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Abstract

Background: The NLRP3 inflammasome is a cytoplasmic
polymeric protein complex composed of the cytoplasmic
sensor NLRP3, the apoptosis-related spot-like protein
ASC, and the inflammatory protease caspase-1. NLRP3
activates and releases IL-1P through classical pathways,
and IL-18 mediates inflammation and activates
gasdermin-D protein to induce cellular pyroptosis. Nu-
merous studies have also emphasized the non-classical
pathway activated by the NLRP3 inflammasome in
chronic kidney disease (CKD) and the inflammasome-
independent function of NLRP3. Summary: The NLRP3-
targeting inflammasome and its associated pathways
have thus been widely studied in models of CKD treat-
ment, but no drug that targets NLRP3 has thus far been
approved for the treatment of CKD. Key Messages: We
herein reviewed the current interventional methods for
targeting the NLRP3 inflammasome in various CKD
models, analyzed their underlying mechanisms of action,
classified and compared them, and discussed the ad-
vantages and follow-up directions of various interven-

tional methods. This review therefore provides novel
ideas and a reference for the development of targeted
NLRP3-inflammasome therapy in CKD.

© 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Nucleotide oligomerization domain-like receptor
family pyrin domain-containing-3 (NLRP3) is a type of
cytoplasmic sensor composed of the central NACHT
domain, C-terminal leucine-rich repeats, and an
N-terminal pyrin domain (PYD) that can be used as a
pattern recognition receptor. The cytoplasmic poly-
protein complex that is composed of the apoptosis-
related speck-like protein (ASC) and inflammatory
protease caspase-1 is referred to as the NLRP3 in-
flammasome [1]. This complex participates in the re-
sponse to an endogenous danger signal (damage-asso-
ciated molecular pattern or DAMP [2]) or an exogenous
signal (pathogen-associated molecular pattern or PAMP
[2, 3]) to promote the release of inflammatory factors
and to induce cellular apoptosis.
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NLRP3 is mainly expressed in kidney innate cells and
immune cells [4]. Numerous studies have shown that the
NLRP3 inflammasome and its downstream effectors are
activated in the development of chronic kidney disease
(CKD) [5], including diabetic nephropathy (DN) [6],
lupus nephropathy [7], IgA nephropathy (IgAN) [8],
and crystalline nephropathy [9]. The NLRP3 in-
flammasome participates in the inflammation and injury
of CKD via both classical and non-classical signaling
pathways. Therefore, targeting the NLRP3 in-
flammasome and its downstream factors has become a
potential option in the treatment of CKD and com-
mensurate with target and disease model, the thera-
peutic effect varies. This review focuses on the role and
therapeutic effects of various interventional methods
that target the NLRP3 inflammasome in various CKDs,
and we discuss the choice of targeted NLRP3 applica-
tions for CKD in the future.

The NLRP3 Inflammasome in CKD

NLRP3 consists of three domains: a carboxyl terminal
leucine-rich repeat domain that possesses self-inhibition
and signal-recognition functions, a central adenosine
triphosphatase (ATPase) domain known as NACHT that
expresses ATP enzyme activity and mediates self-
oligomerization, and an amino-terminal PYD responsi-
ble for recruiting apoptosis-related spotted proteins
containing CARD (ASC) [1, 10]. As a signal sensor that
receives PAMPs and DAMPs [11], NLRP3 undergoes
self-oligomerization through a homotype PYD-PYD
domain interaction. Oligomeric NLRP3 then recruits
ASC through a homotype NACHT domain interaction,
induces ASC to gather into a macromolecular focus called
the ASC spot, and then recruits procaspase-1 through a
homotype CARD-CARD domain interaction. These ac-
tions then form an NLRP3-ASC-caspase-1 protein
complex [11-14] that is called the NLRP3 inflammasome.
The NLRP3 inflammasome can be divided into three
typical components: sensors, adapters, and effectors that
comprised NLRP3, ASC, and caspase-1, respectively.
Activation of the NLRP3 inflammasome induces
procaspase-1 to cleave itself to release caspase-1, mediates
the maturation and secretion of IL-1p and IL-18, and
cleaves and activates gasdermin-D (GSDMD) protein in
the cytoplasm [15-17]. The activated GSDMD protein is
subsequently transported to the cell membrane to form
holes that can release IL-1f, IL-18, and other cellular
contents [18]; and induces inflammatory cell death re-
ferred to as pyroptosis [15, 19, 20]. The activation of the
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NLRP3 inflammasome can then be partitioned into three
stages: the start stage (stage I), activation stage (stage II),
and effect stage (stage IIT) (Fig. 1). The start signals may
come from PAMPs (such as viral RNA, microbial toxins,
and bacterial surface components) and DAMPs (such as
uric acid crystals, ATP, aluminum adjuvants, and B-
amyloid peptides), Toll-like receptor (TLR) and nucleo-
tide oligomerization domain-like receptor (NLR) ligands,
TNF-q, or IL-1 that activate the transcriptional expression
of NLRP3, pro-caspase-1, and pro-IL-1B through the
Myd88-NF-kB pathway [3, 11, 21-24] - forming the
NLRP3 inflammasome. The signal in the activation stage
comes from cellular and molecular events induced by
PAMPs and DAMPs such as mitochondrial dysfunction,
release of mitochondrial reactive oxygen species (mtROS),
K+ efflux, lysosomal destruction, and adenine triphos-
phate (ATP) - inducing the lysis of the NLRP3 in-
flammasome and the release of caspase-1 [25-29]. The
effect stage is separated into classical and non-classical
pathways. In the classical pathway, caspase-1 cleaves pro-
IL-1f, pro-IL-18, and GSDMD, releasing IL-1f and IL-18
to mediate inflammation; and N-terminal-gasdermin-D
creates cracks in the cell membrane and induces cellular
pyroptosis [30]. In the non-classical pathway, human
caspase 4/5 (homologous to mouse caspase-11) may be
activated by lipopolysaccharide (LPS) released by bacterial
infection, playing a regulatory role independent of caspase-
1 [6]. Some studies have also revealed that NLRP3 is
independent of the inflammasome and involved in mi-
tochondrial potassium efflux that activates the NLRP3-
ASC-caspase-8 pathway to mediate the release of in-
flammatory cytokines or ROS release in mitochondria to
regulate the TGF-B-Smad-signaling pathway and thereby
promote renal fibrosis [5, 30].

There are various modes of initiation and activation of
the NLRP3 inflammasome in CKD, there exist classical/
non-classical and inflammasome-dependent/-indepen-
dent forms, and there are numerous interventional ap-
proaches that can affect NLRP3. Herein, we classify the
modes targeting the NLRP3 inflammasome as follows. (1)
In class I, the NLRP3 inflammasome and its downstream
factors are found to exert inhibitory effects in clinical and
experimental studies; however, the mechanism remains
unknown or the therapy requires further verification. (2)
In class II, clinical and experimental studies have dem-
onstrated a clear mechanism of action for these therapies
targeting the NLRP3-inflammasome pathway, and ac-
cording to its targeting stage, it is divided into a/b/c
categories. Class Ila targets NLRP3 at the start stage, class
ITb targets NLRP3 at the activation stage, and class Ilc
targets NLRP3 at the effect stage (Fig. 2).
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Fig. 1. NLRP3 mediates inflammation and injury in CKD. NLRP3
plays a role in the kidney in inflaimmasome-dependent and
inflammasome-independent pathways, and its inflammasome-
dependent role can be divided into classical and non-classical.
In the classical pathway of the NLRP3 inflammasome, renal cells
receive signals from PAMPs and DAMPs through TLRs or NLRs
and activate NF-kB-signaling pathways, resulting in increased
expression of NLRP3 inflammasome components and some
precursors, constituting the initiation stage of NLRP3 activation.
Then, in the activation stage, PAMPs and DAMPs induce cellular
and molecular events such as mitochondrial dysfunction, the
release of mitochondrial reactive oxygen species (mtROS), K+
efflux, lysosomal destruction, adenine triphosphate (ATP), etc.;
induce oligomerization of NLRP3; and recruit ASC and
procaspase-1 to form inflammasome complexes that activate
caspase-1. In the effect stage, activated caspase-1 cleaves pro-IL-1f
and pro-IL-18 to mature IL-1f and IL-18, respectively, mediating

Targeting the NLRP3 Inflammasome in Treating CKD

As a special organ with a function of excreting metabolic
wastes, drugs, and toxins, the kidney may be exposed to
DAMPs or PAMPs for a lengthy period. Thus, NLRP3 can

NLRP3 Inflammasome in Chronic Kidney
Disease
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the inflammatory response. Caspase-1 also cleaves gasdermin-D to
form activated gasdermin-D with an N-terminal - forming
crevices in the cell membrane - releases intracellular DAMP
signals, and mediates cell scorching. The non-classical pathway of
NLRP3 inflammasome action principally depends on human
caspase-4/5, which is homologous to mouse caspase-11. The in-
flammasome can bind LPS directly through the CARD domain,
activate caspase-4/5 and caspase-11, cleave pro-IL-1 and
gasdermin-D, and induce inflammation and cellular pyroptosis. In
addition, caspase-8 also mediates the release of IL-1p through the
NLRP3-ASC-caspase-8 pathway. The inflammasome-independent
action of NLRP3 in CKD primarily mediates renal fibrosis.
NLRP3-ASC activates ROS in the mitochondria, and these ROS
enhance the phosphorylation of regulatory Smad proteins induced
by TGF-B, thus promoting the expression of profibrotic genes.
Myd88, myeloid differentiation factor; NEK7, NIMA-related ki-
nases; TGF-p, transforming growth factor-p.

be activated in renal monocytes, renal tubular epithelial cells
(TEC), glomerular endothelial cells, mesangial cells, and
podocytes. Next, we will review targeting NLRP3 to treat
CKDs that include DN, lupus nephritis (LN), IgAN,
crystalline nephropathy, and obstructive nephropathy.
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Fig. 2. Classification of pathways to target the NLRP3 in-
flammasome in CKD models. Class I is an intervention that can
reduce NLRP3 and its downstream effectors in the study of
CKD, but the specific inhibitory mechanism(s) remains un-
clear. Class Il interventions have been found to act on some key
factors in the activation of the NLRP3 inflammasome and
portray a targeted role. The class ITa mode principally acts on

Diabetic Nephropathy

DN is one of the most common microvascular com-
plications of diabetes and one of the main causes of end-
stage renal disease. The characteristic clinical manifesta-
tion of DN is persistent albuminuria and/or progressive
decrease in glomerular filtration rate. Its pathological
features include thickening of the glomerular basement
membrane, extracellular matrix deposition, renal inter-
stitial fibrosis, nodular glomerulosclerosis and decreased
number of endothelial cells. These changes lead to
structural and functional damage to the kidneys, which can
eventually progress to renal failure. DN is characterized by
typical aseptic inflammation [31]. Hyperglycemia and its
related metabolic rearrangements can be used as DAMPs
detected by NLRP3 and activate the NLRP3 in-
flammasome through mitochondrial ROS [26]. Previous
studies have shown that the activation of specific NLRP3
inflammasomes in podocytes promotes the development
of DN in mice, which is exhibited as increased albu-
minuria, glomerular mesangial dilation, and increased
thickness of the glomerular basement membrane [6].
There are many drugs that can be used in the DN model,
most of which are anti-hyperglycemic medications and
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cells to receive DAMPs/PAMPs. The class IIb mode mainly acts
on the process from the signal to the initiation stage of olig-
omerization of NLRP3, where the NLRP3 inflammasome is
induced by an activational signal, releases caspase-1, and
performs a cutting role; while the class IIc mode chiefly targets
IL-1pB, IL-18, and activated gasdermin-D, exerting an action at
the effect stage.

natural herbal drugs that manifest inhibitory effects on
NLRP3, but their mechanism(s) of action requires further
corroboration, and thus, this group of drugs is relegated to
class I intervention [32-34]. Class II intervention then
occupies a corresponding role in the DN model by in-
hibiting the initiation and activation of NLRP3.

Class I Intervention in DN

Research has in recent years shown that in addition to
common diabetes drugs such as insulin [32, 35] and bi-
guanides [33], natural herbal compounds such as curcu-
min [36], salidroside [37], and dihydroquercetin [34] also
inhibit NLRP3 and its downstream factors in a DN model.
Insulin, for example, is able to inhibit the activation of ASC
in an LPS-induced cell/animal model [32, 35]. Interven-
tional therapy can improve albuminuria, but barely mit-
igates renal tissue damage; this therefore requires further
study in a DN model. Biguanides increase DRP1 phos-
phorylation in an AMPK-dependent manner to inhibit
oxidative stress and further inhibit NLRP3 activation, but
its effects on renal inflammation and injury remain arcane
[33]. While curcumin, salidroside, dihydroquercetin, and
other natural herbal compounds have not been studied in
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DN, they are nevertheless capable of inhibiting the ex-
pression of NLRP3 and its downstream factors. These
substances act in a protective capacity in the kidney, in-
cluding reducing urinary microalbumin excretion, hy-
perglycemia, and lipid metabolism disorder, and reducing
renal damage [34, 36, 37].

Class IIa Intervention in DN

Natural betaine and Huangkui capsule have been
demonstrated to inhibit NF-kB/NLRP3 and to reduce the
initiation of NLRP3 activation; and interventional treat-
ment in a DN mouse model reduced urinary protein,
creatinine, urea nitrogen, uric acid, glomerular mesangial
hyperplasia, and renal fibrosis [38, 39]. Some authors found
that miRNA and miR-10 (including miR-10a and-10b)
were enriched in the kidney, being mainly expressed in
renal TECs and glomerular podocytes; and were negatively
correlated with activation of the NLRP3 inflammasome in
the kidneys of mice and patients with diabetic kidney
disease (DKD). Prophylactic treatment can reduce mac-
rophage infiltration, mesangial proliferation, renal fibrosis,
podocyte injury, and proteinuria in two types of diabetic
models, streptozotocin (STZ)-induced mice and db/db
mice, but only improves renal inflammation and pro-
teinuria in established DKD mice, and cannot reverse renal
injury. MiR-10a/b primarily targets 3’ untranslated regions
(UTRs) of NLRP3 mRNA to negatively regulate the NLRP3
signal and disrupt the cleavage of caspl and the maturation
of IL-1b [40, 41].

Class IIb Intervention in DN

MCC950 is one of the most promising inhibitors available
to specifically block the activation of NLRP3, IL-1, and IL-
18 and principally acts on the NACHT domain of NLRP3,
blocking conformational change and oligomerization of
NLRP3 [42]. MCC950 is rarely used in the DN model, but it
is intriguing that preventive administration can improve
renal function and injury in a model of diet-induced type 2
diabetic insulin resistance [43]. In a model of insulin defi-
ciency in type 1 diabetes induced by streptozotocin, pre-
vention and treatment exacerbated renal inflammation and
injury, including mesangial dilatation and glomerulo-
sclerosis [44]. CY-09 is a novel NLRP3 inflammasome-
specific inhibitor that directly binds to the ATP-binding
region of the NLRP3 protein, inhibiting its ATP-hydrolytic
activity; this then attenuates its oligomerization and sub-
sequent inflammasome-complex assembly in a dose-
dependent manner. Interventional treatment in a DKD
mouse model reduced renal inflammation, oxidative stress,
apoptosis, and fibrosis [45]. AB38b is a newly synthesized
biphenyl diester derivative with an Nrf2-activation property.

NLRP3 Inflammasome in Chronic Kidney
Disease

By activating the Nrf2 gene (a known antioxidant tran-
scription factor), AB38b is able to inhibit the ROS/TXNIP/
NLRP3-signaling pathway, significantly reducing the levels
of the NLRP3 inflammasome in diabetic rats, improving
renal function, and delaying renal fibrosis [46] (Table 1).

Lupus Nephritis

LN is a common and serious complication in patients
with systemic lupus erythematosus. The clinical mani-
festations of LN range from mild asymptomatic pro-
teinuria or hematuria to severe nephrotic syndrome or
acute progressive nephritis syndrome [7]. A cohort study
of patients with LN revealed that the expression rates of
NLRP3, ASC, caspase-1, IL-1B, and IL-18 were signifi-
cantly augmented in the kidneys of patients with LN; and
that these molecules were mainly expressed in glomerular
mesangial cells, podocytes, TECs, and macrophages [47].
Other studies have shown that the activation of NLRP3 in
podocytes promoted the development of LN [48]. Cur-
cumin, piperine, and other natural compounds are also
used in LN models, and these may inhibit NLRP3 by
regulating immunity [49-51]. Xenon as a specific treat-
ment has been used alone in a LN model as an Ila in-
tervention, generating renal protection; and there is a
possibility that it can used in other CKD models [52].

Class I Intervention in LN

Curcumin is also used in the treatment of LN, and can
inhibit NLRP3 and its downstream factors, reducing
proteinuria and renal inflammation [49]. Vitamin D
receptor and the NLRP3 inflammasome have been found
to occupy a key role in the pathogenesis of LN). Other
studies have shown that vitamin D receptor agonists
regulate the NF-kB/NLRP3/caspase-1/IL-1B/IL-18 axis
and inhibit NF-kB nuclear translocation, thus improving
renal injury and proteinuria [53]. The specific mecha-
nism, however, remains to be further clarified.

Class IIa Intervention in LN

Xenon is an inert anesthetic gas with good cytopro-
tective and anti-inflammatory properties. In the LN
model, xenon not only reduces the level of serum anti-
body and complement but also inhibits the activation of
the NF-kB/NLRP3 inflammasome, reducing the pro-
duction of ROS, further improving renal function and
pathologic damage, and inhibiting apoptosis [52].

Class IIb Intervention in LN

Piperine is a natural compound found in black pepper
and other related herbs that contain numerous biologic
activities such as immune regulatory, anti-cancerous, anti-

Kidney Dis 2024;10:369-383
DOI: 10.1159/000539496

373


https://doi.org/10.1159/000539496

Table 1. Effects and mechanisms of targeting the NLRP3 inflammasome in DN

Method Classification Target Effects on renal tissue/function  References

Insulin | ASC Improvement of albuminuria Ganugula et al. [32] (2022),
Chang et al. [35] (2021)

Biguanides | Oxidative stress Unclear Li et al. [33] (2016)

Curcumin, salidroside, | Uncertain

dihydroquercetin, and

Protection of renal function and
reduction of renal damage

Ganugula et al. [32] (2022),
Ding et al. [34] (2018), Lu

others et al. [36] (2017), Zhou et al.
[37] (2022)
Natural betaine and lla NF-kB/NLRP3 Reduction in urinary protein and Duan et al. [38] (2022), Han

Huangkui capsule

creatinine; reduction of

et al. [39] (2019)

glomerular mesangial
hyperplasia and renal fibrosis

Mi-RNA10 lla 3 'UTR of NLRP3 Prevention: reduction of renal Ding et al. [40] (2021), Li
mRNA tissue and functional damage et al. [41] (2022)
Intervention: reduction in
inflammation and improvement
of renal injury
MCC950 Ilb NACHT domain of  Prevention (IR): improvement in Tapia-Abellan et al. [42]
NLRP3 renal function and injury (2019), Zhang et al. [43]
Prevention or Intervention (ID):  (2019), @stergaard et al. [44]
aggravation of renal (2022)
inflammation and injury
CY-09 llb ATP-binding region Reduction in renal inflammation, Yang and Zhao [45] (2022)
of NLRP3 oxidative stress, apoptosis, and
fibrosis
AB-38b Ilb ROS/TXNIP/NLRP3- Improvement in renal function  Du et al. [46] (2020)

signal-transduction
pathway

and delay of renal fibrosis

oxidative, anti-inflammatory, and anti-asthmatic effects.
In the lupus nephropathy model, targeting ATP-activated
protein kinase (AMPK) significantly inhibited the acti-
vation of the NLRP3 inflaimmasome, diminished the re-
lease of pro-inflammatory cytokines, and reduced renal
injury [50]. MCC950 is also used in LN to improve glo-
merular function and injury [54] (Table 2).

IgA Nephropathy

IgAN is a common primary glomerulonephritis
worldwide. Its underlying pathogenesis involves mesangial
deposition of galactose-deficient IgA1 immune complexes
that leads to up-regulation of innate immunity and acti-
vation of the complement cascade [55]. Immune complexes
containing IgA1 activated the NLRP3 inflammasome in the
kidney [56], and knockout of NLRP3 or a kidney-targeting
delivery of an NLRP3 shRNA improved renal function and
renal injury in a mouse IgAN model [8]. There are
presently numerous treatments for targeting the NLRP3

374 Kidney Dis 2024;10:369-383

DOI: 10.1159/000539496

inflammasome in the IgAN model. For instance, class I
therapies such as Bifidobacterium [57] and ginsenoside
(compound K) [58] reduce the expression of NLRP3 and its
downstream factors, and are used as adjuvant therapies in
IgAN. Of the class II therapies, most are derived from
natural herbal treatments and have been found to inhibit
the initiation of NLRP3 activation, potentially acting on the
NF-kB/NLRP3 pathway [59-62]. Whether the effectors of
these drugs possess the same characteristics is worthy of
further study. As targeted therapies, LCC18 [63] and
tris(dibenzylideneacetone)dipalladium (TrisDBA) [64]
significantly improve renal function and injury in an IgAN
model.

Class I Intervention in IgAN

Probiotics/Bifidobacteria has the potential to be used
as adjuvant therapies for IgAN. In the IgAN model,
investigators determined that probiotics and their me-
tabolite short-chain fatty acids (SCFAs) reduced urinary

Ji/Hua/Jia/Zhang/Ding
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Table 2. Effects and mechanisms of targeting the NLRP3 inflammasome in LN

Methods Classification Target Effects on renal tissue/function References
Curcumin | Uncertain Reduction in albuminuria and renal inflammation Zhao et al. [49]
(2019)
Vitamin D | NF-kB/NLRP Improvement of kidney injury and proteinuria Huang et al. [53]
receptor (2021)
agonist
Xenon lla NF-kB/NLRP3 Improvement in albuminuria and reduction of Yang et al. [52]
and ROS immunoprecipitation and kidney injury (2020)
Piperine Ib AMPK Reduction in renal injury and apoptosis Peng et al. [50]
(2018)
MCC950 Ib NACHT domain  Improvement of albuminuria and renal damage Fu et al. [54]
of NLRP3 (2017)

protein and renal injury by inhibiting the NLRP3/ASC/
caspase-1-signaling pathway [57]. Ginsenosides (e.g.,
compound K) and triptolide were also found to attenuate
the expression of NLRP3 and its downstream factors in an
IgAN model, and to exact a protective role in the kidney
[58, 65]. The mechanism(s) underlying these actions,
however, remains unclear.

Class IIa Intervention in IgAN

Artemisinin + hydroxychloroquine, icariin, Zhen-wu-
tang, osthole, and other Chinese herbal or traditional
medicines were also verified in the IgAN model by in-
hibiting NF-kB/NLRP3; reducing the initiation of NLRP3
activation; improving the levels of albuminuria, serum
creatinine, and urea nitrogen; and alleviating renal injury
[59-62]. LCC18 is a benzamide-linked small molecule
that in two complementary IgAN models established in
C57BL/6 and GDDY mice abrogated the initiation of the
NLRP3 inflammasome as mediated by the by MAPKs/
COX-2 axis and blocked NLRP3 oligomerization and
inflammasome assembly by inhibiting the binding of
NLRP3 to NEK7 and ASC. LCCI18 also protected renal
function by activating autophagy and inhibiting the ac-
tivation of the NLRP3 inflammasome [63]; it is expected
to become a candidate drug for the treatment of IgAN.

Class IIb Intervention in IgAN

TrisDBA is a small-molecule palladium complex used
in the treatment of B-cell malignant tumors, and some
researchers postulate that it can alleviate immune com-
plex (IC)-mediated diseases, especially IgAN. Additional
studies revealed that TrisDBA treatment of IgAN mice
significantly improved renal function, proteinuria, and
renal damage and inflammation; and reduced the for-

NLRP3 Inflammasome in Chronic Kidney
Disease

mation of mitochondrial ROS. The mechanisms under-
lying TrisDBA action include inhibition of the MAPK-
signaling pathway and passivation of ROS-mediated
inflammation, enhancing SIRT1- and SIRT3-mediated
autophagic induction, and autophagy-mediated NLRP3
inflammasome suppression [64] (Table 3).

Crystalline Nephropathy

Crystalline nephropathy is a common type of kidney
disease. In the model of crystalline nephropathy, the
formation and deposition of crystals are key to renal injury,
and these activities have been demonstrated to be involved
in NLRP3 in numerous studies, and are related to the
production of ROS induced by crystals [66-69]. These
researchers also ascertained that the IL-1 antagonist
anakinra did not protect the kidneys from lens damage in a
model of oxalate-induced crystalline nephropathy, while
NLRP3 inhibitors acted in anti-inflammatory and anti-
fibrotic fashions. In vitro experiments substantiated that
NLRP3 regulated the TGF-B/SMA-signal transduction
pathway and macrophage phenotype in fibroblast acti-
vation and proliferation in an inflammasome-independent
manner [70, 71]. These data provide a novel explanation
for the increased differential effects at different stages of
targeted NLRP3-inflammasome activation. There are
many ways to target the NLRP3 inflammasome in the
model of crystalline nephropathy, although the mecha-
nism of action is arcane: Plantaginis semen polysaccha-
rides (PSPs) [72], vitexin [73], MiR-223-3p [74], and
atorvastatin [75] are targeted at the initiation stage of the
NLRP3 inflammasome; while MCC950 [67] and polydatin
[69] are targeted at the activation stage. We posit that
greater attention be afforded to the effects of various
treatments in improving renal fibrosis.
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Table 3. Effects and mechanisms of targeting the NLRP3 inflammasome in IgAN

Effects on renal tissue/function References

Method Classification Target

Bifidobacterium | NLRP3/ASC/
caspase-1
pathway

Reduction in albuminuria and
kidney injury

Tan et al. [57] (2022)

CK, triptolide I uncertainty

Wu et al. [58] (2020), He
et al. [65] (2015)

Renal protective effect

Artemisinin + lla NF-kB/NLRP3 Improvement in the levels of Bai et al. [59] (2019), Hua
hydroxychloroquine, icariin, albuminuria, serum creatinine, et al. [60] (2013), Li et al.
Zhen-Wu-Tang, osthole and urea nitrogen; reduction of [61] (2020), Zhang et al.
renal injury [62] (2017)
LCC-18 lla MAPKs/COX-2; Reduction in proteinuria and Yang et al. [63] (2021)
NEK7-NLRP3-ASC; renal pathologic damage
Autophagy
TrisDBA lb Autophagy Improvement of renal function Wu et al. [64] (2020)

and renal pathologic changes

Class I Intervention in Crystalline Nephropathy

PSPs, chloroquine, and vitexin are able to reduce the ex-
pression of NLRP3, ASC, and caspase-1; reduce urinary
protein and uric acid; and improve renal interstitial inflam-
matory infiltration and fibrosis in a hyperuric acid ne-
phropathy model [72, 73, 76]. It has been reported that the
ELR-CXC chemokine and its receptor CXCR1/2 are critical in
many inflammatory diseases. When the CXCRI1/CXCR2
antagonist G31P was used in the hyperuric acid nephropathy
model, it functioned in a manner similar to that of plantain
polysaccharides, but the mechanism of its inhibition of NLRP3
remains unelucidated [77]. Carvanol and the deletion of
receptor-interacting protein 3 (RIP3) may reduce uric acid and
renal injury by regulating the NRLP3/NF-«kB pathway (78, 79].

Class IIa Intervention in Crystalline Nephropathy

MiR-223-3p directly binds to the 3'-UTR of NLRP3 to
inhibit its expression, and IncRNA X inactive-specific tran-
script (XIST) competitively binds to MiR-223-3p to increase
the translation of NLRP3; thus, the application of MiR-223-3p
structural analogs combined with XIST can inhibit NLRP3
[74]. In a calcium oxalate nephropathy model, MiR-223-3p
reduced the deposition of renal CaOx in oxidative renal
injury. Methyl gallate is a gallotannin that is widely distributed
in edible plants and reflects antioxidant, anti-inflammatory,
and anti-tumor effects [80]. It can regulate NF-kB- and
MAPK-signaling pathways; inhibit the assembly of the
NLRP3 inflammasome by blocking ROS overproduction and
oligomerization of NLRP3 in the hyperuricemic nephropathy
model; reduce the levels of uric acid, creatinine, and urea
nitrogen; and improve arteriosclerosis, glomerulosclerosis,
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and renal tubulointerstitial fibrosis [81]. Atorvastatin also
attenuated renal inflammation and injury induced by calcium
oxalate crystals and improved crystal deposition by inhibiting
the TLR/NF-kB/NLRP3 pathway [75].

Class IIb Intervention in Crystalline Nephropathy

MCC950 (also referred to as CP-456,773) targets the
NACHT domain of NLRP3 and blocks conformational
change and oligomerization of NLRP3 [82]. MCC950 prin-
cipally targets NLRP3 in CD11c dendritic cells in crystalline
nephropathy, and this inhibits tubulointerstitial inflammation
and fibrosis, and reduces serum urea nitrogen and creatinine
levels in crystalline nephropathy [67]. Polydatin is a type of
plant rhizome extract with anti-inflammatory, antioxidant,
and anti-tumor effects. In the calcium oxalate, crystal-induced
renal injury model, polydatin inhibited the activation of the
NLRP3 inflammasome by reducing ROS in the cytoplasm
and mitochondria, effectively alleviating inflammatory
damage and crystal deposition in the kidney [69] (Table 4).

Obstructive Nephropathy

Obstructive nephropathy is a condition in which the flow
of urine in the urinary system is obstructed, resulting in
impaired kidney function and structure. Obstructive ne-
phropathy may occur acutely or may develop slowly. Pre-
vious studies have revealed that NLRP3 is involved in CKD
caused by unilateral ureteral obstruction (UUO). In the UUO
model and compared with the control group, the inflam-
mation, injury, and fibrosis of renal tubules in NLRP3-KO
mice were significantly mitigated. These detrimental effects
were related to the diminution in the levels of NLRP3,
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Table 4. Effects and mechanisms of targeting the NLRP3 inflammasome in crystalline nephropathy

Method Classification Target

Effects on renal tissue/function

References

PSPs, Chloroquine, | NLRP3/ASC/
G31P, vitexin caspase-1
pathway

Reduction in albuminuria and uric acid;
improvement in renal interstitial
inflammatory infiltration and fibrosis

Zhao et al. [72] (2021), Ding
et al. [73] (2021), Cui et al. [76]
(2023), Ye et al. [77] (2018)

Carvanol and RIP3 | NF-kB/NLRP3

Reduction in uric acid, CRP, and kidney

Riaz et al. [78] (2022), Wang

damage et al. [79] (2018)
XIST inhibition/ lla 3’UTR of Abatement of CaOx, renal calcium Lv et al. [74] (2021), Sun et al.
MiR-223-3p NLRP3 mRNA deposition, and oxidative renal injury [75] (2020)
Methyl gallate, lla NF-kB and Improvement in renal function and renal Sun et al.[75] (2020), Liang et al.
atorvastatin MAPK pathologic damage [80] (2023), Liu et al. [81] (2021)
MCC950 b NACHT Reduction in tubulointerstitial Ludwig-Portugall et al. [67]
domain of inflammation and fibrosis; serum urea (2016), Sakai et al. [82] (2016)
NLRP3 nitrogen and creatinine
Polydatin Ilb ROS Relief of oxidative stress and inflammatory Liu et al. [69] (2023)

damage

caspase-1, and IL-1B; and the drop in ROS production in
mitochondria and elevation in the level of autophagy [83, 84].
In studies related to autophagy, authors established that
autophagy in distal TECs protected the onset of renal fibrosis
by regulating Smad4-dependent TGF- pathway in the UUO
model [85, 86]; and that autophagic damage also raised the
expression of NLRP3, caspase-1, IL-1P, and mitochondrial
ROS [87]. These studies suggest that NLRP3 plays an
inflammasome-dependent/independent role in UUO, and
emphasizes the non-inflammasome-dependent role of
NLRP3; these two activities regulate each other with auto-
phagy. In addition to the class I interventional methods such
as ghrelin [88] and curcumin [89] adopted in the UUO model
to reduce the levels of NLRP3 (using an undefined mecha-
nism), there exist class Ila intervention methods such as bi-
ochanin A (BCA) [90] and NSC828779 [91] that target TGEF-
f1/Smad2/3, NF-kB/NLRP3, and IIb class intervention acti-
vators of PGC-1a on mitochondria [92]. It should be noted
that there are differences in the effects of these interventions.

Class I Intervention in Obstructive Nephropathy

Drugs such as ghrelin [88], psoralen (PS) [93], cyclic
helical B peptide (CHBP) [94], giglitine [95], and Tongluo
Yishen decoction [96] have been used in a UUO model of
CKD, and these substances reduced the expression of NLRP3
and its downstream factors, reduced renal cell apoptosis,
inhibited renal fibrosis, and generally manifested protective
effects on the kidney. Curcumin has been shown to exert an
antifibrotic effect in the past, but this effect may be related to
autophagy in the UUO model [89]. Some investigators have
determined that compound K plays a protective role in many

NLRP3 Inflammasome in Chronic Kidney
Disease

stages — as shown for NF-kB/NLRP3, TGF-f31/Smad2/3, and
ROS in UUO - but its specific underlying mechanism of
action requires further study [97].

Class IIa Intervention in Obstructive Nephropathy

In the mouse UUO model, BCA treatment significantly
reduced the expression of NLRP3, caspasel, IL-18, and IL-1p
proteins; reduced renal tubular injury and accumulation of
abnormal extracellular matrix; and inhibited the expression of
the TGF-p1/Smad2/3-signaling axis and the activation of NF-
kB in the kidney. BCA additionally inhibited the expression of
fibrin in renal fibroblasts activated by TGF-f1 in vitro [90].
Authors have suggested that BCA exerts a therapeutic effect
on renal fibrosis in the UUO model, and that its improve-
ment is achieved through the TGF-f1/Smad2/3- and the NF-
kB/NLRP3-signal-transduction pathways. A research team
synthesized the salicylanilide derivative NSC828779 that
specifically inhibited the activation of NF-kB. In the UUO
mouse model and mechanically induced constant- pressure
renal TEC model, NSC828779 treatment improved renal cell
damage, significantly reduced the severity of renal inflam-
mation and fibrosis in UUO mice, and significantly decreased
the level of urinary cytokines [91]. This small-molecule
specific inhibitor is thus worthy of further study.

Class IIb Intervention in Obstructive Nephropathy

PGC-1a is a key regulator of mitochondrial biogenesis. In
the UUO model, the expression of PGC-1 a and mito-
chondrial dynamic-related genes was inhibited, and the
NLRP3 inflammasome activated, resulting in inflammation
and fibrosis [84, 92]. Since the activation of NLRP3 is related
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Table 5. Effects and mechanisms of targeting the NLRP3 inflammasome in obstructive nephropathy

Method Classification  Targeting Effects on renal tissue/ References
function
Ghrelin, PS, CHBP, | Uncertain Reduction in renal cell Ling et al. [88] (2019), Lee et al.
gemigliptin, Tongluo apoptosis and inhibition [93] (2023), Qi et al. [94] (2020),
Yishen decoction of renal fibrosis Seo et al. [95] (2019), Jia et al. [96]
(2022)
Curcumin | Autophagy Improvement of renal Lu et al. [89] (2021)
fibrosis
CK I NF-kB/NLRP3; Hsu et al. [97] (2020)
STAT3; TGF-B1/
Smad2/3
BCA, NSC828779 lla TGF-B1/Smad2/3;  Alleviation of renal Ram et al. [90] (2022), Yang et al.
NF-kB/NLRP3 interstitial injury and [91] (2021)
inflammatory factor
accumulation
PGC-1a Ilb Mitochondria Reduction in renal cell Nam et al. [92] (2022)

injury and fibrosis

to mitochondrial damage, an activator of PGC-1 a (eg,
metformin) has been applied to the analysis of renal damage in
UUO [92]. The function of mitochondria is improved via the
induction of plasmids and an activator, the levels of NLRP3
and oxidative stress in the kidneys are reduced, and renal
inflammation and fibrosis are thereby improved (Table 5).

Discussion

We herein reviewed the role of NLRP3 in CKD, as well as
the mechanisms and effects of different interventional methods
in diverse disease models. We can infer the actual mechanism
of an intervention, although that for class I intervention is
unelucidated. For the class I intervention that solely reduces
inflammatory factors or urinary protein, we speculate that it
may only reduce the NLRP3 initiation signal from its primary
pathogenesis, and reduce the initiation of NLRP3 activation so
as to attenuate the expression of NLRP3 (this is the case for
curcumin and CK). The class I intervention whose mechanism
needs to be further verified involves the inhibition of the
NLRP3 inflammasome in the initiation or activation stage, but
its role in the model may be unsatistactory due to its low
efficiency or inconsistent verification (e.g., the application of
Bifidobacterium in IgAN). Theoretically speaking, the advan-
tage of the class II intervention mode that acts only in the
initiation phase over that in the activation phase lies in the
independent action of the inflammasome in NLRP3, and this is
currently known to be manifested in the profibrotic phenotype
of TEC fibrosis; however, this distinction has not been shown
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in recent studies. There may be reasons for this: first, less
attention has been given to the changes in renal tubular
function and injury in these studies; in addition, most of the
class IIb interventions were specific inhibitors that were more
efficient than some class Ila drug interventions, and therefore
the difference was not significant. In addition, class Ilc in-
terventions such as caspase-1 inhibitors and IL-1 inhibitors
(which do not appear in this analysis) are often used to verify
the non-classical pathway of the NLRP3 inflammasome, and
there are few treatments that target the NLRP3 pathway in
CKD models. According to its pathway of action and the
components involved in some studies, class Ilc intervention is
often not as effective as that for class Ila or IIb inhibitors, and its
scope of application therefore needs further exploration.

We also find that the same intervention wields distinct
functions in different disease models; such is the case for
MCC950. As a specific inhibitor of NLRP3, MCC950 mainly
targets the NACHT domain of NLRP3 and prevents the
polymerization of NLRP3 to the NLRP3 inflammasome.
MCC950 can, for example, act in a protective role through
preventive administration in the diet-induced type 2 diabetic
model of insulin resistance. However, in the model of insulin
deficiency in type 1 diabetes induced by streptozotocin, pre-
ventive and therapeutic administration exhibits an antithetical
effect, and this variation thus needs to be further examined. In
addition, in the mouse model of LN, MCC950 may be more
likely to target NLRP3 in podocytes, and its improvement of
glomerular injury and its abrogation of podocytes are therefore
more obvious. In crystalline nephropathy, MCC950 principally
targets NLRP3 in CD11c dendritic cells, and the improvement
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of renal function and injury is also more marked in renal
tubules. This shows the diversity of active signaling pathways
for the NLRP3 inflammasome in different diseases and also
indicates the specificity of inhibiting NLRP3 in the same
diseases. This reminds us that we need to be more rigorous in
the translation of treatment of the NLRP3 inflammasome to
clinical application.

This paper did not entail the adverse effects of targeting
NLRP3, and thus, we only explored the future research di-
rection of targeting the NLRP3 inflammasome in the treatment
of CKD. More-specific NLRP3-targeting drugs such as
MCC950 and CY-09 directly prevent the formation of the
NLRP3 inflammasome, and a large number of targeting studies
have therefore been conducted. Theoretically, these specific
NLRP3 inhibitors can be used to treat all NLRP3-driven dis-
eases, but as mentioned earlier, their effects vary in different
CKDs, and there is a lack of experimental models that involve
long-term use; thus, potential side-effects cannot be ignored.
Another potential avenue for development is the adoption of
natural herbal compounds that are used in all disease models,
including betaine, carvanol, and Zhenwu decoction. Studies
have shown that these drugs may inhibit the activation of
NLRP3 by targeting the NF-kB/NLRP3 pathway. Their ad-
vantages are that these treatments have been used for many
years, and that their side-effects are relatively clear. However, the
development of specific and efficient NLRP3-targeting drugs
necessitates additional investigation so as to clarify their
components and mechanisms of action. In addition, xenon, as
an ideal anesthetic inert gas, has played an unexpected role in
targeting NLRP3 in LN models. Previous studies have found
that xenon plays a protective role in renal ischemia-reperfusion
[98, 99], renal transplantation [100], and gentamicin-induced
renal injury models [101], which gives it an advantage in the
development of renal protective therapies. Although there is still
alack of sufficient data on its application in CKD, it is still worth
developing some clinical trials due to its stability.

In addition to the CKD model described above, NLRP3 is
also being studied in acute kidney injury (AKI), such as
acute renal injury induced by ischemia-reperfusion [102],
LPS [103, 104], iodinated contrast agent [105], cisplatin
[106] and glycerol induced rhabdomyolysis acute ne-

References

1 Andreeva L, David L, Rawson S, Shen C, Pasricha
T, Pelegrin P, et al. NLRP3 cages revealed by full-
length mouse NLRP3 structure control pathway
activation.  Cell.  2021;184(26):6299-312.€22.

https://doi.org/10.1016/j.cell.2021.11.011 nri.2016.151

2 Minton K. DAMP-driven metabolic adap- 4 Leemans JC, Kors L, Anders H-J, Florquin S.
Pattern recognition receptors and the in-
flammasome in kidney disease. Nat Rev

tation. Nat Rev Immunol. 2020;20(1):1.
https://doi.org/10.1038/s41577-019-0258-9

NLRP3 Inflammasome in Chronic Kidney
Disease

3 Liston A, Masters SL. Homeostasis-altering
molecular processes as mechanisms of in-
flammasome activation. Nat Rev Immunol.
2017;17(3):208-14. https://doi.org/10.1038/

phropathy in mice [107]. During the pathogenesis of these
AKI models, NLRP3 gene knockout, specific inhibitors,
drugs and other interventions can reduce NLRP3 levels
while alleviating disease progression, indicating that NLRP3
is involved in the pathogenesis of these AKI models.
However, due to the diversity and complexity of these AKI
models, the lack of studies on the mechanism of action, and
the lack of cases in clinical studies, this paper has not re-
viewed the studies targeting NLRP3 inflammasome in AKI.

Insights into the classical/non-classical and inflammasome-
dependent/independent effects of the NLRP3 inflammasome
in CKD have garnered substantial progress in recent years,
and various targeted inhibitors such as NLRP3, ASC, and
caspase-1 have been discovered. However, due to the uni-
versality and complexity of NLRP3, there is no suitable
targeted drug for clinical application as yet. In this paper, we
reviewed the current interventional methods of targeting the
NLRP3 inflammasome in CKD models, and classified these
interventions according to their possible targets in the ex-
pectation of generating novel concepts and reference points
for the development of NLRP3-targeting drugs.

Conflict of Interest Statement

The authors report no declarations of interest.

Funding Sources

This work was supported by grants from the Social Develop-
ment Fund of Jiangsu Province (BE2021607), the National Natural
Science Foundation (82000642), and the Nanjing Health Science
and Technology Development Foundation (No. YKK22168).

Author Contributions

Guixia Ding, Aihua Zhang: developing the idea for the review,
oversight, and leadership responsibility for the review; Yong Ji and
Hu Hua: writing the paper and literature research; Aihua Zhang
and Hu Hua: funding acquisition; and Zhanjun Jia and Hu Hua:
review and editing. All authors were involved in the critical review
and final acceptance of the submission.

Nephrol. 2014;10(7):398-414. https://doi.
org/10.1038/nrneph.2014.91

5 Yuan Q, Tang B, Zhang C. Signaling
pathways of chronic kidney diseases,
implications for therapeutics. Signal
Transduct Target Ther. 2022;7(1):
182. https://doi.org/10.1038/s41392-
022-01036-5

Kidney Dis 2024;10:369-383
DOI: 10.1159/000539496

379


https://doi.org/10.1016/j.cell.2021.11.011
https://doi.org/10.1038/s41577-019-0258-9
https://doi.org/10.1038/nri.2016.151
https://doi.org/10.1038/nri.2016.151
https://doi.org/10.1038/nrneph.2014.91
https://doi.org/10.1038/nrneph.2014.91
https://doi.org/10.1038/s41392-022-01036-5
https://doi.org/10.1038/s41392-022-01036-5
https://doi.org/10.1159/000539496

10

1

—

12

13

14

15

16

Shahzad K, Fatima S, Khawaja H, Elwakiel
A, Gadi I, Ambreen S, et al. Podocyte-
specific Nlrp3 inflammasome activation
promotes diabetic kidney disease. Kidney
Int. 2022;102(4):766-79. https://doi.org/10.
1016/j.kint.2022.06.010

Guo C, Fu R, Zhou M, Wang S, Huang Y,
Hu H, et al. Pathogenesis of lupus nephritis:
RIP3 dependent necroptosis and NLRP3
inflammasome activation. J Autoimmun.
2019;103:102286. https://doi.org/10.1016/).
jaut.2019.05.014

Tsai Y, Hua K, Chen A, Wei C, Chen W, Wu
C, et al. NLRP3 inflammasome: pathogenic
role and potential therapeutic target for IgA
nephropathy. Sci Rep. 2017;7:41123. https://
doi.org/10.1038/srep41123

Liu J, Huang J, Gong B, Cheng S, Liu Y,
Chen Y, et al. Polydatin protects against
calcium oxalate crystal-induced renal injury
through the cytoplasmic/mitochondrial re-
active  oxygen  species-NLRP3  in-
flammasome pathway. Biomed Pharmac-
other. 2023;167:115621. https://doi.org/10.
1016/j.biopha.2023.115621

Sharif H, Wang L, Wang WL, Magupalli
VG, Andreeva L, Qiao Q, et al. Structural
mechanism for NEK7-licensed activation of
NLRP3 inflammasome. Nature. 2019;
570(7761):338-43. https://doi.org/10.1038/
541586-019-1295-z

Oh S, Lee],OhJ, Yu G, RyuH, Kim D, et al.
Integrated NLRP3, AIM2, NLRC4, Pyrin
inflammasome activation and assembly
drive PANoptosis. Cell Mol Immunol. 2023;
20(12):1513-26.  https://doi.org/10.1038/
$41423-023-01107-9

Xiao L, Magupalli V, Wu HJN. Cryo-EM
structures of the active NLRP3 in-
flammasome disc. Nature. 2023;613(7944):
595-600.  https://doi.org/10.1038/s41586-
022-05570-8

Hochheiser IV, Pilsl M, Hagelueken G,
Moecking ], Marleaux M, Brinkschulte R,
et al. Structure of the NLRP3 decamer
bound to the cytokine release inhibitor
CRID3. Nature. 2022;604(7904):184-9.
https://doi.org/10.1038/s41586-022-
04467-w

Niu T, De Rosny C, Chautard S, Rey A,
Patoli D, Groslambert M, et al. NLRP3
phosphorylation in its LRR domain criti-
cally regulates inflammasome assembly. Nat
Commun. 2021;12(1):5862. https://doi.org/
10.1038/541467-021-26142-w

Wang K, Sun Q, Zhong X, Zeng M, Zeng H,
Shi X, et al. Structural mechanism for
GSDMD targeting by autoprocessed cas-
pases in pyroptosis. Cell. 2020;180(5):
941-55.€20.  https://doi.org/10.1016/j.cell.
2020.02.002

Liu Z, Wang C, Yang J, Chen Y, Zhou B,
Abbott DW, et al. Caspase-1 engages full-
length gasdermin D through two distinct
interfaces that mediate caspase recruitment
and substrate cleavage. Immunity. 2020;

17

18

19

20

2

—

22

23

24

25

26

27

28

53(1):106-14.e5. https://doi.org/10.1016/j.
immuni.2020.06.007

Dinarello CA. The C3a receptor, caspase-1,
and release of IL-1pB. Blood. 2013;122(20):
3394-5. https://doi.org/10.1182/blood-2013-
08-518282

Xia S, Zhang Z, Magupalli VG, Pablo JL,
Dong Y, Vora SM, et al. Gasdermin D pore
structure reveals preferential release of
mature interleukin-1. Nature. 2021;
593(7860):607-11. https://doi.org/10.1038/
s41586-021-03478-3

Huang Y, Xu W, Zhou R. NLRP3 in-
flammasome activation and cell death. Cell
Mol Immunol. 2021;18(9):2114-27. https://
doi.org/10.1038/s41423-021-00740-6
Swanson KV, Deng M, Ting JP. The NLRP3
inflammasome: molecular activation and
regulation to therapeutics. Nat Rev Im-
munol. 2019;19(8):477-89. https://doi.org/
10.1038/s41577-019-0165-0

Zhong Z, Umemura A, Sanchez-Lopez E,
Liang S, Shalapour S, Wong J, et al. NF-«xB
restricts  inflammasome activation via
elimination of damaged mitochondria. Cell.
2016;164(5):896-910.  https://doi.org/10.
1016/j.cell.2015.12.057

Leaf IA, Nakagawa S, Johnson BG, Cha JJ,
Mittelsteadt K, Guckian KM, et al. Pericyte
MyD88 and IRAK4 control inflammatory
and fibrotic responses to tissue injury. J Clin
Invest. 2017;127(1):321-34. https://doi.org/
10.1172/JCI87532

Zhang Q, Wang L, Wang S, Cheng H, Xu L,
Pei G, et al. Signaling pathways and tar-
geted therapy for myocardial infarction.
Signal Transduct Target Ther. 2022;7(1):
78.  https://doi.org/10.1038/s41392-022-
00925-z

Zindel J, Kubes P. DAMPs, PAMPs, and
LAMPs in immunity and sterile inflam-
mation. Annu Rev Pathol. 2020;15:
493-518. https://doi.org/10.1146/annurev-
pathmechdis-012419-032847

Gong T, Liu L, Jiang W, Zhou R. DAMP-
sensing receptors in sterile inflammation
and inflammatory diseases. Nat Rev Im-
munol. 2020;20(2):95-112. https://doi.org/
10.1038/s41577-019-0215-7

Han Y, Xu X, Tang C, Gao P, Chen X, Xiong
X, et al. Reactive oxygen species promote
tubular injury in diabetic nephropathy: the
role of the mitochondrial ros-txnip-nlrp3
biological axis. Redox Biol. 2018;16:32-46.
https://doi.org/10.1016/j.redox.2018.02.013
Billingham LK, Stoolman ]S, Vasan K, Ro-
driguez AE, Poor TA, Szibor M, et al. Mi-
tochondrial electron transport chain is nec-
essary for NLRP3 inflammasome activation.
Nat Immunol. 2022;23(5):692-704. https://
doi.org/10.1038/s41590-022-01185-3

Gong T, Yang Y, Jin T, Jiang W, Zhou R.
Orchestration of NLRP3 inflammasome ac-
tivation by ion fluxes. Trends Immunol. 2018;
39(5):393-406.  https://doi.org/10.1016/j.it.
2018.01.009

380

Kidney Dis 2024;10:369-383

DOI: 10.1159/000539496

29

30

3

—_

32

33

34

35

36

37

38

Manna S, Howitz W], Oldenhuis NJ, El-
dredge AC, Shen ], Nihesh FN, et al. Im-
munomodulation of the NLRP3 in-
flammasome through structure-based acti-
vator design and functional regulation via
lysosomal rupture. ACS Cent Sci. 2018;4(8):
982-95. https://doi.org/10.1021/acscentsci.
8b00218

Mulay SR. Multifactorial functions of the
inflammasome component NLRP3 in
pathogenesis of chronic kidney diseases.
Kidney Int. 2019;96(1):58-66. https://doi.
org/10.1016/}.kint.2019.01.014

Lassén E, Bouchareb R, Daehn IS. Podocyte
as the link between sterile inflammation and
diabetic kidney disease. Kidney Int. 2022;
102(4):688-90.  https://doi.org/10.1016/j.
kint.2022.07.015

Ganugula R, Nuthalapati NK, Dwivedi S,
Zou D, Arora M, Friend R, et al. Nano-
curcumin combined with insulin alleviates
diabetic kidney disease through P38/P53
signaling axis. ] Control Release. 2023;353:
621-33.  https://doi.org/10.1016/j.jconrel.
2022.12.012

Li A, Zhang S, Li J, Liu K, Huang F, Liu B.
Metformin and resveratrol inhibit Drpl-
mediated mitochondrial fission and pre-
vent ER stress-associated NLRP3 in-
flammasome activation in the adipose tissue
of diabetic mice. Mol Cell Endocrinol. 2016;
434:36-47.  https://doi.org/10.1016/j.mce.
2016.06.008

Ding T, Wang S, Zhang X, Zai W, Fan J,
Chen W, et al. Kidney protection effects of
dihydroquercetin on diabetic nephropathy
through suppressing ROS and NLRP3 in-
flammasome.  Phytomedicine. 2018;41:
45-53.  https://doi.org/10.1016/j.phymed.
2018.01.026

Chang Y-W, Hung L-C, Chen Y-C, Wang
W-H, Lin C-Y, Tzeng H-H, et al. Insulin
reduces inflammation by regulating the
activation of the NLRP3 inflammasome.
Front Immunol. 2020;11:587229. https://
doi.org/10.3389/fimmu.2020.587229

LuM, Yin N, Liu W, Cui X, Chen S, Wang
E. Curcumin ameliorates diabetic ne-
phropathy by suppressing NLRP3 in-
flammasome signaling. Biomed Res Int.
2017;2017:1516985.  https://doi.org/10.
1155/2017/1516985

Zhou J, Yan S, Guo X, Gao Y, Chen S, Li
X, et al. Salidroside protects pancreatic p-
cells against pyroptosis by regulating the
NLRP3/GSDMD pathway in diabetic
conditions. Int Immunopharmacol. 2023;
114:109543.  https://doi.org/10.1016/j.
intimp.2022.109543

Duan J, He L, Deng W, Lu M, Zhai Y, Pei F,
et al. Natural swietenine attenuates diabetic
nephropathy by regulating the NF-kB/
NLRP3/Caspase-1  signaling  pathways:
in vivo and in vitro study. Environ Toxicol.
2022;37(12):2977-89. https://doi.org/10.
1002/tox.23653

Ji/Hua/Jia/Zhang/Ding


https://doi.org/10.1016/j.kint.2022.06.010
https://doi.org/10.1016/j.kint.2022.06.010
https://doi.org/10.1016/j.jaut.2019.05.014
https://doi.org/10.1016/j.jaut.2019.05.014
https://doi.org/10.1038/srep41123
https://doi.org/10.1038/srep41123
https://doi.org/10.1016/j.biopha.2023.115621
https://doi.org/10.1016/j.biopha.2023.115621
https://doi.org/10.1038/s41586-019-1295-z
https://doi.org/10.1038/s41586-019-1295-z
https://doi.org/10.1038/s41423-023-01107-9
https://doi.org/10.1038/s41423-023-01107-9
https://doi.org/10.1038/s41586-022-05570-8
https://doi.org/10.1038/s41586-022-05570-8
https://doi.org/10.1038/s41586-022-04467-w
https://doi.org/10.1038/s41586-022-04467-w
https://doi.org/10.1038/s41467-021-26142-w
https://doi.org/10.1038/s41467-021-26142-w
https://doi.org/10.1016/j.cell.2020.02.002
https://doi.org/10.1016/j.cell.2020.02.002
https://doi.org/10.1016/j.immuni.2020.06.007
https://doi.org/10.1016/j.immuni.2020.06.007
https://doi.org/10.1182/blood-2013-08-518282
https://doi.org/10.1182/blood-2013-08-518282
https://doi.org/10.1038/s41586-021-03478-3
https://doi.org/10.1038/s41586-021-03478-3
https://doi.org/10.1038/s41423-021-00740-6
https://doi.org/10.1038/s41423-021-00740-6
https://doi.org/10.1038/s41577-019-0165-0
https://doi.org/10.1038/s41577-019-0165-0
https://doi.org/10.1016/j.cell.2015.12.057
https://doi.org/10.1016/j.cell.2015.12.057
https://doi.org/10.1172/JCI87532
https://doi.org/10.1172/JCI87532
https://doi.org/10.1038/s41392-022-00925-z
https://doi.org/10.1038/s41392-022-00925-z
https://doi.org/10.1146/annurev-pathmechdis-012419-032847
https://doi.org/10.1146/annurev-pathmechdis-012419-032847
https://doi.org/10.1038/s41577-019-0215-7
https://doi.org/10.1038/s41577-019-0215-7
https://doi.org/10.1016/j.redox.2018.02.013
https://doi.org/10.1038/s41590-022-01185-3
https://doi.org/10.1038/s41590-022-01185-3
https://doi.org/10.1016/j.it.2018.01.009
https://doi.org/10.1016/j.it.2018.01.009
https://doi.org/10.1021/acscentsci.8b00218
https://doi.org/10.1021/acscentsci.8b00218
https://doi.org/10.1016/j.kint.2019.01.014
https://doi.org/10.1016/j.kint.2019.01.014
https://doi.org/10.1016/j.kint.2022.07.015
https://doi.org/10.1016/j.kint.2022.07.015
https://doi.org/10.1016/j.jconrel.2022.12.012
https://doi.org/10.1016/j.jconrel.2022.12.012
https://doi.org/10.1016/j.mce.2016.06.008
https://doi.org/10.1016/j.mce.2016.06.008
https://doi.org/10.1016/j.phymed.2018.01.026
https://doi.org/10.1016/j.phymed.2018.01.026
https://doi.org/10.3389/fimmu.2020.587229
https://doi.org/10.3389/fimmu.2020.587229
https://doi.org/10.1155/2017/1516985
https://doi.org/10.1155/2017/1516985
https://doi.org/10.1016/j.intimp.2022.109543
https://doi.org/10.1016/j.intimp.2022.109543
https://doi.org/10.1002/tox.23653
https://doi.org/10.1002/tox.23653
https://doi.org/10.1159/000539496

39

40

41

42

43

44

45

46

47

48

49

Han W, Ma Q, Liu Y, Wu W, Tu Y, Huang
L, et al. Huangkui capsule alleviates renal
tubular epithelial-mesenchymal transition
in diabetic nephropathy via inhibiting
NLRP3 inflammasome activation and
TLR4/NF-xB signaling. Phytomedicine.
2019;57:203-14.  https://doi.org/10.1016/].
phymed.2018.12.021

Ding H, Li ], Li Y, Yang M, Nie S, Zhou M,
et al. MicroRNA-10 negatively regulates
inflammation in diabetic kidney via tar-
geting activation of the NLRP3 in-
flammasome. Mol Ther. 2021;29(7):
2308-20.  https://doi.org/10.1016/j.ymthe.
2021.03.012

Li ], Yue S, Fang J, Zeng J, Chen S, Tian J,
et al. MicroRNA-10a/b inhibit TGF-p/
Smad-induced renal fibrosis by targeting
TGEF-p receptor 1 in diabetic kidney disease.
Mol Ther Nucleic Acids. 2022;28:488-99.
https://doi.org/10.1016/j.omtn.2022.04.002
Tapia-Abellin A, Angosto-Bazarra D,
Martinez-Banaclocha H, de Torre-Minguela
C, Cerdn-Carrasco JP, Pérez-Sianchez H,
et al. MCC950 closes the active conforma-
tion of NLRP3 to an inactive state. Nat
Chem Biol. 2019;15(6):560-4. https://doi.
0rg/10.1038/s41589-019-0278-6

Zhang C,Zhu X, Li L, Ma T, Shi M, Yang Y,
et al. A small molecule inhibitor MCC950
ameliorates kidney injury in diabetic ne-
phropathy by inhibiting NLRP3 in-
flammasome activation. Diabetes, metabolic
syndrome and obesity: targets and therapy.
Diabetes Metab Syndr Obes. 2019;12:
1297-309. https://doi.org/10.2147/DMSO.
$199802

Dstergaard ], Jha JC, Sharma A, Dai A, Choi
JSY, de Haan JB, et al. Adverse renal effects
of NLRP3 inflammasome inhibition by
MCC950 in an interventional model of di-
abetic kidney disease. Clin Sci. 2022;136(2):
167-80. https://doi.org/10.1042/cs20210865
Yang M, Zhao L. The selective NLRP3-
inflammasome inhibitor CY-09 ameliorates
kidney injury in diabetic nephropathy by in-
hibiting NLRP3 inflammasome activation.
Curr Med Chem. 2023;30(28):3261-70. https://
doi.org/10.2174/0929867329666220922104654
DuL, Wang J, Chen Y, Li X, Wang L, Li Y,
et al. Novel biphenyl diester derivative AB-
38b inhibits NLRP3 inflammasome through
Nrf2 activation in diabetic nephropathy. Cell
Biol Toxicol. 2020;36(3):243-60. https://doi.
0rg/10.1007/s10565-019-09501-8

Chen F-F, Liu X-T, Tao J, Mao Z-M, Wang
H, Tan Y, et al. Renal NLRP3 In-
flammasome activation is associated with
disease activity in lupus nephritis. Clin
Immunol. 2023;247:109221. https://doi.org/
10.1016/j.clim.2022.109221

Carney EF. Lupus nephritis: role of NLRP3
inflammasomes in podocyte injury. Nat Rev
Nephrol. 2017;13(8):444. https://doi.org/10.
1038/nrneph.2017.91

Zhao J, Wang ], Zhou M, Li M, Li M, Tan H.
Curcumin attenuates murine lupus via in-

NLRP3 Inflammasome in Chronic Kidney
Disease

50

51

52

53

54

55

56

57

58

59

hibiting NLRP3 inflammasome. Int Im-
munopharmacol.  2019;69:213-6. https://
doi.org/10.1016/j.intimp.2019.01.046

Peng X, Yang T, Liu G, Liu H, Peng Y, He L.
Piperine ameliorated lupus nephritis by tar-
geting AMPK-mediated activation of NLRP3
inflammasome. Int Immunopharmacol.
2018;65:448-57.  https://doi.org/10.1016/j.
intimp.2018.10.025

Su B, Ye H, You X, Ni H, Chen X, Li L.
Icariin alleviates murine lupus nephritis via
inhibiting NF-«xB activation pathway and
NLRP3 inflammasome. Life Sci. 2018;208:

26-32.  https://doi.org/10.1016/j.1fs.2018.
07.009
Yang SR, Hua KF, Chu L], Hwu YK, Yang

SM, Wu CY, et al. Xenon blunts NF-kB/
NLRP3 inflammasome activation and im-
proves acute onset of accelerated and severe
lupus nephritis in mice. Kidney Int. 2020;
98(2):378-90. https://doi.org/10.1016/j.kint.
2020.02.033

Huang ], An Q, Ju BM, Zhang J, Fan P, He L,
et al. Role of vitamin D/VDR nuclear trans-
location in down-regulation of NF-«kB/
NLRP3/caspase-1 axis in lupus nephritis. Int
Immunopharmacol. 2021;100:108131. https://
doi.org/10.1016/j.intimp.2021.108131

Fu R, Guo C, Wang S, Huang Y, Jin O, Hu
H, et al. Podocyte activation of NLRP3 in-
flammasomes contributes to the develop-
ment of proteinuria in lupus nephritis.
Arthritis Rheumatol. 2017;69(8):1636-46.
https://doi.org/10.1002/art.40155

Suzuki H, Yasutake J, Makita Y, Tanbo Y,
Yamasaki K, Sofue T, et al. IgA nephropathy
and IgA vasculitis with nephritis have a
shared feature involving galactose-deficient
IgAl-oriented pathogenesis. Kidney Int.
2018;93(3):700-5. https://doi.org/10.1016/j.
kint.2017.10.019

Peng W, Pei GQ, Tang Y, Tan L, Qin W. IgAl
deposition may induce NLRP3 expression and
macrophage transdifferentiation of podocyte in
IgA nephropathy. ] Transl Med. 2019;17(1):406.
https://doi.org/10.1186/s12967-019-02157-2
Tan ], Dong L, Jiang Z, Tan L, Luo X, Pei G,
et al. Probiotics ameliorate IgA nephropathy
by improving gut dysbiosis and blunting
NLRP3 signaling. ] Transl Med. 2022;20(1):
382.  https://doi.org/10.1186/s12967-022-
03585-3

Wu CY, Hua KF, Hsu WH, Suzuki Y, Chu L],
Lee YC, et al. IgA nephropathy benefits from
compound K treatment by inhibiting NF-kB/
NLRP3 inflammasome and enhancing auto-
phagy and SIRTI. J Immunol. 2020;205(1):

202-12.  https://doi.org/10.4049/jimmunol.
1900284
Bai L, LiJ, Li H, Song ], Zhou Y, Lu R, et al.

Renoprotective effects of artemisinin and
hydroxychloroquine combination therapy
on IgA nephropathy via suppressing NF-«xB
signaling and NLRP3 inflammasome acti-
vation by exosomes in rats. Biochem
Pharmacol. 2019;169:113619. https://doi.
0rg/10.1016/j.bcp.2019.08.021

60

61

62

63

64

65

66

67

68

69

70

Hua KF, Yang SM, Kao TY, Chang JM, Chen
HL, Tsai Y], et al. Osthole mitigates pro-
gressive IgA nephropathy by inhibiting re-
active oxygen species generation and NF-kB/
NLRP3 pathway. PLoS One. 2013;8(10):
€77794. https://doi.org/10.1371/journal.pone.
0077794

LiH, LuR, Pang Y, LiJ, Cao Y, Fu H, et al.
Zhen-Wu-Tang protects IgA nephropathy
in rats by regulating exosomes to inhibit NF-
kB/NLRP3 pathway. Front Pharmacol.
2020;11:1080. https://doi.org/10.3389/fphar.
2020.01080

Zhang L, Wang XZ, Li YS, Zhang L, Hao LR.
Icariin ameliorates IgA nephropathy by
inhibition of nuclear factor kappa b/Nlrp3
pathway. FEBS open bio. 2017;7(1):54-63.
https://doi.org/10.1002/2211-5463.12161
Yang SR, Hua KF, Takahata A, Wu CY,
Hsieh CY, Chiu HW, et al. LCCIS8, a
benzamide-linked small molecule, amelio-
rates IgA nephropathy in mice. J Pathol.
2021;253(4):427-41. https://doi.org/10.1002/
path.5609

Wu CY, Hua KF, Yang SR, Tsai YS, Yang SM,
Hsieh CY, et al. Tris DBA ameliorates IgA
nephropathy by blunting the activating signal
of NLRP3 inflammasome through SIRT1-
and SIRT3-mediated autophagy induction.
J Cell Mol Med. 2020;24(23):13609-22.
https://doi.org/10.1111/jcmm.15663
HeL,Peng X, Liu G, Tang C, Liu H, Liu F, et al.
Anti-inflammatory effects of triptolide on IgA
nephropathy in rats. Immunopharmacol Im-
munotoxicol. 2015;37(5):421-7. https://doi.
0rg/10.3109/08923973.2015.1080265

Mulay SR, Anders HJ. Crystal nephropathies:
mechanisms of crystal-induced kidney injury.
Nat Rev Nephrol. 2017;13(4):226-40. https://
doi.org/10.1038/nrneph.2017.10
Ludwig-Portugall I, Bartok E, Dhana E,
Evers BD, Primiano MJ, Hall JP, et al. An
NLRP3-specific inflammasome inhibitor
attenuates crystal-induced kidney fibrosis in
mice. Kidney Int. 2016;90(3):525-39.
https://doi.org/10.1016/j.kint.2016.03.035
Joshi S, Wang W, Peck AB, Khan SR. Ac-
tivation of the NLRP3 inflammasome in
association with calcium oxalate crystal
induced reactive oxygen species in kidneys.
J Urol. 2015;193(5):1684-91. https://doi.
org/10.1016/j.juro.2014.11.093

Liu J, Huang J, Gong B, Cheng S, Liu Y, Chen
Y, et al. Polydatin protects against calcium
oxalate crystal-induced renal injury through
the cytoplasmic/mitochondrial reactive oxy-
gen species-NLRP3 inflammasome pathway.
Biomed Pharmacother. 2023;167:115621.
https://doi.org/10.1016/j.biopha.2023.115621
Anders HJ, Suarez-Alvarez B, Grigorescu M,
Foresto-Neto O, Steiger S, Desai ], et al. The
macrophage phenotype and inflammasome
component NLRP3  contributes  to
nephrocalcinosis-related chronic kidney
disease independent from IL-1-mediated
tissue injury. Kidney Int. 2018;93(3):656-69.
https://doi.org/10.1016/j.kint.2017.09.022

Kidney Dis 2024;10:369-383

DOI: 10.1159/000539496

381


https://doi.org/10.1016/j.phymed.2018.12.021
https://doi.org/10.1016/j.phymed.2018.12.021
https://doi.org/10.1016/j.ymthe.2021.03.012
https://doi.org/10.1016/j.ymthe.2021.03.012
https://doi.org/10.1016/j.omtn.2022.04.002
https://doi.org/10.1038/s41589-019-0278-6
https://doi.org/10.1038/s41589-019-0278-6
https://doi.org/10.2147/DMSO.S199802
https://doi.org/10.2147/DMSO.S199802
https://doi.org/10.1042/cs20210865
https://doi.org/10.2174/0929867329666220922104654
https://doi.org/10.2174/0929867329666220922104654
https://doi.org/10.1007/s10565-019-09501-8
https://doi.org/10.1007/s10565-019-09501-8
https://doi.org/10.1016/j.clim.2022.109221
https://doi.org/10.1016/j.clim.2022.109221
https://doi.org/10.1038/nrneph.2017.91
https://doi.org/10.1038/nrneph.2017.91
https://doi.org/10.1016/j.intimp.2019.01.046
https://doi.org/10.1016/j.intimp.2019.01.046
https://doi.org/10.1016/j.intimp.2018.10.025
https://doi.org/10.1016/j.intimp.2018.10.025
https://doi.org/10.1016/j.lfs.2018.07.009
https://doi.org/10.1016/j.lfs.2018.07.009
https://doi.org/10.1016/j.kint.2020.02.033
https://doi.org/10.1016/j.kint.2020.02.033
https://doi.org/10.1016/j.intimp.2021.108131
https://doi.org/10.1016/j.intimp.2021.108131
https://doi.org/10.1002/art.40155
https://doi.org/10.1016/j.kint.2017.10.019
https://doi.org/10.1016/j.kint.2017.10.019
https://doi.org/10.1186/s12967-019-02157-2
https://doi.org/10.1186/s12967-022-03585-3
https://doi.org/10.1186/s12967-022-03585-3
https://doi.org/10.4049/jimmunol.1900284
https://doi.org/10.4049/jimmunol.1900284
https://doi.org/10.1016/j.bcp.2019.08.021
https://doi.org/10.1016/j.bcp.2019.08.021
https://doi.org/10.1371/journal.pone.0077794
https://doi.org/10.1371/journal.pone.0077794
https://doi.org/10.3389/fphar.2020.01080
https://doi.org/10.3389/fphar.2020.01080
https://doi.org/10.1002/2211-5463.12161
https://doi.org/10.1002/path.5609
https://doi.org/10.1002/path.5609
https://doi.org/10.1111/jcmm.15663
https://doi.org/10.3109/08923973.2015.1080265
https://doi.org/10.3109/08923973.2015.1080265
https://doi.org/10.1038/nrneph.2017.10
https://doi.org/10.1038/nrneph.2017.10
https://doi.org/10.1016/j.kint.2016.03.035
https://doi.org/10.1016/j.juro.2014.11.093
https://doi.org/10.1016/j.juro.2014.11.093
https://doi.org/10.1016/j.biopha.2023.115621
https://doi.org/10.1016/j.kint.2017.09.022
https://doi.org/10.1159/000539496

71

72

73

74

75

76

77

78

79

80

81

Dhana E, Ludwig-Portugall I, Kurts C.
Role of immune cells in crystal-induced
kidney fibrosis. Matrix Biol. 2018;68-69:
280-92. https://doi.org/10.1016/j.matbio.
2017.11.013

Zhao H, Xu ], Wang R, Tang W, Kong L,
Wang W, et al. Plantaginis Semen polysac-
charides ameliorate renal damage through
regulating NLRP3 inflammasome in gouty
nephropathy rats. Food Funct. 2021;12(6):
2543-53. https://doi.org/10.1039/d0fo03143g
Ding T, Zhao T, Li Y, Liu Z, Ding J, Ji B, et al.
Vitexin exerts protective effects against
calcium oxalate crystal-induced kidney py-
roptosis in vivo and in vitro. Phytomedicine.
2021;86:153562.  https://doi.org/10.1016/j.
phymed.2021.153562

Lv P, Liu H, Ye T, Yang X, Duan C, Yao X,
et al. XIST inhibition attenuates calcium
oxalate nephrocalcinosis-induced renal in-
flammation and oxidative injury via the
miR-223/NLRP3 pathway. Oxid Med Cell
Longev. 2021;2021:1676152. https://doi.org/
10.1155/2021/1676152

Sun Y, Liu Y, Guan X, Kang J, Wang X, Liu
Q, et al. Atorvastatin inhibits renal in-
flammatory response induced by calcium
oxalate crystals via inhibiting the activation
of TLR4/NF-«B and NLRP3 inflammasome.
IUBMB Life. 2020;72(5):1065-74. https://
doi.org/10.1002/iub.2250

CuiJ, Hong P, Li Z, Lin J, Wu X, Nie K, et al.
Chloroquine inhibits NLRP3 inflammasomes
activation and alleviates renal fibrosis in
mouse model of hyperuricemic nephropathy
with aggravation by a high-fat-diet. Int Im-
munopharmacol. 2023;120:110353. https://
doi.org/10.1016/j.intimp.2023.110353

Ye Y, Zhang Y, Wang B, Walana W, Wei J,
Gordon JR, et al. CXCR1/CXCR?2 antagonist
G31P inhibits nephritis in a mouse model of
uric acid nephropathy. Biomed Pharmac-
other. 2018;107:1142-50. https://doi.org/10.
1016/j.biopha.2018.07.077

Riaz M, Al Kury LT, Atzaz N, Alattar A,
Alshaman R, Shah FA, et al. Carvacrol al-
leviates hyperuricemia-induced oxidative
stress and inflammation by modulating the
NLRP3/NF-«kB pathwayt. Drug Des Devel
Ther. 2022;16:1159-70. https://doi.org/10.
2147/DDDT.S343978

Wang K, Hu L, Chen JK. RIP3-deficience
attenuates potassium oxonate-induced hy-
peruricemia and kidney injury. Biomed
Pharmacother. 2018;101:617-26. https:/
doi.org/10.1016/j.biopha.2018.02.010

Liang H, Huang Q, Zou L, Wei P, Lu ],
Zhang Y. Methyl gallate: review of phar-
macological activity. Pharmacol Res. 2023;
194:106849. https://doi.org/10.1016/j.phrs.
2023.106849

Liu P, Wang W, Li Q, Hu X, Xu B, Wu C,
et al. Methyl gallate improves hyperuricemia
nephropathy mice through inhibiting
NLRP3 pathway. Front Pharmacol. 2021;12:
759040. https://doi.org/10.3389/fphar.2021.
759040

82

83

84

85

86

87

88

89

90

9

—_

92

Sakai N, Furuichi K, Wada T. Inhibition of
NLRP3 inflammasome as a therapeutic in-
tervention in crystal-induced nephropathy.
Kidney Int. 2016;90(3):466-8. https://doi.
org/10.1016/j.kint.2016.05.003

Vilaysane A, Chun J, Seamone ME, Wang
W, Chin R, Hirota S, et al. The NLRP3
inflammasome promotes renal inflamma-
tion and contributes to CKD. J] Am Soc
Nephrol. 2010;21(10):1732-44. https://doi.
org/10.1681/ASN.2010020143

Guo H, Bi X, Zhou P, Zhu S, Ding W.
NLRP3 deficiency attenuates renal fibrosis
and ameliorates mitochondrial dysfunction
in a mouse unilateral ureteral obstruction
model of chronic kidney disease. Mediators
Inflamm. 2017;2017:8316560. https://doi.
org/10.1155/2017/8316560

Nam SA, Kim WY, Kim JW, Park SH, Kim
HL, Lee MS, et al. Autophagy attenuates
tubulointerstital fibrosis through regulating
transforming growth factor-p and NLRP3
inflammasome signaling pathway. Cell
Death Dis. 2019;10(2):78. https://doi.org/10.
1038/s41419-019-1356-0

LiJ, Lin Q, Shao X, Li S, Zhu X, Wu J, et al.
HIFla-BNIP3-mediated mitophagy pro-
tects against renal fibrosis by decreasing
ROS and inhibiting activation of the NLRP3
inflammasome. Cell Death Dis. 2023;14(3):
200.  https://doi.org/10.1038/s41419-023-
05587-5

Kim SM, Kim YG, Kim DJ, Park SH, Jeong
KH, Lee YH, et al. Inflammasome-
independent role of NLRP3 mediates mi-
tochondrial regulation in renal injury. Front
Immunol. 2018;9:2563. https://doi.org/10.
3389/fimmu.2018.02563

Ling L, Yang M, Ding W, Gu Y. Ghrelin
attenuates UUO-induced renal fibrosis via
attenuation of Nlrp3 inflammasome and
endoplasmic reticulum stress. Am J Transl
Res. 2019;11(1):131-41.

LuM, Li H, Liu W, Zhang X, Li L, Zhou H.
Curcumin attenuates renal interstitial fi-
brosis by regulating autophagy and retain-
ing mitochondrial function in unilateral
ureteral obstruction rats. Basic Clin Phar-
macol  Toxicol. 2021;128(4):594-604.
https://doi.org/10.1111/bcpt.13550

Ram C, Gairola S, Syed AM, Kulhari U,
Kundu S, Mugale MN, et al. Biochanin A
alleviates unilateral ureteral obstruction-
induced renal interstitial fibrosis and in-
flammation by inhibiting the TGF-p1/
Smad2/3 and NF-kB/NLRP3 signaling axis
in mice. Life Sci. 2022;298:120527. https://
doi.org/10.1016/j.1f5.2022.120527

Yang SR, Hung SC, Chu L], Hua KF, Wei CW,
Tsai IL, et al. NSC828779 alleviates renal tu-
bulointerstitial lesions involving interleukin-36
signaling in mice. Cells. 2021;10(11):3060.
https://doi.org/10.3390/cells 10113060

Nam BY, Jhee JH, Park J, Kim S, Kim G,
Park JT, et al. PGC-1a inhibits the NLRP3
inflammasome via preserving mitochon-
drial viability to protect kidney fibrosis. Cell

382

Kidney Dis 2024;10:369-383

DOI: 10.1159/000539496

93

94

95

96

97

98

99

100

101

102

Death Dis. 2022;13(1):31. https://doi.org/10.
1038/s41419-021-04480-3

Lee TI, Trang NN, Lee TW, Higa S, Kao YH,
Chen YC, et al. Ketogenic diet regulates
cardiac remodeling and calcium homeo-
stasis in diabetic rat cardiomyopathy. Int J
Mol Sci. 2023;24(22):16142. https://doi.org/
10.3390/ijms242216142

Qi R, Zhang W, Zheng L, Xu M, Rong R,
Zhu T, et al. Cyclic helix B peptide ame-
liorates renal tubulointerstitial fibrosis in-
duced by unilateral ureter obstruction via
inhibiting NLRP3 pathway. Ann Transl
Med. 2020;8(5):167.  https://doi.org/10.
21037/atm.2020.02.12

Seo JB, Choi YK, Woo HI, Jung YA, Lee S,
Lee S, et al. Gemigliptin attenuates renal
fibrosis through down-regulation of the
NLRP3 inflammasome. Diabetes Metab J.
2019;43(6):830-9. https://doi.org/10.4093/
dm;j.2018.0181

Jia Q, Zhang X, Hao G, Zhao Y, Lowe S, Han
L, et al. Tongluo yishen decoction amelio-
rates renal fibrosis via NLRP3-mediated
pyroptosis in vivo and in vitro. Front
Pharmacol. 2022;13:936853. https://doi.org/
10.3389/fphar.2022.936853

Hsu WH, Hua KF, Tuan LH, Tsai YL, Chu
L], Lee YC, et al. Compound K inhibits
priming and mitochondria-associated
activating  signals of NLRP3 in-
flammasome in renal tubulointerstitial
lesions. Nephrol Dial Transplant. 2020;
35(1):74-85. https://doi.org/10.1093/ndt/
gfz073

Yang J, Chen C, Miao X, Wang T, Guan Y,
Zhang L, et al. Injury site specific xenon
delivered by platelet membrane-mimicking
hybrid microbubbles to protect against
acute kidney injury via inhibition of cellular

senescence. Adv Healthc Mater. 2023;
12(20):€2203359.  https://doi.org/10.1002/
adhm.202203359

Jia P, Teng J, Zou ], Fang Y, Zhang X,
Bosnjak ZJ, et al. miR-21 contributes to
xenon-conferred amelioration of renal is-
chemia-reperfusion injury in mice. Anes-
thesiology. 2013;119(3):621-30. https://doi.
0rg/10.1097/ALN.0b013e318298e5f1

Zhao H, Yoshida A, Xiao W, Ologunde R,
O’Dea KP, Takata M, et al. Xenon treatment
attenuates early renal allograft injury asso-
ciated with prolonged hypothermic storage
in rats. FASEB J. 2013;27(10):4076-88.
https://doi.org/10.1096/fj.13-232173

Jia P, Teng J, Zou ], Fang Y, Jiang S, Yu X,
et al. Intermittent exposure to xenon protects
against gentamicin-induced nephrotoxicity.
PLoS One. 2013;8(5):e64329. https://doi.org/
10.1371/journal.pone.0064329

Zheng Z,Xu K, Li C, Qi C, Fang Y, Zhu N,
et al. NLRP3 associated with chronic
kidney  disease  progression  after
ischemia/reperfusion-induced acute kid-
ney injury. Cell Death Discov. 2021;7(1):
324. https://doi.org/10.1038/s41420-021-
00719-2

Ji/Hua/Jia/Zhang/Ding


https://doi.org/10.1016/j.matbio.2017.11.013
https://doi.org/10.1016/j.matbio.2017.11.013
https://doi.org/10.1039/d0fo03143g
https://doi.org/10.1016/j.phymed.2021.153562
https://doi.org/10.1016/j.phymed.2021.153562
https://doi.org/10.1155/2021/1676152
https://doi.org/10.1155/2021/1676152
https://doi.org/10.1002/iub.2250
https://doi.org/10.1002/iub.2250
https://doi.org/10.1016/j.intimp.2023.110353
https://doi.org/10.1016/j.intimp.2023.110353
https://doi.org/10.1016/j.biopha.2018.07.077
https://doi.org/10.1016/j.biopha.2018.07.077
https://doi.org/10.2147/DDDT.S343978
https://doi.org/10.2147/DDDT.S343978
https://doi.org/10.1016/j.biopha.2018.02.010
https://doi.org/10.1016/j.biopha.2018.02.010
https://doi.org/10.1016/j.phrs.2023.106849
https://doi.org/10.1016/j.phrs.2023.106849
https://doi.org/10.3389/fphar.2021.759040
https://doi.org/10.3389/fphar.2021.759040
https://doi.org/10.1016/j.kint.2016.05.003
https://doi.org/10.1016/j.kint.2016.05.003
https://doi.org/10.1681/ASN.2010020143
https://doi.org/10.1681/ASN.2010020143
https://doi.org/10.1155/2017/8316560
https://doi.org/10.1155/2017/8316560
https://doi.org/10.1038/s41419-019-1356-0
https://doi.org/10.1038/s41419-019-1356-0
https://doi.org/10.1038/s41419-023-05587-5
https://doi.org/10.1038/s41419-023-05587-5
https://doi.org/10.3389/fimmu.2018.02563
https://doi.org/10.3389/fimmu.2018.02563
https://doi.org/10.1111/bcpt.13550
https://doi.org/10.1016/j.lfs.2022.120527
https://doi.org/10.1016/j.lfs.2022.120527
https://doi.org/10.3390/cells10113060
https://doi.org/10.1038/s41419-021-04480-3
https://doi.org/10.1038/s41419-021-04480-3
https://doi.org/10.3390/ijms242216142
https://doi.org/10.3390/ijms242216142
https://doi.org/10.21037/atm.2020.02.12
https://doi.org/10.21037/atm.2020.02.12
https://doi.org/10.4093/dmj.2018.0181
https://doi.org/10.4093/dmj.2018.0181
https://doi.org/10.3389/fphar.2022.936853
https://doi.org/10.3389/fphar.2022.936853
https://doi.org/10.1093/ndt/gfz073
https://doi.org/10.1093/ndt/gfz073
https://doi.org/10.1002/adhm.202203359
https://doi.org/10.1002/adhm.202203359
https://doi.org/10.1097/ALN.0b013e318298e5f1
https://doi.org/10.1097/ALN.0b013e318298e5f1
https://doi.org/10.1096/fj.13-232173
https://doi.org/10.1371/journal.pone.0064329
https://doi.org/10.1371/journal.pone.0064329
https://doi.org/10.1038/s41420-021-00719-2
https://doi.org/10.1038/s41420-021-00719-2
https://doi.org/10.1159/000539496

103

104

LiT,SunH,LiY, SulL,Jiang],Liu Y, etal.
Downregulation of macrophage migra-
tion inhibitory factor attenuates NLRP3
inflammasome mediated pyroptosis in
sepsis-induced AKI. Cell Death Discov.
2022;8(1):61.  https://doi.org/10.1038/
$41420-022-00859-z

Zhang H, Deng Z, Wang Y, Zheng X, Zhou
L, Yan S, et al. CHIP protects against septic
acute kidney injury by inhibiting NLRP3-
mediated pyroptosis. iScience. 2023;26(10):

NLRP3 Inflammasome in Chronic Kidney
Disease

105

107762. https://doi.org/10.1016/j.isci.2023.
107762

Luo S, Yang M, Han Y, Zhao H, Jiang N, Li
L, et al. B-Hydroxybutyrate against
Cisplatin-Induced acute kidney injury via
inhibiting NLRP3 inflammasome and ox-
idative stress. Int Immunopharmacol.
2022;111:109101. https://doi.org/10.1016/
j.intimp.2022.109101

106 Shen J, Wang L, Jiang N, Mou S, Zhang M,

Gu L, et al. NLRP3 inflammasome medi-

107

ates contrast media-induced acute kidney
injury by regulating cell apoptosis. Sci Rep.
2016;6(1):34682. https://doi.org/10.1038/
srep34682

Song SJ, Kim SM, Lee SH, Moon JY, Hwang
HS, Kim JS, et al. Rhabdomyolysis-induced
AKI was ameliorated in NLRP3 KO mice via
alleviation of mitochondrial lipid perox-
idation in renal tubular cells. Int ] Mol Sci.
2020;21(22):8564. https://doi.org/10.3390/
ijms21228564

Kidney Dis 2024;10:369-383

DOI: 10.1159/000539496

383


https://doi.org/10.1038/s41420-022-00859-z
https://doi.org/10.1038/s41420-022-00859-z
https://doi.org/10.1016/j.isci.2023.107762
https://doi.org/10.1016/j.isci.2023.107762
https://doi.org/10.1016/j.intimp.2022.109101
https://doi.org/10.1016/j.intimp.2022.109101
https://doi.org/10.1038/srep34682
https://doi.org/10.1038/srep34682
https://doi.org/10.3390/ijms21228564
https://doi.org/10.3390/ijms21228564
https://doi.org/10.1159/000539496

	Therapy Targeted to the NLRP3 Inflammasome in Chronic Kidney Disease
	Introduction
	The NLRP3 Inflammasome in CKD
	Targeting the NLRP3 Inflammasome in Treating CKD
	Diabetic Nephropathy
	Class I Intervention in DN
	Class IIa Intervention in DN
	Class IIb Intervention in DN

	Lupus Nephritis
	Class I Intervention in LN
	Class IIa Intervention in LN
	Class IIb Intervention in LN

	IgA Nephropathy
	Class I Intervention in IgAN
	Class IIa Intervention in IgAN
	Class IIb Intervention in IgAN

	Crystalline Nephropathy
	Class I Intervention in Crystalline Nephropathy
	Class IIa Intervention in Crystalline Nephropathy
	Class IIb Intervention in Crystalline Nephropathy

	Obstructive Nephropathy
	Class I Intervention in Obstructive Nephropathy
	Class IIa Intervention in Obstructive Nephropathy
	Class IIb Intervention in Obstructive Nephropathy


	Discussion
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


