
Precision Clinical Medicine, 2022, 5: pbac022

DOI: 10.1093/pcmedi/pbac022
Minireview

The latest breakthrough on NLRP6 inflammasome
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Abstract

NLRP6, a Nod-like receptor family member, has been shown to affect intestinal homeostasis and microbial colonization through
organizing a huge protein complex called inflammasome. NLRP6 inflammasome promotes the cleavage and secretion of inflammatory
cytokines or the cleavage of pore-forming Gasdermin D to initiate the inflammatory cell death called pyroptosis, which plays important
roles in responding to pathogen invasion. However, questions about the ligand(s) that trigger NLRP6 inflammasome activation, or the
mechanisms that how a ligand triggers NLRP6 inflammasome assembly, are emerging. In this mini-review, we summarize the current
understandings of ligand recognition of NLRP6, the role of liquid-liquid phase separation in NLRP6 inflammasome assembly, and
potential links with human health and diseases.
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Introduction
Microbial infection induces complex interactions between the
pathogen and the host. Pathogens express evolutionarily con-
served structures, termed pathogen-associated molecular pat-
terns (PAMPs), which are essential for their survival and
pathogenicity. PAMPs recognition is the first step of defense
against invading microbial pathogens.1 Recently more and more
evidences support the crucial role of inflammasome activation
in anti-microbial inflammation or sterile inflammation.2,3 NLRP6,
one of the nucleotide-oligomerization domain-like receptor (NLR)
family members that is expressed predominantly in intestine and
also in liver, plays important roles in sensing and initiating the
anti-bacterial and anti-viral immune response.4–8 In this review,
the progress of pathogen recognition and mechanisms of NLRP6
inflammasome activation in innate immune defenses are elabo-
rated. Moreover, the relationship between NLRP6 and human dis-
ease, as well as the possibilities of therapeutic applications with
pathogen recognition and liquid-liquid phase separation (LLPS)
are discussed as well.

NLRP6 as a sensor of bacterial components
Elinav et al. reported in 2011 the role of NLRP6 in maintaining
the microbiota homeostasis, that deficiency of NLRP6 in mouse
colonic epithelial cells results in reduced IL-18 levels and leads
to dysbiosis through alterations in the composition of intesti-
nal microbial community.4,6,9 In 2012, Anand et al. found that
Nlrp6-deficient mice are resistant to infection with the bacterial
pathogens Listeria monocytogenes, Salmonella typhimurium, and Es-

cherichia coli.5 Later in 2018, Hara et al. found that lipoteichoic
acid (LTA) from Gram-positive bacteria binds and activates NLRP6
inflammasome, which exacerbates the Gram-positive bacterial
infection. Biochemical experiments showed LTA directly binds
NLRP6 at high affinity via the LRR domain and the glycerophos-
phate repeat (GPR) of LTA is critical for the induction of caspase-
11 cleavage.8 In addition, a study also showed NLRP6 may recog-
nize lipopolysaccharide (LPS), a component from Gram-negative
bacteria. Leng et al. demonstrated that LPS directly binds to the
LRR of the NLRP6 monomer and induces overall conformational
changes and dimerization, then forms an inflammasome complex
with ASC and caspase-1 to cleave pro-IL-1β and IL-18 into their bi-
ologically active forms.10 To date, 5 molecules (taurine, histamine,
spermine, LTA, and LPS) have been reported to modulate NLRP6
inflammasome directly or indirectly in response to bacteria in-
vasion. Levy et al. found that taurine is a microbiota-dependent
positive inflammasome modulator while histamine and spermine
were the two strongest suppressors of NLRP6 mediated IL-18 se-
cretion.6 Later in 2021, Shen et al. found that only spermine ex-
hibited weaker direct binding with NLRP6 (KD = 417 uM).11 More
works are required to reveal the precise mechanisms of NLRP6
recognition of bacteria components.

Muller et al. found that microbiota depletion by antibiotics
treatment led to NLRP6- and caspase 11–dependent loss of intrin-
sic enteric-associated neurons (iEANs), indicative of the involve-
ment of NLRP6 inflammasome in microbiota depletion-associated
death of iEANs.12 Also, another work from Daniel Mucida group
showed Salmonella infection induced iEAN death is also depen-
dent on NLRP6 and Casp11.13 Similarly, NLRP6 mediated pyrop-
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Figure 1. Previously reported NLRP6 mediated signaling pathways in response to microbes in the intestine. NLRP6 binds to viral dsRNA through
DEAH-box helicase 15 (DHX15) and triggers the induction of type I interferons (IFNs) and inflammatory cytokines through mitochondrial antiviral
signaling protein (MAVS). NLRP6 also recognizes bacterial components and induces processing of caspase-11, which promotes caspase-1 activation
and IL-18/IL-1β maturation. Gasdermin D is cleaved by active caspase-1 and drives pyroptosis.

tosis triggered by bacterial component plays an important role in
such iEANs death.

In the meantime, NLRP6 mediated signals are reported to
be regulated by bacteria or bacteria products. Short chain fatty
acids (SCFAs), one type of main metabolites produced by micro-
biota, ameliorate the fructose- and histamine-suppressed NLRP6
expression as well as colonic inflammasome activation, resulting
in the protection against a high-fructose diet-induced hippocam-
pal neuroinflammation and neuronal loss.14 Whether SCFAs or
other bacterial metabolites can regulate NLRP6 inflammasome re-
quires further studies.

NLRP6 as a sensor of viral components
NLRP6 has also been reported to play a role in anti-RNA virus
immune response. In 2015, Wang et al. found that Nlrp6−/− mice
showed stronger susceptibility to EMCV infection, and higher viral
loads in the intestine, upon intragastric infection of EMCV. Mech-
anistical study revealed that NLRP6 cooperates with DHX15 to
recognize long double-stranded RNA (dsRNA) and thus activate
interferon and interferon stimulated genes (ISGs) through mito-
chondrial antiviral signaling proteins (MAVS), to restrict enteric
viruses infection.7 In 2017, Zhu et al. also showed that NLRP6 may
directly bind to dsRNA by GST-pull down experiment.15 However,
conclusive evidence still lacks to prove dsRNA as the direct ligand
to activate NLRP6 inflammasome (Fig. 1).

Role of phase separation in NLRP6
inflammasome activation
In a recent study published in Cell, Shen et al. clarified that NLRP6
binds to both dsRNA and LTA, but not dsDNA, ssRNA, LPS, or
metabolites. Interestingly, upon dsRNA stimulation, dsRNA in-
duces liquid-liquid phase separation (LLPS) of NLRP6 to promote
inflammasome activation in intestine and liver (Fig. 1).11,16

First of all, they analyzed the binding dissociation constants
(KD) of the potential ligands that have been reported, and found
that NLRP6 directly interacts with dsRNA and LTA, with further
increased affinity for longer dsRNA. The strong and selective bind-
ing ability of NLRP6 suggests that it may act as a specific PRR for
various dsRNA species from pathogens. Since increased evidence
has shown RNA and RNA binding proteins are involved in the LLPS
formation,17 and of note, during infection, the RNA binding pro-
tein NLRP6 has been reported to form puncta, which is an impor-
tant feature of the LLPS, they reasoned whether dsRNA and NLRP6
form LLPS to initiate the downstream signal.

Then they tried multiple in vitro and cell experiments and
showed that both dsRNA and LTA can induce NLRP6 to form a
dynamic, liquid-like condensed phase. Next Li R. identified a poly-
lysine region in NLRP6 protein that is important for the multi-
valent interaction between NLRP6 by utilizing the Predictor of
Natural Disordered Regions (PONDR) program and an optoge-
netic platform (optoDroplets). Mutation in this region compro-
mises dsRNA-induced formation of NLRP6 puncta, GSDMD cleav-



Progress in NLRP6 inflammasome | 3

age, and death of cells. Moreover, Li R. generated the poly-lysine
mutant mice and found that LLPS of NLRP6 is important for
defense against a positive-sense single-stranded RNA (+ssRNA)
coronavirus in a model of murine hepatitis virus (MHV) infec-
tion, and also important for maintaining the microbiota-immune
homeostasis in the gut.

Thus, it is proposed that LLPS of NLRP6 is a common response
to ligand stimulation, which serves as a checkpoint to direct
NLRP6 to distinct functional outcomes depending on the cellular
context. The innovations of this paper are: (i) For the first time,
it provided clear evidence that LLPS occurs during inflammasome
activation; (ii) it showed clearly NLRP6, but not NLRP3/NLRC4, rec-
ognizes dsRNA to form LLPS as a platform, explaining the po-
tential mechanism that how NLRP6 integrates multiple signaling
(dsRNA, LTA, inflammasome, interferon); (iii) It demonstrated for
the first time the physiological role of LLPS in mice by using the
poly-lysine mutant mice in which the multivalent interaction be-
tween NLRP6 is affected.

NLRP6 in human diseases
Previous studies of NLRP6 were mostly focused on mouse models.
However, based on the evidence that NLRP6 expression is highly
conserved between human and mouse, a growing number of stud-
ies suggest that NLRP6 is closely associated with a variety of hu-
man diseases.

Consistent with the mouse model, the transcriptome and pro-
teome analysis showed high expression of NLRP6 in the hu-
man gastrointestinal tract, indicating an important role of NLRP6
in maintaining gut homeostasis in humans.18 Tomuschat et al.
found that the expression of NLRP6 in the colonic epithelium as
measured by immunofluorescence decreases markedly in spec-
imens from patients with Hirschsprung’s disease (HSCR) com-
pared with controls,19 indicating dysregulated microbial home-
ostasis in HSCR patients. Mukherjee et al. showed that the ex-
pression of NLRP6 deubiquitinating enzyme CYLD is downregu-
lated in UC patients, which is negatively correlated with IL-18
levels in the colonic mucosa.20 It is possible that the regulatory
mechanisms inhibiting excessive activation of NLRP6-mediated
inflammation are defective in inflammatory bowel disease (IBD)
patients.

Although most studies regarding NLRP6 are focused on intes-
tine, the regulatory role of this molecule during infection and
inflammation in other organs and cells has also been reported.
Ghimire et al. found an increased expression of NLRP6 in neu-
trophils, macrophages, and epithelial cells in the lungs obtained
from pneumonia patients. In Methicillin-resistant Staphylococ-
cus aureus (MRSA) infection model, the up-regulated NLRP6 aug-
ments cell death and leads to less phagocytes to clear bacteria.
This suggests that NLRP6 could have regulatory function in pul-
monary host defense. In addition, higher expression of NLRP6 was
observed in patients with pulpitis and apical periodontitis.21,22 Lu
et al. found that NLRP6 suppresses the inflammatory response of
human periodontal ligament cells by inhibiting NF-κB and ERK
signal pathways, while Tian et al. preferred to explain this pheno-
type by the upregulation and activation of the NLRP6-CASPASE 4
pathway.22 A similar anti-inflammatory role of NLRP6 has been re-
ported in rheumatoid arthritis patients. They found that silencing
of NLRP6 can enhance pro-inflammatory cytokine production via
activating NF-κB pathway.23

Role of NLRP6 in cancer has also been reported. Study showed
lower expression of NLRP6 in gastric cancer surgical tissue com-
pared with adjacent normal gastric tissues.24 Overexpression of

NLRP6 in gastric cancer cells led to a significant decrease in
cell proliferation, migration, and invasion, indicating that NLRP6
acts as a tumor suppressor.24 Another study also suggested that
NLRP6 exerts inhibitory effects on gastric cancer cell growth by
promoting the ubiquitination of GRP78.25 Liu et al. detected in-
creased NLRP6 in the intestine of hepatocellular carcinoma (HCC)
patients with C. albicans. They found the colonization of C. albicans
promoted HCC growth in wild-type mice but didn’t affect tumor
growth in Nlrp6–/– mice,26 indicating a tumor-promoting role of
NLRP6 in HCC patients. Furthermore, studies showed that NLRP6-
dependent pyroptotic and inflammatory gene expression predicts
HCC prognosis.27,28 The expression of these genes has also been
used to predict the prognosis of cutaneous melanoma and the
effect of anticancer therapies.29 Furthermore, NLRP6 inflamma-
some has also been suggested to enhance malignancy, immune
evasion, and radioresistance of glioma cells.30

Thus, NLRP6 seems to act as an inflammation initiator in the
intestinal epithelial cells through inducing inflammasome acti-
vation, pyroptosis, and IL-18 production, while act as a regula-
tor of inflammation in the immune cells through inhibiting NF-κB
pathway. In the neuron system, NLRP6 functioning as an inflam-
masome remains unclear in the context of sterile- and bacterial-
induced inflammation. The role of NLRP6 in tumor cells is still
controversial. More studies on mouse models and human disease
patients are needed to validate whether NLRP6 is a promising tar-
get to treat inflammatory diseases or cancer.

Conclusions and perspectives
The role of NLRP6 in the maintenance of intestinal microbiota
homeostasis and anti-RNA viral immune response has been re-
ported recently. Viruses and bacteria activate NLRP6 with dsRNA
or LTA respectively, and in response to that, LLPS mediated by the
multivalent interaction between NLRP6, serves as a hub to inte-
grate multiple signaling pathways and direct NLRP6 to distinct
functional outcomes. NLRP6 is also found to be associated with
human diseases, such as IBD and colorectal cancer.

Although the underlying mechanisms of NLRP6 inflammasome
activation, as well as the ligands recognition, are of great interests
and biological significances, many of these aspects remain poorly
characterized and questions unanswered. First, since dsRNA and
LTA are completely different molecules, what is the molecular ba-
sis of the ligand recognition of NLRP6? Second, are there post-
transcriptional modifications on NLRP6 protein that may be im-
portant for ligand recognition, LLPS formation, and inflamma-
some activation? Third, how is dsRNA/NLRP6 LLPS physiologically
or pathologically regulated in cells, for example, interfered by
other biological process or targeted by viruses for immune eva-
sion (Fig. 2)?
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Figure 2. Recent understanding of the role of dsRNA/NLRP6 LLPS in signaling integration, and perspectives of the remaining questions. A brief model
to hypothesize how NLRP6 LLPS may serve as a hub to integrate and regulate multiple signaling pathways, and the proposed future directions of the
topic.
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