gut may lead to the pathogenesis and progression of in-
flammatory bowel disease (IBD), recognized as a group of
intestinal disorders with chronic and recurrent character-
istics [10, 11]. IBD is composed of two members, namely
ulcerative colitis and Crohn’s disease. Among multiple
pathogenic factors for IBD, the over-activation of intestinal
inflammatory and immune reaction has been regarded as
one of the vital causes in the onset and development of IBD
[12–15]. As a result, suppressing the over-activated intes-
tinal inflammation serves as an effective and promising
strategy in the treatment of IBD. Inflammasome belongs
to a component of innate immunity, which is also a form of
inflammation, functioning in protecting organisms from
the invasion of internal and external threatening factors
[16–19]. Inflammasome has been reported to be associated
with inflammation- and immune-related disorders in many
systems, including myocardial infarction, atherosclerosis,
IBD, diabetes, and autoimmune diseases [20–23]. As a
result, targeting on the suppression of the over-activated
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self-defensive mechanisms might be effective in the treat-
ment of such diseases. Among all kinds of inflammasomes,
the NOD-like receptor family, pyrin domain-containing 3
(NLRP3) inflammasome is the most studied one; the bio-
logical characteristics and connection with diseases have
been widely studied [24–27]. According to previous stud-
ies, inhibiting the activation of the NLRP3 inflammasome
serves as an effective and potential therapy in the treatment
of IBD [28, 29]. Here, in this review, we will discuss the
association between the NLRP3 inflammasome and IBD,
focusing on the introduction of the NLRP3 inflammasome
as well as its roles in the pathogenesis and progression of
IBD. Furthermore, several therapies for the treatment of
IBD taking advantage of suppressing the NLRP3 inflam-
masome will also be discussed.

PART I: NLRP3 INFLAMMASOME

Biological Characteristics of the NLRP3
Inflammasome

Inflammasome, as a member of innate immunity, is a
multi-protein oligomer responsible for the activation of
inflammatory responses [30]. In the gut, inflammasome
exists mainly in epithelial cells as well as subepithelial
macrophages, dendritic cells, and other inflammatory and
immune cells, which facilitates their recognition of
pathogen-associated molecular patterns (PAMPs) or
danger-associated molecular patterns (DAMPs) for the
subsequent induction of adaptive immune responses [31–
33]. So far, several kinds of inflammasomes have been
described, including NLRP1, NLRP2, NLRP3, NLR fam-
ily caspase recruitment domain-containing protein 4
(NLRC4), and double-stranded DNA sensors absent in
melanoma 2 (AIM2) [34–36]. Among them, the NLRP3
inflammasome is the most characterized one, which has
been considered to be important in the development of
therapeutic strategies.

The NLRP3 inflammasome is a protein assembly,
comprised of three components, including the NLRP3
protein, procaspase-1, and adapter protein apoptosis-
associated speck-like protein (ASC) [37–39]. In normal
condition, there is a connection between the NACHT do-
main and leucine-rich repeats (LRRs), preventing the for-
mation of inflammasome via the inhibition of the interac-
tion between the NLRP3 protein and ASC [40, 41]. Under
the stimulation of PAMPs, danger-associated molecular
patterns (DAMPs) as well as other exogenous invaders or
environmental stress, the conformation of the NLRP3

protein is changed to facilitate the interaction between
pyrin domains (PYDs) in the NLRP3 protein and ASC.
After the interaction of the NLRP3 protein and ASC,
another component of the NLRP3 inflammasome, procas-
pase-1, binds to ASC via CARD of procaspase-1 binding
to the corresponding region of ASC, leading to the forma-
tion of the NLRP3 inflammasome. To further induce the
activation of the NLRP3 inflammasome, the formation of
the protein complex triggers the self-cleavage of procas-
pase-1, generating the active caspase-1 p10/p20 tetramer,
leading to the maturation of proinflammatory cytokines
including interleukin (IL)-1β and IL-18 via converting
from their immature Bpro^ forms into active forms, induc-
ing inflammatory and immune responses [42–45].

The activation of the NLRP3 inflammasome is
widely regarded as a Btwo-step^ process (illustrated
in Fig. 1) [46–49]. Generally speaking, in the first
step, various internal or external PAMPs or DAMPs
are recognized by Toll-like receptors (TLRs), lead-
ing to the activation of the nuclear factor kappa B
(NF-κB)-mediated signaling. The NF-κB-mediated
signaling results in increasing transcription and pro-
duction of inflammasome-related components in-
cluding the NLRP3 protein, proIL-1β, and proIL-
18, leading to the priming or initiation of the
NLRP3 inflammasome activation. In the second
step, the NLRP3 inflammasome activation is trig-
gered by further stimuli, during which the NLRP3
protein is oligomerized, leading to the subsequent
assembly of the NLRP3 prote in , ASC, and
procaspase-1 into a complex. The formation of the
NLRP3 inflammasome induces the conversion of the
mature of IL-1β and IL-18 from their Bpro^ forms
to be secreted locally or systemically. Recently, an
exciting study reported that it was the recruitment of
NLRP3 to the dispersed trans-Golgi network but not
the mitochondria that led to NLRP3 aggregation and
activation in response to stimuli [50]. So far, several
factors activating the NLRP3 inflammasome have
been explored or used in study [51–55]. For the
priming or initiation process of the NLRP3 inflam-
masome activation, lipopolysaccharide (LPS), a
large molecule consisting of a lipid and a polysac-
charide originally found in the outer membrane of
Gram-negative bacteria, is widely regarded as a
classic ligand for the activation of TLR4, thus trig-
gering the first-step activation of the NLRP3 inflam-
masome [51]. For further activation of the NLRP3
inflammasome activation, various kinds of PAMPs
or DAMPs have been desc r ibed , inc lud ing
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adenosine triphosphate (ATP), β-amyloid, silica, re-
active oxygen species (ROS), asbestos, cathepsin B
as well as other factors leading to the overload of
mitochondrial Ca2+ [52–57].

Like other forms of inflammatory and immune
responses, the NLRP3 inflammasome activation in a prop-
er extent acts as a self-defensive mechanism, contributing
to the prevention from the external pathogens invasion
[58]. However, the over-activation of the NLRP3 inflam-
masome may trigger or aggravate the onset and develop-
ment of various kinds of inflammation- and immune-
related diseases [59–61]. Based on the previous studies
related to the NLRP3 inflammasome, targeting on the
inhibition of the NLRP3 inflammasome contributes greatly
to the alleviation of disorders including myocardial

infarction, atherosclerosis, multiple sclerosis, stroke, and
so on [62–65]. So far, many studies have focused on the
study of the roles of the NLRP3 inflammasome in the
pathogenesis and progression of IBD, making efforts to
develop novel therapies taking advantage of targeting on
inhibition of the NLRP3 inflammasome for the treatment
of IBD [66–69]. In the following section of the review, the
roles of the NLRP3 inflammasome in IBD, including ul-
cerative colitis and Crohn’s disease, will be discussed in
detail.

NLRP3 Inflammasome in Ulcerative Colitis

As mentioned previously, ulcerative colitis is one of
the twomembers of IBD. Ulcerative colitis is recognized as
a chronic recurrent disorder characterized with intestinal
mucosa inflammation and ulceration [70–72]. The symp-
toms of ulcerative colitis are complicated, including bloody
diarrhea, abdominal pain, anemia, fever, and weight loss,
ranging from mild to severe with relatively slow progress
[73–75]. Besides, ulcerative colitis may lead to several
complications, including inflammation of the joints, liver,
and other organs; megacolon; and most severe, colon can-
cer. So far, several factors have been recognized related to
ulcerative colitis, including the environment, certain gene
mutation, disturbance of intestinal microbiota homeostasis
as well as inflammatory and immuno-modulatory factors
[76, 77].

The NLRP3 inflammasome has been widely reported
to be associated with the pathogenesis and progression of
ulcerative colitis. A previous study conducted by Hanaei
et al. [78] investigated the NLRP3 single nucleotide poly-
morphisms (SNPs) in blood samples from healthy subjects
and ulcerative colitis patients. They showed that the
NLRP3 SNP genotype of rs10754558 was significantly
associated with ulcerative colitis. Another NLRP3 SNP
investigation on the comparison between healthy people
and ulcerative colitis patients also revealed that the SNP
genotype of rs10754558 and rs10925019 were highly
connected with the susceptibility of ulcerative colitis, sug-
gesting the important role of the NLRP3 gene mutation in
the onset of ulcerative colitis [79]. In addition, Yang et al.
detected gene mutation of CARD8 related to the NLRP3
inflammasome [80]. They found that the stop allele of
genotype re1972619 was associated with higher serum
IL-1β levels in female patients with ulcerative colitis,
indicating that CARD8 variants contributed to the patho-
genesis of ulcerative colitis.

In dextran sulfate sodium (DSS)-induced ulcerative
colitis animal models, the NLRP3 inflammasome has been

Fig. 1. Schematic illustration of the signaling pathway of the NLRP3 in-
flammasome activation and association with IBD. In the challenge of P-
AMPs and DAPMs, TLRs on the membrane is activated, followed by the
triggering of NF-κB-mediated signaling, leading to the enhancement of the
NLRP3 inflammasome components. Further stimuli including ATP, β-
amyloid, silica, ROS, asbestos, cathepsin B, and overload of mitochondrial
Ca2+ trigger the assembly of the NLRP3 inflammasome and formation of
caspase-1, resulting in the cleavage of proIL-1β and proIL-18 into mature
IL-1β and IL-18. The secretion of proinflammatory cytokines contributes
to the pathogenesis and progression of IBD. So far, several kinds of agents
have been proven to be effective in the alleviation of IBD targeting on the
inhibition of the NLRP3 inflammasome activation, including herbal
extracts, autophagy inducers, microRNA as well as other substances.
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reported to be detrimental in the pathogenesis and progres-
sion of ulcerative colitis [81, 82]. Titanium dioxide (TiO2)
nanoparticles, widely used as food additives in Western
lifestyle, were recently reported to damage the intestinal
epithelial cells and intestinal mucosal barrier, thus leading
to the aggravation of DSS-induced ulcerative colitis sever-
ity [83]. Those effects were caused by the triggering of the
NLRP3-ASC-procaspase-1 assembly and the subsequent
increase of IL-1β and IL-18 secretions. In addition, it was
reported that excessive fecal deoxycholic acid (DCA)
caused by a high-fat diet might be an endogenous DAMP
for the NLRP3 inflammasome activation, thus contributing
to the progression of DSS-induced colitis [67]. In addition,
our previous study revealed that suppressing the NLRP3
inflammasome via autophagy induction contributed to the
alleviation of ulcerative colitis, suggesting the detrimental
role of the NLRP3 inflammasome in ulcerative colitis
animal model [84].

The microenvironment of the intestinal tract forms a
proper microbiota habitat, which has been revealed to
affect many physiological conditions in previous studies
[85–87]. An increasing number of studies have revealed
the importance of gut microbiota as a target for therapeutic
intervention [88]. So far, several studies have reported the
detrimental effect of the NLRP3 inflammasome on the
intestinal microbiota homeostasis. For instance, it was
demonstrated by Zhang et al. [89] in DSS-induced ulcera-
tive colitis mice models as well as murine macrophages
that the occurrence of colitis or LPS stimulation largely
disturbed the homeostasis of gut microbiota. They further
demonstrated that Terpinen-4-ol functioned in re-balancing
the Escherichia coli and Lactobacillus levels through the
suppression of the NLRP3 inflammasome in the gut, thus
alleviating the severity of colitis. Another study revealed
that Zanthoxylum bungeanum pericarp (ZBEO) could in-
hibit the NLRP3 inflammasome activation, thus re-
balancing the gut microbiota through increasing the levels
of the commensal bacteria containing Lactobacillus and
Bifidobacteria but reducing E. coli levels in the feces [90].

NLRP3 Inflammasome in Crohn’s Disease

Crohn’s disease, together with ulcerative colitis, were
recognized as the two members of IBD. Under colono-
scopy detection, the pathophysiology feature of Crohn’s
disease is a transmural pattern of inflammation, with in-
flammation spanning the entire depth of the intestinal wall
[91]. Ulceration may be observed in the intestinal tract of
patients with severe Crohn’s disease, with an abrupt tran-
sition between unaffected tissue and ulcer [92]. The

symptoms of Crohn’s disease often include diarrhea, ab-
dominal pain, weight loss, and others, with bowel obstruc-
tion, anemia, and arthritis as complications [93]. Although
so far, the specific mechanisms for the cause of Crohn’s
disease have not been clarified, yet several factors are
considered to serve as pathogenic factors, including the
environmental, genetic, and bacterial factors as well as
abnormal activation of intestinal inflammatory and im-
mune reaction [94–96].

So far, the NLRP3 inflammasome has been reported
to be involved in the pathogenesis and progression of
Crohn’s disease. It has been recently demonstrated by
Mao et al. [97] that the loss-of-function mutation of T60
CARD8, a negative regulator of inflammasome, signifi-
cantly led to the activation of the NLRP3 inflammasome,
thus increasing the secretion of IL-1β and aggravated the
severity of Crohn’s disease in patients. They also found out
that patients with such mutation were not effectively trea-
ted with anti-tumor necrosis factor (TNF)-α therapy. Sim-
ilar investigations were conducted on the study of the SNPs
of CARD8 in Crohn’s disease patients, suggesting the
association of CARD8 mutation in the onset and severity
of Crohn’s disease [80, 98]. In addition, a previous study
was conducted on 21 functional SNPs in 14 genes of
inflammasomes using a candidate gene approach and
found that some phenotypes of SNPs were associated with
the activity of TLR5 and the levels of IL-12 and IL-18
among patients with Crohn’s disease [99]. Furthermore,
Vallani et al. [100] identified a set of NLRP3 SNPs in four
sample sets from individuals of European descent, which
implicated the association between NLRP3 SNPs and sus-
ceptibility of Crohn’s disease. Taken together, those data
indicate the roles of the NLRP3 inflammasome-related
gene mutation in the pathogenesis and progression of
CD. However, it is worth mentioning that a study con-
ducted by Lewis et al. [101] failed to demonstrate a signif-
icant genetic association between NLRP3 SNPs and
Crohn’s disease susceptibility in a relative large cohort
study through the detection of six SNPs in a regulatory
region 5.3 kb downstream of NLRP3. Those findings
suggest that not all NLRP3 SNPs are related to the suscep-
tibility of Crohn’s disease.

So far, intestinal microbiota detection has revealed the
association between the NLRP3 inflammasome and
Crohn’s disease. For instance, it was recently reported by
Gu et al. [102] that the fecal bacteria from patients with
Crohn’s disease were more effective in upregulating
NOD2, the NLRP3 protein, and TLR2 and TLR4 expres-
sions than that isolated from healthy controls, which could
be repressed by IL-4. In addition, it was shown by De la
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Fuente et al. [103] that one of the pathologic factors of
Crohn’s disease is the presence of adhere-invasive E. coli,
which led to the activation of the NLRP3 inflammasome
and the subsequent secretion of IL-1β.

The NLRP3 inflammasome has been widely reported
to be detrimental in 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced Crohn’s disease animal models, while
suppressing the NLRP3 inflammasome plays an alleviative
role in the severity of Crohn’s disease [104–110]. It was
demonstrated by Luo et al. [105] that the administration of
Baicalein largely attenuated the NLRP3 inflammasome
activation via declining the activation of TLR4/myeloid
differentiation factor 88 (MyD88) signaling, thus alleviat-
ing the TNBS-induced colitis. In addition, the therapeutic
effect of suppressing the NLRP3 inflammasome activation
was revealed through the modulation of phosphorylated
signal transducer and activator of transcription 3 (pSTAT3)
and NF-κB signaling, thus blocking the canonical and non-
canonical NLRP3/ASC inflammasome pathways [106].

PART II: PHARMACOLOGICAL
INTERVENTIONS OF NLRP3 INFLAMMASOME
INHIBITORS IN THE TREATMENT OF IBD

So far, various agents have been reported to be effec-
tive in the alleviation of IBD taking advantage of inhibiting
the NLRP3 inflammasome activation. Among all kinds of
the NLRP3 inflammasome inhibitors reported by studies,
herbal extracts, agents taking advantage of autophagy in-
duction, and microRNAs are the most studied ones and
proven to be potential and effective in the development of
therapies against IBD. As a result, in the following con-
tents, herbal extracts, autophagy inducers, microRNAs as
well as other well-studied NLRP3 inflammasome inhibi-
tors will be described and discussed in detail.

Herbal Extracts

Curcumin is a kind of hyderophobic polyphenol
derived from turmeric, which is a traditional Indian
spice [111]. Curcumin is a diarylheptanoid, belonging
to the group of curcuminoids. The value and mecha-
nisms of curcumin in the treatment of IBD have been
investigated by several studies [112–116]. It was re-
cently reported that curcumin could inhibit the NLRP3
inflammasome activation in DSS-induced colitis ani-
mal models as well as LPS/DSS-challenged macro-
phages, thus ameliorating the symptoms of colitis
through reducing weight loss, DAI score, and colon

length [112]. Those effects were mediated via the in-
hibition of K+ efflux, intracellular reactive oxidation
species (ROS) formation, and cathepsin B release. In
addition, another fundamental research revealed that
the administration of the nanoparticle curcumin could
inhibit the development of DSS-induced colitis
through suppressing the NLRP3 inflammasome medi-
ated by immune regulation including increasing the
expansion of CD4+ Foxp3+ regulatory T cells and
CD103+ CD8α− regulatory dendritic cells in the
colonic mucosa [113]. Furthermore, several clinical
reports and systematic reviews revealed the therapeutic
effect of curcumin in the treatment of ulcerative colitis in
patients through the suppression of the NLRP3
inflammasome activation [114–116].

Another well-studied herbal extract with therapeutic
value of IBD is cardamonin, a kind of chalconoid isolated
from several plants including Alpinia katsumadai and Alpi-
nia conchigera [117, 118]. A previous study originally
revealed an anti-inflammatory effect of cardamonin in a
DSS-induced colitis animal model, thus ameliorating DSS-
induced colitis in body weight loss, diarrhea, colon short-
ening, and histological damage [119]. This protective ef-
fect was mediated by the inhibition of the NLRP3 inflam-
masome activation via suppressing the expression of TLR4
and NF-κB. Recently, the alleviative effect of cardamonin
has also been revealed by several studies in both TNBS-
and DSS-induced colitis in mice. Those effects were
reported to be mediated by the AhR/Nrf2 signaling-
mediated suppression of the NLRP3 inflammasome acti-
vation as well as downregulation of the expression of
cyclooxygenase-2 (COX-2) and caspase-3 [108, 120].

Besides those two well-studied herbal extracts
discussed above, several others have been reported to
be effective in the alleviation of IBD in IBD patients
and/or animal models. For instance, flavonoids, a class
of plant and fungus secondary metabolites, have been
shown to be effective in the alleviation of IBD symp-
toms [68, 121–123]. In addition, polysaccharides [124]
and formononetin [125] were also reported to function
in IBD alleviation. Collectively, several kinds of herb-
al extracts might be used in the alleviation of IBD via
NLRP3 inflammasome inhibition. However, despite
the variety of herbal extracts in attenuating IBD, fur-
ther researches are demanded in the exploration of
novel and effective herbal extracts in the treatment of
IBD taking advantage of their NLRP3 inflammasome-
suppressive activity. In addition, the specific mecha-
nisms underlying should be investigated in order to
properly use in the treatment of IBD.
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Autophagy Inducers

According to our previous review, autophagy is
a self-protecting cellular catabolic pathway relying on
lysosomes [126]. The function of autophagy is to
degrade some long-lived proteins, damaged organ-
elles, and misfolded proteins for recycling [126,
127]. Traditionally, three kinds of autophagy have
been demonstrated, including macroautophagy, micro-
autophagy, and chaperone-mediated autophagy. Since
macroautophagy is the most studied one, it will be
referred to as Bautophagy^ in the following contents.
Besides those three classic forms of autophagy, sev-
eral other forms of autophagy have been demonstrat-
ed, including mitophagy, lipophagy, and xenophagy
according to their origins and functions [128–130].
The anti-inflammatory effect of autophagy has been
revealed by various studies, via which autophagy
plays an alleviative role in several inflammation-
and immune-related diseases [131–133]. As a result,
properly inducing autophagy might serve as an effec-
tive and potential therapy in the treatment of inflam-
matory or immune disorders.

So far, several NLRP3 inflammasome inhibitors
have been reported to be effective on the attenuation
of IBD taking advantage of autophagy induction. For
example, cannabinoid receptor 2 (CB2R), a kind of
seven transmembrane-spanning G protein coupled re-
ceptor, has been demonstrated to be alleviative in
IBD through its roles of inflammatory suppression
[134–136]. A previous study conducted by us dem-
onstrated that activating CB2R could fight against
multiple sclerosis in mice models through the sup-
pression of the NLRP3 inflammasome via autophagy
induction [137]. Recently, it was reported by us that
activating CB2R could alleviate the severity of colitis
in DSS-induced colitis mice models as well as in-
flammatory reaction in macrophages under the chal-
lenge of DSS/LPS. Those effects were mediated by
the inhibition of the NLRP3 inflammasome activation
through inducing adenosine 5 ′-monophosphate
(AMP)-activated protein kinase (AMPK)-mammalian
target of rapamycin (mTOR)-p70 ribosomal protein
S6 kinase (p70S6K) signaling-mediated autophagy,
indicating the alleviating effect of inhibiting the
NLRP3 inflammasome via autophagy induction [84].
In addition, ginsenoside Rd, a component of ginseng
belonging to a kind of deciduous perennial plant, has
been demonstrated to suppress oxidative stress and
inflammation in various kinds of disorders [138,

139]. In IBD, it was revealed by Liu et al. [140]
that the administration of ginsenoside Rd could ame-
liorate DSS-induced colitis through the induction of
p62-driven mitophagy suppression of the NLRP3
inflammasome in mice models via upregulation the
AMPK/Unc-51-like kinase (ULK1) signaling path-
way. Besides, kynurenic acid, an endogenous sub-
stance, was previously reported to be effective in
the alleviation of DSS-induced colitis through the
act ivat ion of GPR35 signal ing, thus induce
autophagy-dependent degradation of NLRP3 in mac-
rophages [141]. Taken together, proper induction of
autophagy might serve as a potential therapy in the
treatment of IBD taking advantage of inhibiting the
NLRP3 inflammasome.

MicroRNA

MicroRNAs (abbreviated as miRNAs) are a group of
small non-codingRNAmolecules found in plants, animals,
and some virus. MiRNAs contain about 22 nucleotides,
functioning in RNA silencing and post-transcriptional reg-
ulation of gene expression via binding to the 3′ untranslat-
ed regions of messenger RNAs (mRNAs) [142–144]. So
far, more than 2500 miRNAs have been identified in
human beings, playing a regulatory role in various kinds
of diseases [145, 146].

Based on previous studies, some miRNAs have been
reported to play an anti-inflammatory role in certain dis-
orders, thus serving as a potential and effective therapeutic
strategy [147, 148]. Although several miRNAs have been
shown to be associated with the regulation of the NLRP3
inflammasome, so far, only one miRNA, miRNA-223, has
been reported to protect against IBD taking advantage of
inhibition of the NLRP3 inflammasome activation [149,
150]. According to a related study, the level of miRNA-223
in the inflamed colon tissues was increased in patients with
IBD or IBD mice models [149]. The effect of miRNA-223
on IBD was revealed in a recent study conducted by
Neudecker and the colleagues [150]. In the study, they
demonstrated that mice with miRNA-223 deficiency
showed an exacerbation in clinical and histologic signs of
DSS-induced colitis as well as an enhancement of IL-1β
and associated chemokines. To figure out the association of
miRNA-223 and the NLRP3 inflammasome in IBD, they
used nanoparticle for the overexpression of miRNA-223
and found an attenuation of experimental colitis as well as
a decrease of the NLRP3 protein and the secretion of IL-
1β. Collectively, those data suggest an alleviative effect of
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miRNA-223 in the pathogenesis and progression of IBD
via the inhibition of the NLRP3 inflammasome (Table 1).

Others

Besides those classifications listed above, sev-
eral other well-studied agents have been reported to
function in alleviating IBD targeting on the inhibi-
tion of the NLRP3 inflammasome activation. For
instance, Shen et al. [151] demonstrated that vinegar
and its active component, acetic acid, significantly
reduced the disease activity index and histopatho-
logical scores in DSS-induced colitis mice models.
This effect was mediated by the inhibition of the
NLRP3 inflammasome via the regulation of the mi-
togen activated protein kinases (MAPK) signaling.
In addition, levornidazole, originally used to inhibit
anaerobic and protozoal infections, was revealed by
Wang et al. [152] on its alleviative effect on DSS-
induced colitis. They demonstrated that the pharma-
cological effect of levornidazole was mediated by
the inhibition of the NLRP3 inflammasome through
the decrease of the mitochondrial ROS generation.

In addition, it was previously reported that
MCC950, a diarylsulfonylurea-containing com-
pound, effectively alleviated IBD severity as well
as other inflammation-related diseases via suppress-
ing ASC oligomerization, thus inhibiting caspase-1-
dependent processing of IL-1β [66, 125, 153].
MCC950 was also demonstrated to inhibit both

canonical and non-canonical activation of the
NLRP3 inflammasome in the absence of inhibiting
NLRP1, AIM2, or NLRC4 inflammasomes [153].
Another sort of compound is caspase-1 inhibitors.
Caspase-1 inhibitors, including 1-ethyl-5-methyl-2-
phenyl-1H-benzo[d]imidazole and Fumigaclavine C,
have been reported to effectively attenuated DSS-
induced experimental colitis in mice through the
inhibition of caspase-1 activation [154, 155].

CONCLUSION

Based on discussions above, the NLRP3 inflam-
masome serves as an important factor in the pathogen-
esis and progression of both ulcerative colitis and
Crohn’s disease. So far, numerous studies have been
conducted in the exploration of specific mechanisms on
IBD and several agents have been investigated which
were shown to be effective in the alleviation of IBD in
IBD patients or colitis animal models. However, more
effective therapies against IBD are demanded to be
developed. In addition, since the proper level of the
NLRP3 inflammasome activation is considered to be
necessary in the maintenance of intestinal homeostasis
[156, 157], more efforts ought to be made in seeking of
the proper application of the NLRP3 inflammasome
inhibitors in the treatment of IBD. Further studies are
demanded on this issue.

Table 1. Potential Mechanisms of the NLRP3 Inflammasome Inhibitors in the Treatment of IBD

Classification Agent Mechanism Reference

Herbal extracts Curcumin Inhibition of K+ efflux, intracellular ROS formation,
and cathepsin B release; immune regulation

[55, 113–116]

Cardamonin Suppressing the expression of TLR4 and NF-κB; activation
of AhR/Nrf2 signaling; downregulation of the expression
of COX-2 and caspase-3

[108, 119, 120]

Flavonoids Downregulating cleaved caspase-1 and caspase-11 enzymes [68, 121–123]
Polysaccharides Inhibiting the expression of β-arrestin-1 [124]
Formononetin Decreasing the expression of NLRP3 and ASC [125]

Autophagy inducers CB2R agonist Induction of the AMPK-mTOR-p70S6K signaling-mediated
autophagy

[84, 134–136]

Ginsenoside Rd Induction of p62-driven mitophagy [138–140]
Kynurenic acid Induction of GPR35 signaling-mediated autophagy [141]

MicroRNA MiRNA-223 Decreasing the level of NLRP3 and secretion of IL-1β [149, 150]
Other NLRP3 inflammasome inhibitors Vinegar Regulation of the MAPK signaling [151]

Levornidazole Decreasing ROS generation [152]
MCC950 Blocking ASC oligomerization; inhibiting canonical and

non-canonical NLRP3 inflammasome
[66, 125, 153]

Caspase-1 inhibitors Inhibiting caspase-1 activation [154, 155]
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