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The colonic epithelium self-renews every 3 to 5 d, but our under-
standing of the underlying processes preserving wound healing
from carcinogenesis remains incomplete. Here, we demonstrate
that Nod-like receptor pyrin domain-containing protein 6 (NLRP6)
suppresses in!ammation and carcinogenesis by regulating tissue
repair. NLRP6 was primarily produced by myo"broblasts within
the stem-cell niche in the colon. Although NLRP6 expression was
lowered in diseased colon, NLRP6-de"cient mice were highly
susceptible to experimental colitis. Upon injury, NLRP6 de"ciency
deregulated regeneration of the colonic mucosa and processes
of epithelial proliferation and migration. Consistently, absence
of NLRP6 accelerated colitis-associated tumor growth in mice. A
gene-ontology analysis on a whole-genome expression pro"ling
revealed a link between NLRP6 and self-renewal of the epithelium.
Collectively, the integrity of the epithelial barrier is preserved by
NLRP6 that may be manipulated to develop drugs capable of pre-
venting adenoma formation in in!ammatory bowel diseases.

colonic myo!broblasts | colorectal cancer

In!ammatory bowel diseases (IBD), encompassing Crohn dis-
ease and ulcerative colitis, refer to a common relapsing-

remitting in!ammatory condition of the gastrointestinal tract
that remains incurable (1). About 2.2 million Europeans and 1.4
million northern Americans are af!icted by IBD, the hallmarks
of which include severe diarrhea, abdominal pain, fever, weight
loss, bleeding, and malnutrition. The cumulative risk of colo-
rectal cancer (CRC) is up to two times higher in IBD compared
with that in the general population (2). Established risk factors
for CRC in IBD include younger age at diagnosis, greater extent
and duration of disease, family history of CRC, and coexisting
primary sclerosing cholangitis. At the level of the in!ammatory
colorectal adenomas, several somatic mutations (e.g., over-
activating mutations of the !-catenin) intrinsically contribute to
carcinogenesis through activation of kinases, including ERK (3),
and of transcription factors, including STAT3 (4). However, the
cellular and molecular mechanisms whereby IBD patients may
develop CRC remain unresolved.
The severity of colitis is an important determinant of co-

lorectal neoplasia development in IBD (5, 6). In!ammatory cells
that are in"ltrating the tumor microenvironment contribute to
the production of a variety of elicitors, including IL-1!, that
subsequently alter genomic stability of epithelial cells (7). Bi-
ologically active IL-1! is secreted upon cleavage by an in-
!ammatory cysteine protease, namely Caspase-1 (also known as
IL-1! converting enzyme). At the molecular level, Caspase-1
interacts with its adaptor ASC (apoptosis-associated speck-like
protein containing a caspase-recruitment domain) and with cer-
tain cytosolic Nod-like receptor pyrin domain-containing pro-
teins (NLRPs), including NLRP6 (8). The latter (previously re-
ferred to as Pypaf-5) possess a Pyrin as a C-terminal effector
domain that interacts with both ASC and Caspase-1 (9). In re-

sponse to stress-associated molecular patterns, NLRP6, Caspase-
1, and ASC are assembled to form a molecular platform that is
referred to herein as the NLRP6-coupled in!ammasome. Con-
sistently, coexpression of NLRP6 and ASC has been shown to
trigger secretion of the biologically active IL-1! through pro-
teolytic cleavage by Caspase-1 and to promote activation of the
transcription factor NF-"B in vitro (9). Recent "ndings shed light
on the essential role of Caspase-1 in intestinal in!ammation and
carcinogenesis, as revealed by the increased susceptibility of mice
de"cient for Caspase-1 in experimental models of IBD and of
CRC (10–13). However, the role of NLRP6 in tissue repair and
intestinal tumorigenesis has yet to be determined.

Results
NLRP6 Is Essential for Wound Healing of the Intestinal Mucosa. Gene
expression analysis revealed that NLRP6 was primarily ex-
pressed by any part of the small and large intestine (Fig. 1A). In
contrast to what is observed in the gut, the transcript level of
Nlrp6 in the spleen, thymus, heart, lung, brain, and testicles was
barely detectable by quantitative RT-PCR analysis (Fig. 1A).
Besides its expression by peripheral blood mononuclear cells
(9), NLRP6 was primarily expressed by colonic myo"broblasts
(Fig. 1 B and C). The restricted expression pattern of NLRP6
led us to investigate whether NLRP6 may regulate pathways
involved in re-epithelialisation of colon wounds. The mucosal
regeneration after biopsy injury of the descending colon was
assessed in Nlrp6-de"cient and control animals (Fig. S1) by
using a straight-type rigid miniature endoscope and 3-French
biopsy forceps (14). Healing of oval-shaped wounds in the
mucosa of the distal colon of control animals was recovered by
62% and by 74% at 3 and 6 d postinjury, respectively (Fig. 1 D
and E). In contrast, an incomplete healing of the average sur-
face lesion area was observed in Nlrp6-de"cient mice over time
(Fig. 1 D and E). Collectively, our results unveiled a key role of
NLRP6 in mucosal wound healing.

NLRP6 Prevents Relapsing Colitis in Mice. Given the important role
of NLRP6 in tissue repair, we next hypothesized that NLRP6
may have a role in maintaining intestinal homeostasis using a
validated experimental model of relapsing-remitting intestinal
wounding (15). Wild-type and Nlrp6-de"cient (Nlrp6!/!) mice
were challenged with 3% dextran sodium sulfate (DSS) for 7 d
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the stem-cell niche in the colon. Although NLRP6 expression was
lowered in diseased colon, NLRP6-de"cient mice were highly
susceptible to experimental colitis. Upon injury, NLRP6 de"ciency
deregulated regeneration of the colonic mucosa and processes
of epithelial proliferation and migration. Consistently, absence
of NLRP6 accelerated colitis-associated tumor growth in mice. A
gene-ontology analysis on a whole-genome expression pro"ling
revealed a link between NLRP6 and self-renewal of the epithelium.
Collectively, the integrity of the epithelial barrier is preserved by
NLRP6 that may be manipulated to develop drugs capable of pre-
venting adenoma formation in in!ammatory bowel diseases.

colonic myo!broblasts | colorectal cancer

In!ammatory bowel diseases (IBD), encompassing Crohn dis-
ease and ulcerative colitis, refer to a common relapsing-

remitting in!ammatory condition of the gastrointestinal tract
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loss, bleeding, and malnutrition. The cumulative risk of colo-
rectal cancer (CRC) is up to two times higher in IBD compared
with that in the general population (2). Established risk factors
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and duration of disease, family history of CRC, and coexisting
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and of transcription factors, including STAT3 (4). However, the
cellular and molecular mechanisms whereby IBD patients may
develop CRC remain unresolved.
The severity of colitis is an important determinant of co-
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followed by a 10-d period of regular drinking water. The sulfated
polysaccharide DSS is known to recapitulate epithelial tissue
disruption, potentially leading to microbial translocation that is
frequently observed in IBD (16). Subsequently, the injured co-
lonic mucosa is in!ltrated by leukocytes that secrete endogenous
activating signals of the in"ammasome, including reactive oxygen
species (17). Under this condition, a signi!cant decreased ex-
pression of NLRP6 was observed after DSS exposure that was
progressively restored during remission (Fig. 2A), suggesting
a protective role of NLRP6 in intestinal in"ammation. Surrogate
markers of colitis-associated morbidity, including body weight
loss, stool consistency, and rectal bleeding, were daily monitored.
DSS-treatedNlrp6!/!mice exhibited a signi!cant decrease of their
initial body weight compared with similarly treated wild-type
animals (Fig. 2B). In addition, Nlrp6-de!cient mice showed
persistent signs of colitis compared with controls, including
hunched posture, rectal bleeding, and diarrhea. Endoscopy
analysis of the DSS-challenged animals revealed overt signs of
tissue damage with bleeding and ulcerations in the absence of
NLRP6, as observed in IBD (Fig. 2C). Furthermore, the length
of the diseased colon harvested from Nlrp6-de!cient mice was
signi!cantly shorter than that observed in controls at day 6 (Fig.
2 D and E). Throughout the remission phase, immunohisto-
chemical analysis showed enhanced in!ltration of leukocytes that
was accompanied by the formation of edema, as determined by
the histological score (Fig. 2F). In addition, the disruption of the
colonic architecture in Nlrp6!/! mice (Fig. 2 G and J) resulted in
enhanced permeability (Fig. 3A). In contrast, the histological
aspect of the colonic mucosa was normal in wild-type mice at the
end of experimental procedure (Fig. 2I). Importantly, the en-
hanced shrinkage (Fig. 2E) and mucosal damage (Fig. 2 G and
J) of the DSS-treated colon in Nlrp6!/! mice lasted even after
10 d of regular water. Taken together, these results demonstrate
that a lack of functional NLRP6-coupled in"ammasome renders
mice prone to develop relapsing colitis.

NLRP6 Controls Epithelial Cell Organization and Proliferation upon
Injury. Given the increased susceptibility of Nlrp6-de!cient mice
in an experimental model of IBD, we next sought to determine
whether NLRP6 might control colonocyte proliferation and
migration upon injury. Immunohistochemical detection of 5
BrdU incorporation was performed in the colon of DSS-treated
animals after 1-h pulse-chase. Cycling epithelial cells at the crypt
and around the wounds was perceptibly enhanced when NLRP6
was absent (Fig. 3B). In addition, cell migration within the lower
half of the epithelial invagination was affected by the absence of
functional NLRP6, indicating that the latter may suppress in-
testinal epithelial cell proliferation upon injury. In an attempt
to determine the NLRP6-dependent gene program involved in
maintenance of intestinal homeostasis, RNA was next extracted
from the colon of DSS-treated animals and gene expression was
assessed by quantitative RT-PCR analysis. Following injury by
DSS, the levels of transcripts for molecules involved in cell
proliferation, including the tumor-suppressor gene Casein kinase
! (Csnk1!) that stabilizes "-catenin, was found to be up-regulated
in the colon of Nlrp6!/! mice compared with treated wild-type
animals (Fig. 3C). Similarly, the expression of molecules that are
primarily expressed within the proliferating epithelial population
of the colonic crypts, including SMARRC1 (18), was signi!cantly
enhanced compared with that in control mice (Fig. 3C). Of note,
intestinal tumorigenesis is linked to abnormal expression of
Csnk1! (19, 20) and of SMARRC1, which is a member of the
switch/sucrose nonfermentable chromatin remodeling complex
(21). In addition, an enhanced mRNA and protein expression of
IL-17A was observed in the colon of Nlrp6!/! mice (Fig. 3 C and
D). Likewise, the colonic mucosa Nlrp6!/! mice showed en-
hanced transcript levels of molecules involved in the Th17-
mediated pathway, including Chemokine (C-C motif) ligand 20
(Ccl20) and matrix metalloproteinase-7. In contrast, transcrip-
tion of several genes encoding proin"ammatory cytokines,
including IL-1", were similar between the diseased colon of wild-
type and that of Nlrp6-de!cient animals (Fig. 3D). Consistently,
the use of interleukin-1 receptor antagonist (namely anakinra)
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failed to protect Nlrp6!/! mice from enhanced DSS-induced
colitis, as evidenced by body weight loss (Fig. S2A) and signs of
rectal bleeding and diarrhea (Fig. S2B). At autopsy, the macro-
scopic appearance of the colon of Nlrp6!/! was indistinguishable
from that of anakinra-treated Nlrp6!/! mice upon DSS injury.
Collectively, the ef!ciency of the process of wound healing
requires functional NLPR6 by regulating several processes in-
volved in proliferation of the adjacent epithelia and in Th17
function. In accordance with our !ndings, disease severity in
mice de!cient for two additional components of the NLRP6-
coupled in"ammasome, namely Caspase-1 and ASC, was similar
to that observed in Nlrp6!/! mice after DSS injury of the colonic
epithelial barrier (10, 11, 13).

NLRP6 Is a Negative Regulator of Colorectal Tumorigenesis. Given
the key pathophysiological role of colonic myo!broblast in wound
healing and colorectal carcinogenesis, we next reasoned that
NLRP6 may prevent the development of tumors in chronically
in"amed colon. Similarly to what we observed in DSS-treated
mice (Fig. 2A), NLRP6 expression was lowered at the level of the
adenocarcinoma compared with that in nontumoral colonic sec-
tions (Fig. 4A), suggesting that NLRP6 may be a negative regu-
lator of intestinal tumorigenesis. To test this hypothesis, wild-type
and Nlrp6-de!cient mice were subjected to a well-characterized
experimental model of colitis-associated CRC (22). Brie"y, ani-
mals were !rst administered azoxymethane (AOM) by in-
traperitoneal injection followed by repeated oral administration
of DSS. AOM is an alkylating procarcinogen causing formation

of O6-methylguanine adducts by the colon, promoting G-to-A
transition during DNA replication. Mice were challenged with
four rounds of DSS for a period of 5 d interspersed with 7 d ac-
cess to drinking water. Under this condition, Nlrp6-de!cient mice
lost signi!cantly more body weight during the second round of
DSS, which was accompanied by more severe clinical signs of
colitis, including rectal bleeding and diarrhea, compared with
wild-type animals (Fig. 4B). Although none of the treated wild-
type mice died, about 20% of Nlrp6-de!cient mice were mori-
bund during the DSS-AOM regimen and needed euthanasia at
days 5 and 22 for ethical reasons, further indicating that mutant
mice are more sensitive to DSS. Consistently, endoscopy analysis
of mice revealed the presence of adenomas within the colon of
Nlrp6-de!cient mice (Fig. 4C). At necropsy, higher weight-to-
length ratios were observed in Nlrp6-de!cient mice compared
with those of controls because of accelerated tumor growth when
NLRP6 was absent (Fig. 4 D and F). The tumor burden was also
signi!cantly higher at the end of the colon of Nlrp6-de!cient mice
compared with controls (Fig. 4G).

Genetic Ablation of NLRP6 Alters Expression of Paracrine Factors
Involved in Colonic Epithelial Proliferation. To further characterize
how NLRP6 may negatively regulate intestinal tumorigenesis,
we next performed transcriptional pro!ling of tumoral (T) and
nontumoral (NT) biopsies that were procured from Nlrp6+/+ and
Nlrp6!/! treated with the DSS-AOM regimen. We were able to
identify a set of 905 genes that were induced or repressed greater
than twofold independently of NLRP6 (Fig. 3 A and B). Of this
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Fig. 2. NLRP6 prevents relapsing colitis in mice. Wild-type (Nlrp6+/+) and Nlrp6-de!cient mice (Nlrp6!/!) were challenged with 3% DSS for 6 d or 7 d followed
by a 10-d period of regular drinking water. (A) Nlrp6 expression was assessed by quantitative RT-PCR in colon from control wild-type mice (n = 4) and from
animals treated with DSS for 6 d (n = 9) or for 7 d of DSS challenge followed by a 10-d period of regular water (n = 6). *P < 0.05. (B) Body loss of weight of
Nlrp6+/+ (n = 10) and Nlrp6!/! (n = 5) mice was monitored. *P < 0.05, **P < 0.01, ***P < 0.001. (C) Endoscopic analysis was made before necropsy to observe
the tissue damage after 6 d of DSS treatment. Representative photographs of dissected Nlrp6+/+ and Nlrp6!/! mice at day 6 (D) and day 17 (H). (E) The colon
length was measured at day 6 (from nine Nlrp6+/+ and six Nlrp6!/! mice) and day 17 (from seven Nlrp6+/+ and three Nlrp6!/! mice). The histological score was
evaluated on serial colonic sections stained with H&E at day 6 (from nine Nlrp6+/+ and six Nlrp6!/! mice) (F and G) and day 17 (from seven Nlrp6+/+ and three
Nlrp6!/! mice) (I and J).
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gene set, an ontology-based analysis identi!ed a signi!cant en-
richment of genes involved in in"ammation mediated by the
chemokine and cytokine signaling pathway, including the Che-
mokine (C-C motif) ligand 24 (Ccl24) (Fig. S4). In contrast, we
did not observe any NLRP6-dependent changes of the transcript
abundance of the IL-1 family member IL-18 and of prostaglan-
din-endoperoxide synthase 2. Consistent with our !ndings, acti-
vation of Wnt through the Adenomatous polyposis coli (APC)
min mutation triggers colorectal development independently of
the IL1R-mediated signaling pathway (3). Importantly, a Venn
diagram revealed that the expression of certain genes was
in"uenced by the NLRP6 genotype, as shown in Fig. S3A. Within
the set of 1,884 genes that were solely differentially expressed in
Nlrp6-de!cient mice, a signi!cant overrepresentation of para-
crine factors of the p53 Wnt and Notch signaling pathways was
observed, supporting a role of NLRP6 in regulation of intestinal
crypt cell proliferation (Fig. S3C). Several genes encode agonists
of the Wnt-signaling pathway, among which the dickkopf-related
protein 2 (Dkk2) and Wingless-type mouse mammary tumor
virus integration site family, member 3 (Wnt-3), 5b (Wnt-5b),
and 6 (Wnt-6) (23), fell in this category. Notably, the microarray
analysis clearly revealed an overexpression of the latter genes in
tumoral resection specimens of Nlrp6-de!cient mice compared

with wild-type treated animals. Of interest, the expression of a
set of Wnt-target genes, particularly the proto-oncogene Mycl1,
was enhanced in the absence of NLRP6 (Fig. S3D). As observed
for SMARRC1, it is worth noting that Mycl1 was primarily
expressed in epithelial cells that are located at the base of the
crypt, further supporting the regulatory role of NLRP6 in self-
renewal of the epithelium. Sporadic and familial CRC tumori-
genesis in humans are often caused by Wnt-activating mutations,
including oncogenic forms of !-catenin–encoding gene, namely
Ctnnb1. We therefore screened for mutations in exon 3 of
Ctnnb1 (24). Consistent with our gene-expression pro!ling,
de novo mutation that either affects nuclear localization of the
!-catenin (Gly34Glu) or that alters phosphorylation of the
!-catenin by GSK-3 ! (Asp32Gly) were found de novo in four of
eight tumoral tissues isolated from Nlrp6!/! mice compared with
only one Gly34Glu allele in wild-type mice. Collectively, our
comprehensive approach provides a mechanism whereby NLRP6
may limit epithelial cell depolarization and tissue disintegration
upon injury.

Discussion
The colon is renewed every 3 to 5 d (25). IBD is thought to result
from a defective wound healing from overt in"ammatory re-
sponse to certain commensals in the colon of genetically pre-
disposed individuals. Following injury, the self-renewal of the
epithelial barrier is controlled by a coordinated molecular ma-
chinery that began to be identi!ed. We thereby undertook an
in vivo approach based on inactivating NLRP6. We provided
compelling evidence for an important role of NLRP6 in self-
renewal of the intestinal epithelium. Importantly, absence of
NLRP6 resulted in defective wound healing in response to trauma
that were triggered either by biopsy or by exposure to DSS, per-
haps through a failure of enterocytes to activate STAT3 (26). The
discovery of a NLR controlling colonic myo!broblast function and
interaction with adjacent epithelial progenitors at the bottom of
the crypts was unexpected.
NLRP6 expression was down-regulated in in"amed colons

and adenomas in mice. Consistently, an essential role of NLRP6
in intestinal homeostasis was demonstrated. Notably, NLRP6 de-
!ciency resulted in enhanced epithelial expression of molecules,
including Csnk1" and SMARCC1, which may enhance prolif-
eration of the dysplatic epithelium. Unlike NLRP6 and Caspase-
1, the role of the NLRP3-coupled in"ammasome in intestinal
homeostasis and tumorigenesis remains controversial in mice (10,
11, 13, 27, 28), suggesting a differential role between the NLRP3-
and NLRP6-coupled in"ammasomes. Noteworthy, we failed to
observe any changes in secretion of IL-1! and any anti-in"ammatory
effect of anakinra in Nlrp6-de!cient mice that may account for
their vulnerability to DSS.
Finally, we identi!ed the NLRP6-coupled in"ammasome as a

negative regulator in colonic myo!broblast of intestinal tumori-
genesis that mirrors the phenotype of mice de!cient for two other
NLRP6-interacting molecules, namely Caspase-1 and ASC (11).
Importantly, colonic myo!broblast is a radio-sensitive cellular
compartment within the stem cell niche of the colon. In addition,
colonic myo!broblast is a major source of modulators of the Wnt
signaling pathway that is essential in synchronizing the behavior
of the colonic epithelium in response to injury. Notably, the Wnt
signaling pathway governs about 80 genes that are involved in
proliferation, upward migration, and differentiation (29). It is
worth noting that inhibiting Csnk1" down-regulates the activity of
the Wnt/!-catenin signaling pathway that is overactivated in a
large proportion of patients with CRC (19). Similarly, alteration of
the expression of the transcription factor Smarrc1 is linked to de-
regulation of the Wnt/!-catenin signaling pathway and to disease
severity in CRC (18). Herein, an enhanced expression of paracrine
factors that alter the Wnt/!-catenin signaling pathway was also
observed within tumors ofNlrp6-de!cient mice. Given that genetic

A
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Fig. 3. Incomplete wound healing in the colon of Nlrp6-de!cient mice re-
sult in enhanced cell cycle arrest, intestinal permeability, and in"ammatory
response. (A) FITC-dextran concentration in sera from DSS-treated Nlrp6+/+

(n = 2) and Nlrp6!/! (n = 4) mice. (B) Immunohistochemical detection of BrdU
incorporation was performed in the colon of DSS-treated animals after a 1-h
pulse-chase. (C) Relative gene expression and (D) cytokine concentration
were determined at day 0 (from four Nlrp6+/+ and three Nlrp6!/! mice), day 6
(from nine Nlrp6+/+ and six Nlrp6!/! mice), and day 17 (from seven Nlrp6+/+

and three Nlrp6!/! mice) by quantitative RT-PCR and ELISA analysis, re-
spectively.
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gene set, an ontology-based analysis identi!ed a signi!cant en-
richment of genes involved in in"ammation mediated by the
chemokine and cytokine signaling pathway, including the Che-
mokine (C-C motif) ligand 24 (Ccl24) (Fig. S4). In contrast, we
did not observe any NLRP6-dependent changes of the transcript
abundance of the IL-1 family member IL-18 and of prostaglan-
din-endoperoxide synthase 2. Consistent with our !ndings, acti-
vation of Wnt through the Adenomatous polyposis coli (APC)
min mutation triggers colorectal development independently of
the IL1R-mediated signaling pathway (3). Importantly, a Venn
diagram revealed that the expression of certain genes was
in"uenced by the NLRP6 genotype, as shown in Fig. S3A. Within
the set of 1,884 genes that were solely differentially expressed in
Nlrp6-de!cient mice, a signi!cant overrepresentation of para-
crine factors of the p53 Wnt and Notch signaling pathways was
observed, supporting a role of NLRP6 in regulation of intestinal
crypt cell proliferation (Fig. S3C). Several genes encode agonists
of the Wnt-signaling pathway, among which the dickkopf-related
protein 2 (Dkk2) and Wingless-type mouse mammary tumor
virus integration site family, member 3 (Wnt-3), 5b (Wnt-5b),
and 6 (Wnt-6) (23), fell in this category. Notably, the microarray
analysis clearly revealed an overexpression of the latter genes in
tumoral resection specimens of Nlrp6-de!cient mice compared

with wild-type treated animals. Of interest, the expression of a
set of Wnt-target genes, particularly the proto-oncogene Mycl1,
was enhanced in the absence of NLRP6 (Fig. S3D). As observed
for SMARRC1, it is worth noting that Mycl1 was primarily
expressed in epithelial cells that are located at the base of the
crypt, further supporting the regulatory role of NLRP6 in self-
renewal of the epithelium. Sporadic and familial CRC tumori-
genesis in humans are often caused by Wnt-activating mutations,
including oncogenic forms of !-catenin–encoding gene, namely
Ctnnb1. We therefore screened for mutations in exon 3 of
Ctnnb1 (24). Consistent with our gene-expression pro!ling,
de novo mutation that either affects nuclear localization of the
!-catenin (Gly34Glu) or that alters phosphorylation of the
!-catenin by GSK-3 ! (Asp32Gly) were found de novo in four of
eight tumoral tissues isolated from Nlrp6!/! mice compared with
only one Gly34Glu allele in wild-type mice. Collectively, our
comprehensive approach provides a mechanism whereby NLRP6
may limit epithelial cell depolarization and tissue disintegration
upon injury.

Discussion
The colon is renewed every 3 to 5 d (25). IBD is thought to result
from a defective wound healing from overt in"ammatory re-
sponse to certain commensals in the colon of genetically pre-
disposed individuals. Following injury, the self-renewal of the
epithelial barrier is controlled by a coordinated molecular ma-
chinery that began to be identi!ed. We thereby undertook an
in vivo approach based on inactivating NLRP6. We provided
compelling evidence for an important role of NLRP6 in self-
renewal of the intestinal epithelium. Importantly, absence of
NLRP6 resulted in defective wound healing in response to trauma
that were triggered either by biopsy or by exposure to DSS, per-
haps through a failure of enterocytes to activate STAT3 (26). The
discovery of a NLR controlling colonic myo!broblast function and
interaction with adjacent epithelial progenitors at the bottom of
the crypts was unexpected.
NLRP6 expression was down-regulated in in"amed colons

and adenomas in mice. Consistently, an essential role of NLRP6
in intestinal homeostasis was demonstrated. Notably, NLRP6 de-
!ciency resulted in enhanced epithelial expression of molecules,
including Csnk1" and SMARCC1, which may enhance prolif-
eration of the dysplatic epithelium. Unlike NLRP6 and Caspase-
1, the role of the NLRP3-coupled in"ammasome in intestinal
homeostasis and tumorigenesis remains controversial in mice (10,
11, 13, 27, 28), suggesting a differential role between the NLRP3-
and NLRP6-coupled in"ammasomes. Noteworthy, we failed to
observe any changes in secretion of IL-1! and any anti-in"ammatory
effect of anakinra in Nlrp6-de!cient mice that may account for
their vulnerability to DSS.
Finally, we identi!ed the NLRP6-coupled in"ammasome as a

negative regulator in colonic myo!broblast of intestinal tumori-
genesis that mirrors the phenotype of mice de!cient for two other
NLRP6-interacting molecules, namely Caspase-1 and ASC (11).
Importantly, colonic myo!broblast is a radio-sensitive cellular
compartment within the stem cell niche of the colon. In addition,
colonic myo!broblast is a major source of modulators of the Wnt
signaling pathway that is essential in synchronizing the behavior
of the colonic epithelium in response to injury. Notably, the Wnt
signaling pathway governs about 80 genes that are involved in
proliferation, upward migration, and differentiation (29). It is
worth noting that inhibiting Csnk1" down-regulates the activity of
the Wnt/!-catenin signaling pathway that is overactivated in a
large proportion of patients with CRC (19). Similarly, alteration of
the expression of the transcription factor Smarrc1 is linked to de-
regulation of the Wnt/!-catenin signaling pathway and to disease
severity in CRC (18). Herein, an enhanced expression of paracrine
factors that alter the Wnt/!-catenin signaling pathway was also
observed within tumors ofNlrp6-de!cient mice. Given that genetic
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Fig. 3. Incomplete wound healing in the colon of Nlrp6-de!cient mice re-
sult in enhanced cell cycle arrest, intestinal permeability, and in"ammatory
response. (A) FITC-dextran concentration in sera from DSS-treated Nlrp6+/+

(n = 2) and Nlrp6!/! (n = 4) mice. (B) Immunohistochemical detection of BrdU
incorporation was performed in the colon of DSS-treated animals after a 1-h
pulse-chase. (C) Relative gene expression and (D) cytokine concentration
were determined at day 0 (from four Nlrp6+/+ and three Nlrp6!/! mice), day 6
(from nine Nlrp6+/+ and six Nlrp6!/! mice), and day 17 (from seven Nlrp6+/+

and three Nlrp6!/! mice) by quantitative RT-PCR and ELISA analysis, re-
spectively.
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ablation of the cytosolic adaptor MyD88 rescued APC de!ciency
in the colon (30), the regulatory role of NLRP6 on signaling path-
ways mediated through MyD88 remains now to be assessed. Of
note, clinical investigations revealed that NLRP6 expression and
ASC methylation may represent unique molecular markers of
carcinogenesis (31, 32). Collectively, we provide evidence that
NLRP6 is involved inmaintenance of the integrity of the epithelial
barrier, suggesting that continuous stimulation of NLRP6 may
represent a promising therapeutical strategy in IBD and CRC.

Materials and Methods
Generation of Nlrp6-De!cient Mice. Nlrp6!/! mice were generated through
homologous recombination by using the Lex-1 ES cells that are derived from
the 129SvEvBrd strain. A gene-targeting vector with a neomycin-resistance
cassette was constructed to replace the !rst two exons of Nlrp6 (Fig. S1A).
The latter is required to encode the Pyrin domain of NLRP6, which is
essential for recruiting ASC and subsequently for activating Caspase-1 (9).
The mRNA sequence of Nlrp6 gene is reported in GenBank accession no.
JF810536. Genotyping of positive ES clones was accomplished by Southern
blotting analysis. Nlrp6-de!cient mice (Nlrp6!/!) were produced at the
expected Mendelian ratio by crossing heterozygous animals. Genotyping of
mouse tail DNA was performed to con!rm the presence of the wild-type and
targeted alleles (Fig. S1B). Nlrp6!/! animals were viable and were back-
crossed onto a C57BL6/J background. Nlrp6!/! mice showed no gross ab-
normalities when bred under speci!c pathogen-free environment. The
absence of Nlrp6 mRNA in Nlrp6!/! animals was con!rmed by quantitative
RT-PCR (Fig. S1C).

Induction of Relapsing-Remitting Colitis and In"ammation-Driven Colon
Carcinogenesis. All animal studies were approved by the local investigational
review board of the Institut Pasteur of Lille. Animal experiments were per-
formed in an accredited establishment (N° B59-108) according to govern-

mental guidelines N°86/609/CEE. Age- and sex-matched animals were housed
!ve per cages and had free access to a standard laboratory chow diet in
a temperature-controlled SPF environment and a half-daylight cycle exposure.
Relapsing-remitting colitis was induced by giving mice 3% (wt/vol) DSS (TdB
Consultancy) for a period of 6 to 8 d followed by normal drinking water for 2
to 10 d. DSS was dissolved in drinking water and changed every 3 d. Signs of
morbidity, including body weight, stool consistency, and occult blood or the
presence of macroscopic rectal bleeding gross, were monitored daily as pre-
viously described (15). At speci!c time points throughout the course of the
challenge, mice were autopsied to assess the severity of the disease by mea-
surement of colon lengths and by histological scoring. To assess the role of
NLRP6 in development of in"ammation-associated tumorigenesis of the co-
lon, mice were challenged intraperitoneally with AOM (8 mg/kg body weight;
Sigma-Aldrich) 5 d before one or four regimens that consist in a 5-d period of
2% DSS treatment (wt/vol) followed with a week of regular water, as pre-
viously described (22). The distal colon located 1-cm above the anal canal was
dissected out and cut transversally. Tissue specimens were collected and kept
frozen until further quanti!cation of transcript and protein levels. One piece
of colon was !xed in 4% paraformaldehyde and embedded in paraf!n for
blinded immunohistochemistry analysis by two investigators. Histological
scoring of H&E-stained sections take into account the level of in"ammatory
cell in!ltration and the epithelial damage, as previously described (15).

Mouse Endoscopy. The presence of ulcerations and of adenomas within the
colon was monitored by using the Coloview high resolution mouse endo-
scopic system (Karl-Storz), as described previously (15, 22).

Immunohistochemistry. For NLRP6 immunostaining, we used a polyclonal goat
antibody [NLRP6 (F-20): sc-50636; Santa Cruz Biotechnology]. Full-thickness
sections were processed for peroxidase immunostaining using the Dako
Laboratories system following the manufacturer’s recommendations. Im-
munohistochemistry was performed on formalin-!xed, paraf!n-embedded
tissue sections using the streptavidin-biotin-peroxydase method in a Dako-
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Fig. 4. Nlrp6!/! mice develop more tumors than control after experimental chronic in"ammation in an experimental model of colorectal tumorigenesis. Five
days after AOM administration (at 8 mg/kg), Nlrp6+/+ (n = 8) and Nlrp6!/! (n = 8) mice were subjected to four rounds of 2% DSS for 5 d interspersed with
7-d access to regular drinking water mice. (A) Nlrp6 expression was assessed by quantitative RT-PCR in tumoral and nontumoral resection specimen. *P < 0.05.
(B) Disease activity index, including body weight loss, presence of rectal bleeding, and stool consistency, was measured daily. *P < 0.05, ***P < 0.001. (C)
Endoscopic analysis of mice at day 49. Representative photographs of dissected colon (D) and of H&E staining of paraformaldehyde-!xed tissue (E) at
necropsy. Values represent the weight/length ratio (F) and the number of tumor (G) per colon of each Nlrp6+/+ and Nlrp6!/! mice. ***P < 0.001.
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Gene;c	  Abla;on	  of	  NLRP6	  Alters	  Expression	  of	  Paracrine	  Factors	  
Involved	  in	  Colonic	  Epithelial	  Prolifera;on.	  	  
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Conclusions	  

•  NLRP6	  is	  important	  in	  <ssue	  repair.	  

•  Lack	  of	  func<onal	  NLRP6-‐coupled	  inflammasome	  renders	  mice	  
prone	  to	  develop	  relapsing	  coli<s.	  	  

•  The	  efficiency	  of	  the	  process	  of	  wound	  healing	  requires	  func<onal	  
NLPR6	  by	  regula<ng	  several	  processes	  involved	  in	  prolifera<on	  of	  
the	  adjacent	  epithelia	  and	  in	  Th17	  func<on.	  	  

•  Nlrp6-‐/-‐	   mice	   develop	   more	   tumors	   than	   control	   aQer	  
experimental	   chronic	   inflamma<on	   in	   an	   experimental	  model	   of	  
colorectal	  tumorigenesis.	  	  

•  NLRP6	   may	   limit	   epithelial	   cell	   depolariza<on	   and	   <ssue	  
disintegra<on	  upon	  injury.	  	  
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NLRP6 negatively regulates innate immunity and
host defence against bacterial pathogens
Paras K. Anand1, R. K. Subbarao Malireddi1, John R. Lukens1, Peter Vogel2, John Bertin3, Mohamed Lamkanfi4,5

& Thirumala-Devi Kanneganti1

Members of the intracellular nucleotide-binding and oligomeriza-
tion domain (NOD)-like receptor (NLR) family contribute to
immune responses through activation of nuclear factor-kB
(NF-kB), type I interferon andinflammasomesignalling1.Mice lack-
ing the NLR family member NLRP6 were recently shown to be
susceptible to colitis and colorectal tumorigenesis2–4, but the role of
NLRP6 in microbial infections and the nature of the inflammatory
signalling pathways regulated by NLRP6 remain unclear. Here we
show that Nlrp6-deficient mice are highly resistant to infection
with the bacterial pathogens Listeria monocytogenes, Salmonella
typhimurium and Escherichia coli. Infected Nlrp6-deficient mice
had increased numbers of monocytes and neutrophils in circula-
tion, and NLRP6 signalling in both haematopoietic and radioresis-
tant cells contributed to increased susceptibility. Nlrp6 deficiency
enhanced activation of mitogen-activated protein kinase (MAPK)
and the canonical NF-kB pathway after Toll-like receptor ligation,
but not cytosolic NOD1/2 ligation, in vitro. Consequently, infected
Nlrp6-deficient cells produced increased levels of NF-kB- and
MAPK-dependent cytokines and chemokines. Thus, our results
reveal NLRP6 as a negative regulator of inflammatory signalling,
and demonstrate a role for this NLR in impeding clearance of both
Gram-positive and -negative bacterial pathogens.
Despite the availability of antibiotics, bacterial infections continue

to threaten public health worldwide. According to estimates from the
US Centers for Disease Control and Prevention, roughly 48million
people in the United States get ill every year owing to foodborne
illnesses, resulting in 3,000 deaths annually5. Listeria and Salmonella
belong to the top three pathogens contributing to foodborne infections
resulting in death5,6. L. monocytogenes and S. typhimurium are
facultative intracellular pathogens that can survive and replicate
within macrophages and dendritic cells. Listeria rapidly escapes the
phagosome to replicate in the cytosol, whereas Salmonella lacks
a phagosomal escape mechanism and inhabits the Salmonella-
containing vacuole7–9. A deeper understanding of the mechanisms
by which these and other bacterial pathogens are sensed by the
immune system may contribute to new approaches for developing
antimicrobials. Cells of the innate immune system detect microorgan-
isms by means of a limited set of evolutionary conserved pattern
recognition receptors (PRRs)10. NLR proteins represent a family of
intracellular PRRs that survey the cytoplasmic compartment for
infectious agents and cellular damage1. NLRs such as NOD1 and
NOD2 contribute to host defence against microbial pathogens by
inducing the production of pro-inflammatory cytokines through
activation of NF-kB and MAPK signalling, whereas NLRs such as
NLRP1, NLRP3 and NLRC4 facilitate the activation of inflammatory
caspases in large multiprotein complexes termed inflammasomes11,12.
Our knowledge of the former NLRs has markedly improved in recent
years, but initial characterization of NLRP6 has only recently been
reported2–4,13. These studies demonstrated that NLRP6 contributes to

protection against colitis, colorectal tumorigenesis and non-alcoholic
steatosis by regulating the integrity of the epithelial barrier and by
altering the composition of the gut microflora2–4,13. However, the
role of NLRP6 in host defence against microbial pathogens, and the
signalling pathways it regulates remain unclear.
To characterize NLRP6 expression in immune cells, Nlrp6 trans-

cript abundance in immune and epithelial cells was analysed by real-
time quantitative PCR (qPCR). As previously reported14, neutrophils
and T cells showed the highest expression levels for Nlrp6, followed
by macrophages, epithelial cells and dendritic cells (Supplementary
Fig. 1), suggesting that NLRP6 may have an important role in these
cell types. The domain architecture of NLRP6 resembles that of
NLRP3, and consists of an amino-terminal Pyrin domain, a centrally
located nucleotide-binding domain and a stretch of carboxy-terminally
located leucine-rich repeats1. Nlrp6-deficient mice have been
described2–4,13, and animals appeared healthy and did not display gross
abnormalities when housed in a specific-pathogen-free facility (data
not shown). To characterize the role of NLRP6 during microbial
infections, wild-type (C57BL/6J) and Nlrp62/2 mice were infected
intraperitoneally (i.p.) with a lethal dose of 106 colony-forming units
(c.f.u.) of L. monocytogenes. Whereas the entire cohort of wild-type
mice succumbed to infection within 5–6 days, 75% of Nlrp62/2 mice
survived the infection and were still alive at day 20 after infection
(Fig. 1a). In agreement, wild-type mice lost on average 20% of their
initial body weight before succumbing to infection, whereas in
Nlrp62/2 mice weight loss was initially limited (,10% by day 3) and
body weight gradually returned to normal levels after day 4 (Fig. 1b).
To examine whether differential mortality in wild-type and Nlrp62/2

mice was associated with differences in bacterial dissemination,
bacterial burdens in systemic organs were determined at days 1 and
3 after infection. Notably, both the liver and spleen of Nlrp62/2 mice
contained significantly less bacteria than those ofwild-typemice at day
1 (Fig. 1c, d); this difference increased further by day 3 after infection
(Fig. 1e, f). Immunohistochemical analysis of liver sections confirmed
L. monocytogenes to be nearly absent from the liver capsules of
Nlrp62/2mice, whereas those of wild-typemice weremorphologically
distorted owing to high pathogen counts (Fig. 1g). L. monocytogenes
infection is known to trigger histopathological lesions and the forma-
tion of inflammatory cell foci, the size of which correlates with disease
severity15. To examine the extent of immune cell infiltration, haema-
toxylin and eosin (H&E)-stained liver sections of L. monocytogenes-
infected wild-type and Nlrp62/2 mice were compared. In agreement
with our previous results, inflammatory cell foci in Nlrp62/2 livers
were significantly smaller than those found in wild-type mice at day 3
after infection (Fig. 1h and Supplementary Fig. 2). To examine the role
of NLRP6 during alternative infection routes, cohorts of wild-type and
Nlrp62/2micewere infectedwithL.monocytogenes intravenously (i.v.).
As with i.p.-infected animals (Fig. 1e, f), bacterial counts in the liver
and spleen of i.v.-infectedNlrp62/2mice were significantly lower than
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NLRP6 negatively regulates innate immunity and
host defence against bacterial pathogens
Paras K. Anand1, R. K. Subbarao Malireddi1, John R. Lukens1, Peter Vogel2, John Bertin3, Mohamed Lamkanfi4,5

& Thirumala-Devi Kanneganti1

Members of the intracellular nucleotide-binding and oligomeriza-
tion domain (NOD)-like receptor (NLR) family contribute to
immune responses through activation of nuclear factor-kB
(NF-kB), type I interferon andinflammasomesignalling1.Mice lack-
ing the NLR family member NLRP6 were recently shown to be
susceptible to colitis and colorectal tumorigenesis2–4, but the role of
NLRP6 in microbial infections and the nature of the inflammatory
signalling pathways regulated by NLRP6 remain unclear. Here we
show that Nlrp6-deficient mice are highly resistant to infection
with the bacterial pathogens Listeria monocytogenes, Salmonella
typhimurium and Escherichia coli. Infected Nlrp6-deficient mice
had increased numbers of monocytes and neutrophils in circula-
tion, and NLRP6 signalling in both haematopoietic and radioresis-
tant cells contributed to increased susceptibility. Nlrp6 deficiency
enhanced activation of mitogen-activated protein kinase (MAPK)
and the canonical NF-kB pathway after Toll-like receptor ligation,
but not cytosolic NOD1/2 ligation, in vitro. Consequently, infected
Nlrp6-deficient cells produced increased levels of NF-kB- and
MAPK-dependent cytokines and chemokines. Thus, our results
reveal NLRP6 as a negative regulator of inflammatory signalling,
and demonstrate a role for this NLR in impeding clearance of both
Gram-positive and -negative bacterial pathogens.
Despite the availability of antibiotics, bacterial infections continue

to threaten public health worldwide. According to estimates from the
US Centers for Disease Control and Prevention, roughly 48million
people in the United States get ill every year owing to foodborne
illnesses, resulting in 3,000 deaths annually5. Listeria and Salmonella
belong to the top three pathogens contributing to foodborne infections
resulting in death5,6. L. monocytogenes and S. typhimurium are
facultative intracellular pathogens that can survive and replicate
within macrophages and dendritic cells. Listeria rapidly escapes the
phagosome to replicate in the cytosol, whereas Salmonella lacks
a phagosomal escape mechanism and inhabits the Salmonella-
containing vacuole7–9. A deeper understanding of the mechanisms
by which these and other bacterial pathogens are sensed by the
immune system may contribute to new approaches for developing
antimicrobials. Cells of the innate immune system detect microorgan-
isms by means of a limited set of evolutionary conserved pattern
recognition receptors (PRRs)10. NLR proteins represent a family of
intracellular PRRs that survey the cytoplasmic compartment for
infectious agents and cellular damage1. NLRs such as NOD1 and
NOD2 contribute to host defence against microbial pathogens by
inducing the production of pro-inflammatory cytokines through
activation of NF-kB and MAPK signalling, whereas NLRs such as
NLRP1, NLRP3 and NLRC4 facilitate the activation of inflammatory
caspases in large multiprotein complexes termed inflammasomes11,12.
Our knowledge of the former NLRs has markedly improved in recent
years, but initial characterization of NLRP6 has only recently been
reported2–4,13. These studies demonstrated that NLRP6 contributes to

protection against colitis, colorectal tumorigenesis and non-alcoholic
steatosis by regulating the integrity of the epithelial barrier and by
altering the composition of the gut microflora2–4,13. However, the
role of NLRP6 in host defence against microbial pathogens, and the
signalling pathways it regulates remain unclear.
To characterize NLRP6 expression in immune cells, Nlrp6 trans-

cript abundance in immune and epithelial cells was analysed by real-
time quantitative PCR (qPCR). As previously reported14, neutrophils
and T cells showed the highest expression levels for Nlrp6, followed
by macrophages, epithelial cells and dendritic cells (Supplementary
Fig. 1), suggesting that NLRP6 may have an important role in these
cell types. The domain architecture of NLRP6 resembles that of
NLRP3, and consists of an amino-terminal Pyrin domain, a centrally
located nucleotide-binding domain and a stretch of carboxy-terminally
located leucine-rich repeats1. Nlrp6-deficient mice have been
described2–4,13, and animals appeared healthy and did not display gross
abnormalities when housed in a specific-pathogen-free facility (data
not shown). To characterize the role of NLRP6 during microbial
infections, wild-type (C57BL/6J) and Nlrp62/2 mice were infected
intraperitoneally (i.p.) with a lethal dose of 106 colony-forming units
(c.f.u.) of L. monocytogenes. Whereas the entire cohort of wild-type
mice succumbed to infection within 5–6 days, 75% of Nlrp62/2 mice
survived the infection and were still alive at day 20 after infection
(Fig. 1a). In agreement, wild-type mice lost on average 20% of their
initial body weight before succumbing to infection, whereas in
Nlrp62/2 mice weight loss was initially limited (,10% by day 3) and
body weight gradually returned to normal levels after day 4 (Fig. 1b).
To examine whether differential mortality in wild-type and Nlrp62/2

mice was associated with differences in bacterial dissemination,
bacterial burdens in systemic organs were determined at days 1 and
3 after infection. Notably, both the liver and spleen of Nlrp62/2 mice
contained significantly less bacteria than those ofwild-typemice at day
1 (Fig. 1c, d); this difference increased further by day 3 after infection
(Fig. 1e, f). Immunohistochemical analysis of liver sections confirmed
L. monocytogenes to be nearly absent from the liver capsules of
Nlrp62/2mice, whereas those of wild-typemice weremorphologically
distorted owing to high pathogen counts (Fig. 1g). L. monocytogenes
infection is known to trigger histopathological lesions and the forma-
tion of inflammatory cell foci, the size of which correlates with disease
severity15. To examine the extent of immune cell infiltration, haema-
toxylin and eosin (H&E)-stained liver sections of L. monocytogenes-
infected wild-type and Nlrp62/2 mice were compared. In agreement
with our previous results, inflammatory cell foci in Nlrp62/2 livers
were significantly smaller than those found in wild-type mice at day 3
after infection (Fig. 1h and Supplementary Fig. 2). To examine the role
of NLRP6 during alternative infection routes, cohorts of wild-type and
Nlrp62/2micewere infectedwithL.monocytogenes intravenously (i.v.).
As with i.p.-infected animals (Fig. 1e, f), bacterial counts in the liver
and spleen of i.v.-infectedNlrp62/2mice were significantly lower than
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the burdens measured in wild-type mice at day 3 after infection
(Supplementary Fig. 3). Nlrp62/2 mice were recently shown to have
an altered microflora composition that is transferable to co-housed
wild-typemice3. In agreement, 16S ribosomal RNA analysis confirmed
an increased abundance of Bacteroidetes (Prevotellaceae family) in the
gastrointestinal tract ofNlrp62/2mice relative to themicrobiota com-
position of separately housed wild-type mice (Supplementary Fig. 4a).
Co-housing wild-type and Nlrp62/2 mice for 4weeks equalized the
prevalence of Prevotellaceae in these mice (Supplementary Fig. 4a, b).
However, co-housing did not alter the resistant phenotype ofNlrp62/2

mice to L. monocytogenes infection because Nlrp62/2 mice contained
fewer bacteria in the spleen and liver compared with the levels of
co-housed wild-type mice (Supplementary Fig. 4c, d). These results
suggest that NLRP6 regulates L. monocytogenes infection indepen-
dently of its microflora composition.
To determine whether resistance of Nlrp62/2 mice to infection is

specific to L. monocytogenes or extends to other pathogens, cohorts of
wild-type and Nlrp62/2 mice were infected i.p. with S. typhimurium.
Resistance to S. typhimurium infectionwas increased inNlrp62/2mice
as illustrated by the significantly lower bacterial burdens detected in
the liver and spleen at days 1 (Fig. 1i, j) and 3 (Fig. 1k, l) after infection.
Inbred mice may carry distinct alleles of mouse Nramp1 (also known

as Slc11a1, solute carrier family 11 and natural resistance-associated
macrophageproteinone), the geneproducts ofwhichmay differentially
regulate host resistance to Salmonella and other bacterial pathogens16.
Nramp1 transcripts of both Nlrp62/2 and wild-type mice encoded the
NRAMP1(Gly169Asp) polymorphism (data not shown), ruling out a
possible effect on the increased resistance of Nlrp62/2 mice to
Salmonella infection. Because both S. typhimurium and L. monocyto-
genes are facultative intracellular pathogens, we determined whether
NLRP6 modulated resistance against extracellular pathogens such as
E. coli as well. To this end, we analysed c.f.u. in systemic organs of wild-
type andNlrp62/2mice 2 days after infection with this Gram-negative
extracellular pathogen. Notably, bacterial burdens in the liver and
spleen ofNlrp62/2micewere significantly lower than inwild-typemice
(Supplementary Fig. 5). Together, these results suggest thatNLRP6may
promote systemic dissemination and growth of both Gram-negative
and -positive bacteria (S. typhimurium and L. monocytogenes, respec-
tively) aswell as intracellular and extracellular bacteria (S. typhimurium
and E. coli, respectively) in infected hosts.
Myeloid cells have important roles in early host defence responses

against microbial pathogens. They develop in the bone marrow, but
egress into the circulation after infection17. Because Nlrp6 is expressed
in monocytes and neutrophils (Supplementary Fig. 1), we initially
made use of an automated haematology analyser—which determines
blood cell types based on morphology—to characterize the influx of
monocytes and neutrophils in peripheral blood of wild-type and
Nlrp62/2mice. Before infection, monocyte and neutrophil precursors
in the bone marrow were similar (Supplementary Fig. 6), and no
significant differences in the counts of circulating monocytes and
neutrophils were noted in naive wild-type and Nlrp62/2 mice
(Supplementary Fig. 7), suggesting that basal differentiation of
myeloid progenitor cells was not affected in these mice. However,
both the fraction and total cell counts of circulating monocytes
and neutrophils were markedly higher in the peripheral blood of
L. monocytogenes-infected Nlrp62/2 mice (Fig. 2a, b). To confirm
these results, immune cell infiltration in the peritoneal cavity of
L. monocytogenes-infected animals was analysed by flow cytometry.
Basal monocyte and neutrophil populations in the peritoneal cavity of
naive wild-type andNlrp62/2mice did not differ (data not shown). By
contrast, significantly higher infiltration ofmonocytes and neutrophils
was observed in the peritoneal cavity of L. monocytogenes-infected
Nlrp62/2 mice compared with wild-type mice (Fig. 2c, d and Sup-
plementary Fig. 8a, b). Unlike granulocyte populations, the numbers
of circulating lymphocytes and infiltrated T cells in the peritoneal
cavity were similar in L. monocytogenes-infected wild-type and
Nlrp62/2 mice (Supplementary Fig. 8c, d). Concurrently, Nlrp6
deficiency did not alter the induction of T-cell responses because the
frequency and number of ovalbumin (OVA)-specific CD81 T cells
were similar in wild-type and Nlrp62/2 mice that were infected with
OVA-expressing Listeria (Supplementary Fig. 9). Taken together,
these results suggest that NLRP6 inhibits the influx of monocytes
and neutrophils to the circulation and to the peritoneum during
bacterial infections.
To examine further the cell types responsible for NLRP6-mediated

dissemination of bacterial infections, we created wild-type and
Nlrp62/2 bone marrow chimaeras. Bone marrow reconstitution was
confirmed to reach a level of approximately 95% in irradiated mice
(data not shown). As expected, Nlrp62/2 mice that were transplanted
with Nlrp62/2 bone marrow were more resistant to L. monocytogenes
infection than wild-type mice receiving wild-type bone marrow
(Fig. 2e–g). Notably, the wild-type mice transplanted with Nlrp62/2

bone marrow and the Nlrp62/2 mice that received wild-type
bone marrow showed an intermediate level of protection against
L.monocytogenes (Fig. 2e–g). Indeed, weight loss (Fig. 2e) and bacterial
dissemination to the spleen and liver (Fig. 2f, g) of these two chimaera
groups were in between the levels seen for the two control groups
(Fig. 2e–g). These results suggest that both haematopoietic and
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Figure 1 | Nlrp62/2mice are resistant to Listeria and Salmonella infection.
a, Wild-type (WT) andNlrp62/2mice were infected i.p. with L.monocytogenes
and survival was monitored daily for 20 days. b, Proportion of weight loss.
c, d, Bacterial loads in the liver (c) and spleen (d) on day 1. e, f, Bacterial loads in
the liver (e) and spleen (f) on day 3. g, Livers were collected on day 3 and
immunohistochemistry was performed for L. monocytogenes using an anti-
Listeria antibody. Arrows indicate the extent of damage in the liver capsule of
wild-type and Nlrp62/2 mice. h, Livers from L. monocytogenes-infected mice
showing inflammatory lesions indicated by arrows. Original magnifications for
all images,340. i, j, Wild-type and Nlrp62/2 mice were infected i.p. with S.
typhimurium. Bacterial loads were determined in the liver (i) and spleen (j) on
day 1. k, l, Bacterial loads in the liver (k) and spleen (l) on day 3. Each point
represents an individualmouse and themean6 s.e.m. are shown. Results show
cumulative data from two different experiments. *P, 0.05; **P, 0.01;
***P, 0.001; ****P, 0.0001.
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the burdens measured in wild-type mice at day 3 after infection
(Supplementary Fig. 3). Nlrp62/2 mice were recently shown to have
an altered microflora composition that is transferable to co-housed
wild-typemice3. In agreement, 16S ribosomal RNA analysis confirmed
an increased abundance of Bacteroidetes (Prevotellaceae family) in the
gastrointestinal tract ofNlrp62/2mice relative to themicrobiota com-
position of separately housed wild-type mice (Supplementary Fig. 4a).
Co-housing wild-type and Nlrp62/2 mice for 4weeks equalized the
prevalence of Prevotellaceae in these mice (Supplementary Fig. 4a, b).
However, co-housing did not alter the resistant phenotype ofNlrp62/2

mice to L. monocytogenes infection because Nlrp62/2 mice contained
fewer bacteria in the spleen and liver compared with the levels of
co-housed wild-type mice (Supplementary Fig. 4c, d). These results
suggest that NLRP6 regulates L. monocytogenes infection indepen-
dently of its microflora composition.
To determine whether resistance of Nlrp62/2 mice to infection is

specific to L. monocytogenes or extends to other pathogens, cohorts of
wild-type and Nlrp62/2 mice were infected i.p. with S. typhimurium.
Resistance to S. typhimurium infectionwas increased inNlrp62/2mice
as illustrated by the significantly lower bacterial burdens detected in
the liver and spleen at days 1 (Fig. 1i, j) and 3 (Fig. 1k, l) after infection.
Inbred mice may carry distinct alleles of mouse Nramp1 (also known

as Slc11a1, solute carrier family 11 and natural resistance-associated
macrophageproteinone), the geneproducts ofwhichmay differentially
regulate host resistance to Salmonella and other bacterial pathogens16.
Nramp1 transcripts of both Nlrp62/2 and wild-type mice encoded the
NRAMP1(Gly169Asp) polymorphism (data not shown), ruling out a
possible effect on the increased resistance of Nlrp62/2 mice to
Salmonella infection. Because both S. typhimurium and L. monocyto-
genes are facultative intracellular pathogens, we determined whether
NLRP6 modulated resistance against extracellular pathogens such as
E. coli as well. To this end, we analysed c.f.u. in systemic organs of wild-
type andNlrp62/2mice 2 days after infection with this Gram-negative
extracellular pathogen. Notably, bacterial burdens in the liver and
spleen ofNlrp62/2micewere significantly lower than inwild-typemice
(Supplementary Fig. 5). Together, these results suggest thatNLRP6may
promote systemic dissemination and growth of both Gram-negative
and -positive bacteria (S. typhimurium and L. monocytogenes, respec-
tively) aswell as intracellular and extracellular bacteria (S. typhimurium
and E. coli, respectively) in infected hosts.
Myeloid cells have important roles in early host defence responses

against microbial pathogens. They develop in the bone marrow, but
egress into the circulation after infection17. Because Nlrp6 is expressed
in monocytes and neutrophils (Supplementary Fig. 1), we initially
made use of an automated haematology analyser—which determines
blood cell types based on morphology—to characterize the influx of
monocytes and neutrophils in peripheral blood of wild-type and
Nlrp62/2mice. Before infection, monocyte and neutrophil precursors
in the bone marrow were similar (Supplementary Fig. 6), and no
significant differences in the counts of circulating monocytes and
neutrophils were noted in naive wild-type and Nlrp62/2 mice
(Supplementary Fig. 7), suggesting that basal differentiation of
myeloid progenitor cells was not affected in these mice. However,
both the fraction and total cell counts of circulating monocytes
and neutrophils were markedly higher in the peripheral blood of
L. monocytogenes-infected Nlrp62/2 mice (Fig. 2a, b). To confirm
these results, immune cell infiltration in the peritoneal cavity of
L. monocytogenes-infected animals was analysed by flow cytometry.
Basal monocyte and neutrophil populations in the peritoneal cavity of
naive wild-type andNlrp62/2mice did not differ (data not shown). By
contrast, significantly higher infiltration ofmonocytes and neutrophils
was observed in the peritoneal cavity of L. monocytogenes-infected
Nlrp62/2 mice compared with wild-type mice (Fig. 2c, d and Sup-
plementary Fig. 8a, b). Unlike granulocyte populations, the numbers
of circulating lymphocytes and infiltrated T cells in the peritoneal
cavity were similar in L. monocytogenes-infected wild-type and
Nlrp62/2 mice (Supplementary Fig. 8c, d). Concurrently, Nlrp6
deficiency did not alter the induction of T-cell responses because the
frequency and number of ovalbumin (OVA)-specific CD81 T cells
were similar in wild-type and Nlrp62/2 mice that were infected with
OVA-expressing Listeria (Supplementary Fig. 9). Taken together,
these results suggest that NLRP6 inhibits the influx of monocytes
and neutrophils to the circulation and to the peritoneum during
bacterial infections.
To examine further the cell types responsible for NLRP6-mediated

dissemination of bacterial infections, we created wild-type and
Nlrp62/2 bone marrow chimaeras. Bone marrow reconstitution was
confirmed to reach a level of approximately 95% in irradiated mice
(data not shown). As expected, Nlrp62/2 mice that were transplanted
with Nlrp62/2 bone marrow were more resistant to L. monocytogenes
infection than wild-type mice receiving wild-type bone marrow
(Fig. 2e–g). Notably, the wild-type mice transplanted with Nlrp62/2

bone marrow and the Nlrp62/2 mice that received wild-type
bone marrow showed an intermediate level of protection against
L.monocytogenes (Fig. 2e–g). Indeed, weight loss (Fig. 2e) and bacterial
dissemination to the spleen and liver (Fig. 2f, g) of these two chimaera
groups were in between the levels seen for the two control groups
(Fig. 2e–g). These results suggest that both haematopoietic and
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Figure 1 | Nlrp62/2mice are resistant to Listeria and Salmonella infection.
a, Wild-type (WT) andNlrp62/2mice were infected i.p. with L.monocytogenes
and survival was monitored daily for 20 days. b, Proportion of weight loss.
c, d, Bacterial loads in the liver (c) and spleen (d) on day 1. e, f, Bacterial loads in
the liver (e) and spleen (f) on day 3. g, Livers were collected on day 3 and
immunohistochemistry was performed for L. monocytogenes using an anti-
Listeria antibody. Arrows indicate the extent of damage in the liver capsule of
wild-type and Nlrp62/2 mice. h, Livers from L. monocytogenes-infected mice
showing inflammatory lesions indicated by arrows. Original magnifications for
all images,340. i, j, Wild-type and Nlrp62/2 mice were infected i.p. with S.
typhimurium. Bacterial loads were determined in the liver (i) and spleen (j) on
day 1. k, l, Bacterial loads in the liver (k) and spleen (l) on day 3. Each point
represents an individualmouse and themean6 s.e.m. are shown. Results show
cumulative data from two different experiments. *P, 0.05; **P, 0.01;
***P, 0.001; ****P, 0.0001.
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the burdens measured in wild-type mice at day 3 after infection
(Supplementary Fig. 3). Nlrp62/2 mice were recently shown to have
an altered microflora composition that is transferable to co-housed
wild-typemice3. In agreement, 16S ribosomal RNA analysis confirmed
an increased abundance of Bacteroidetes (Prevotellaceae family) in the
gastrointestinal tract ofNlrp62/2mice relative to themicrobiota com-
position of separately housed wild-type mice (Supplementary Fig. 4a).
Co-housing wild-type and Nlrp62/2 mice for 4weeks equalized the
prevalence of Prevotellaceae in these mice (Supplementary Fig. 4a, b).
However, co-housing did not alter the resistant phenotype ofNlrp62/2

mice to L. monocytogenes infection because Nlrp62/2 mice contained
fewer bacteria in the spleen and liver compared with the levels of
co-housed wild-type mice (Supplementary Fig. 4c, d). These results
suggest that NLRP6 regulates L. monocytogenes infection indepen-
dently of its microflora composition.
To determine whether resistance of Nlrp62/2 mice to infection is

specific to L. monocytogenes or extends to other pathogens, cohorts of
wild-type and Nlrp62/2 mice were infected i.p. with S. typhimurium.
Resistance to S. typhimurium infectionwas increased inNlrp62/2mice
as illustrated by the significantly lower bacterial burdens detected in
the liver and spleen at days 1 (Fig. 1i, j) and 3 (Fig. 1k, l) after infection.
Inbred mice may carry distinct alleles of mouse Nramp1 (also known

as Slc11a1, solute carrier family 11 and natural resistance-associated
macrophageproteinone), the geneproducts ofwhichmay differentially
regulate host resistance to Salmonella and other bacterial pathogens16.
Nramp1 transcripts of both Nlrp62/2 and wild-type mice encoded the
NRAMP1(Gly169Asp) polymorphism (data not shown), ruling out a
possible effect on the increased resistance of Nlrp62/2 mice to
Salmonella infection. Because both S. typhimurium and L. monocyto-
genes are facultative intracellular pathogens, we determined whether
NLRP6 modulated resistance against extracellular pathogens such as
E. coli as well. To this end, we analysed c.f.u. in systemic organs of wild-
type andNlrp62/2mice 2 days after infection with this Gram-negative
extracellular pathogen. Notably, bacterial burdens in the liver and
spleen ofNlrp62/2micewere significantly lower than inwild-typemice
(Supplementary Fig. 5). Together, these results suggest thatNLRP6may
promote systemic dissemination and growth of both Gram-negative
and -positive bacteria (S. typhimurium and L. monocytogenes, respec-
tively) aswell as intracellular and extracellular bacteria (S. typhimurium
and E. coli, respectively) in infected hosts.
Myeloid cells have important roles in early host defence responses

against microbial pathogens. They develop in the bone marrow, but
egress into the circulation after infection17. Because Nlrp6 is expressed
in monocytes and neutrophils (Supplementary Fig. 1), we initially
made use of an automated haematology analyser—which determines
blood cell types based on morphology—to characterize the influx of
monocytes and neutrophils in peripheral blood of wild-type and
Nlrp62/2mice. Before infection, monocyte and neutrophil precursors
in the bone marrow were similar (Supplementary Fig. 6), and no
significant differences in the counts of circulating monocytes and
neutrophils were noted in naive wild-type and Nlrp62/2 mice
(Supplementary Fig. 7), suggesting that basal differentiation of
myeloid progenitor cells was not affected in these mice. However,
both the fraction and total cell counts of circulating monocytes
and neutrophils were markedly higher in the peripheral blood of
L. monocytogenes-infected Nlrp62/2 mice (Fig. 2a, b). To confirm
these results, immune cell infiltration in the peritoneal cavity of
L. monocytogenes-infected animals was analysed by flow cytometry.
Basal monocyte and neutrophil populations in the peritoneal cavity of
naive wild-type andNlrp62/2mice did not differ (data not shown). By
contrast, significantly higher infiltration ofmonocytes and neutrophils
was observed in the peritoneal cavity of L. monocytogenes-infected
Nlrp62/2 mice compared with wild-type mice (Fig. 2c, d and Sup-
plementary Fig. 8a, b). Unlike granulocyte populations, the numbers
of circulating lymphocytes and infiltrated T cells in the peritoneal
cavity were similar in L. monocytogenes-infected wild-type and
Nlrp62/2 mice (Supplementary Fig. 8c, d). Concurrently, Nlrp6
deficiency did not alter the induction of T-cell responses because the
frequency and number of ovalbumin (OVA)-specific CD81 T cells
were similar in wild-type and Nlrp62/2 mice that were infected with
OVA-expressing Listeria (Supplementary Fig. 9). Taken together,
these results suggest that NLRP6 inhibits the influx of monocytes
and neutrophils to the circulation and to the peritoneum during
bacterial infections.
To examine further the cell types responsible for NLRP6-mediated

dissemination of bacterial infections, we created wild-type and
Nlrp62/2 bone marrow chimaeras. Bone marrow reconstitution was
confirmed to reach a level of approximately 95% in irradiated mice
(data not shown). As expected, Nlrp62/2 mice that were transplanted
with Nlrp62/2 bone marrow were more resistant to L. monocytogenes
infection than wild-type mice receiving wild-type bone marrow
(Fig. 2e–g). Notably, the wild-type mice transplanted with Nlrp62/2

bone marrow and the Nlrp62/2 mice that received wild-type
bone marrow showed an intermediate level of protection against
L.monocytogenes (Fig. 2e–g). Indeed, weight loss (Fig. 2e) and bacterial
dissemination to the spleen and liver (Fig. 2f, g) of these two chimaera
groups were in between the levels seen for the two control groups
(Fig. 2e–g). These results suggest that both haematopoietic and
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Figure 1 | Nlrp62/2mice are resistant to Listeria and Salmonella infection.
a, Wild-type (WT) andNlrp62/2mice were infected i.p. with L.monocytogenes
and survival was monitored daily for 20 days. b, Proportion of weight loss.
c, d, Bacterial loads in the liver (c) and spleen (d) on day 1. e, f, Bacterial loads in
the liver (e) and spleen (f) on day 3. g, Livers were collected on day 3 and
immunohistochemistry was performed for L. monocytogenes using an anti-
Listeria antibody. Arrows indicate the extent of damage in the liver capsule of
wild-type and Nlrp62/2 mice. h, Livers from L. monocytogenes-infected mice
showing inflammatory lesions indicated by arrows. Original magnifications for
all images,340. i, j, Wild-type and Nlrp62/2 mice were infected i.p. with S.
typhimurium. Bacterial loads were determined in the liver (i) and spleen (j) on
day 1. k, l, Bacterial loads in the liver (k) and spleen (l) on day 3. Each point
represents an individualmouse and themean6 s.e.m. are shown. Results show
cumulative data from two different experiments. *P, 0.05; **P, 0.01;
***P, 0.001; ****P, 0.0001.
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Fig.1	  

Nlrp6-‐/-‐	  mice	  are	  resistant	  also	  to	  Salmonella	  infec;on.	  

the burdens measured in wild-type mice at day 3 after infection
(Supplementary Fig. 3). Nlrp62/2 mice were recently shown to have
an altered microflora composition that is transferable to co-housed
wild-typemice3. In agreement, 16S ribosomal RNA analysis confirmed
an increased abundance of Bacteroidetes (Prevotellaceae family) in the
gastrointestinal tract ofNlrp62/2mice relative to themicrobiota com-
position of separately housed wild-type mice (Supplementary Fig. 4a).
Co-housing wild-type and Nlrp62/2 mice for 4weeks equalized the
prevalence of Prevotellaceae in these mice (Supplementary Fig. 4a, b).
However, co-housing did not alter the resistant phenotype ofNlrp62/2

mice to L. monocytogenes infection because Nlrp62/2 mice contained
fewer bacteria in the spleen and liver compared with the levels of
co-housed wild-type mice (Supplementary Fig. 4c, d). These results
suggest that NLRP6 regulates L. monocytogenes infection indepen-
dently of its microflora composition.
To determine whether resistance of Nlrp62/2 mice to infection is

specific to L. monocytogenes or extends to other pathogens, cohorts of
wild-type and Nlrp62/2 mice were infected i.p. with S. typhimurium.
Resistance to S. typhimurium infectionwas increased inNlrp62/2mice
as illustrated by the significantly lower bacterial burdens detected in
the liver and spleen at days 1 (Fig. 1i, j) and 3 (Fig. 1k, l) after infection.
Inbred mice may carry distinct alleles of mouse Nramp1 (also known

as Slc11a1, solute carrier family 11 and natural resistance-associated
macrophageproteinone), the geneproducts ofwhichmay differentially
regulate host resistance to Salmonella and other bacterial pathogens16.
Nramp1 transcripts of both Nlrp62/2 and wild-type mice encoded the
NRAMP1(Gly169Asp) polymorphism (data not shown), ruling out a
possible effect on the increased resistance of Nlrp62/2 mice to
Salmonella infection. Because both S. typhimurium and L. monocyto-
genes are facultative intracellular pathogens, we determined whether
NLRP6 modulated resistance against extracellular pathogens such as
E. coli as well. To this end, we analysed c.f.u. in systemic organs of wild-
type andNlrp62/2mice 2 days after infection with this Gram-negative
extracellular pathogen. Notably, bacterial burdens in the liver and
spleen ofNlrp62/2micewere significantly lower than inwild-typemice
(Supplementary Fig. 5). Together, these results suggest thatNLRP6may
promote systemic dissemination and growth of both Gram-negative
and -positive bacteria (S. typhimurium and L. monocytogenes, respec-
tively) aswell as intracellular and extracellular bacteria (S. typhimurium
and E. coli, respectively) in infected hosts.
Myeloid cells have important roles in early host defence responses

against microbial pathogens. They develop in the bone marrow, but
egress into the circulation after infection17. Because Nlrp6 is expressed
in monocytes and neutrophils (Supplementary Fig. 1), we initially
made use of an automated haematology analyser—which determines
blood cell types based on morphology—to characterize the influx of
monocytes and neutrophils in peripheral blood of wild-type and
Nlrp62/2mice. Before infection, monocyte and neutrophil precursors
in the bone marrow were similar (Supplementary Fig. 6), and no
significant differences in the counts of circulating monocytes and
neutrophils were noted in naive wild-type and Nlrp62/2 mice
(Supplementary Fig. 7), suggesting that basal differentiation of
myeloid progenitor cells was not affected in these mice. However,
both the fraction and total cell counts of circulating monocytes
and neutrophils were markedly higher in the peripheral blood of
L. monocytogenes-infected Nlrp62/2 mice (Fig. 2a, b). To confirm
these results, immune cell infiltration in the peritoneal cavity of
L. monocytogenes-infected animals was analysed by flow cytometry.
Basal monocyte and neutrophil populations in the peritoneal cavity of
naive wild-type andNlrp62/2mice did not differ (data not shown). By
contrast, significantly higher infiltration ofmonocytes and neutrophils
was observed in the peritoneal cavity of L. monocytogenes-infected
Nlrp62/2 mice compared with wild-type mice (Fig. 2c, d and Sup-
plementary Fig. 8a, b). Unlike granulocyte populations, the numbers
of circulating lymphocytes and infiltrated T cells in the peritoneal
cavity were similar in L. monocytogenes-infected wild-type and
Nlrp62/2 mice (Supplementary Fig. 8c, d). Concurrently, Nlrp6
deficiency did not alter the induction of T-cell responses because the
frequency and number of ovalbumin (OVA)-specific CD81 T cells
were similar in wild-type and Nlrp62/2 mice that were infected with
OVA-expressing Listeria (Supplementary Fig. 9). Taken together,
these results suggest that NLRP6 inhibits the influx of monocytes
and neutrophils to the circulation and to the peritoneum during
bacterial infections.
To examine further the cell types responsible for NLRP6-mediated

dissemination of bacterial infections, we created wild-type and
Nlrp62/2 bone marrow chimaeras. Bone marrow reconstitution was
confirmed to reach a level of approximately 95% in irradiated mice
(data not shown). As expected, Nlrp62/2 mice that were transplanted
with Nlrp62/2 bone marrow were more resistant to L. monocytogenes
infection than wild-type mice receiving wild-type bone marrow
(Fig. 2e–g). Notably, the wild-type mice transplanted with Nlrp62/2

bone marrow and the Nlrp62/2 mice that received wild-type
bone marrow showed an intermediate level of protection against
L.monocytogenes (Fig. 2e–g). Indeed, weight loss (Fig. 2e) and bacterial
dissemination to the spleen and liver (Fig. 2f, g) of these two chimaera
groups were in between the levels seen for the two control groups
(Fig. 2e–g). These results suggest that both haematopoietic and
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Figure 1 | Nlrp62/2mice are resistant to Listeria and Salmonella infection.
a, Wild-type (WT) andNlrp62/2mice were infected i.p. with L.monocytogenes
and survival was monitored daily for 20 days. b, Proportion of weight loss.
c, d, Bacterial loads in the liver (c) and spleen (d) on day 1. e, f, Bacterial loads in
the liver (e) and spleen (f) on day 3. g, Livers were collected on day 3 and
immunohistochemistry was performed for L. monocytogenes using an anti-
Listeria antibody. Arrows indicate the extent of damage in the liver capsule of
wild-type and Nlrp62/2 mice. h, Livers from L. monocytogenes-infected mice
showing inflammatory lesions indicated by arrows. Original magnifications for
all images,340. i, j, Wild-type and Nlrp62/2 mice were infected i.p. with S.
typhimurium. Bacterial loads were determined in the liver (i) and spleen (j) on
day 1. k, l, Bacterial loads in the liver (k) and spleen (l) on day 3. Each point
represents an individualmouse and themean6 s.e.m. are shown. Results show
cumulative data from two different experiments. *P, 0.05; **P, 0.01;
***P, 0.001; ****P, 0.0001.
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non-haematopoietic cells contribute to NLRP6-mediated inhibition of
bacterial clearance.
To gain understanding of the signalling mechanisms by which

NLRP6 regulates bacterial infections, we first examined bacterial
clearance by in vitro cultured Nlrp62/2 macrophages. Phagocytosis
and bacterial replication of L. monocytogenes in Nlrp62/2 bone
marrow-derived macrophages (BMDMs) were comparable to those
ofwild-typemacrophages (Supplementary Fig. 10). Unlike results from
overexpression studies14, but in agreement with a recent report that
used NLRP6 short interfering RNA (siRNA) knockdown in human
PBMCs18, we foundNLRP6 to bedispensable for inflammasomeactiva-
tionbyL.monocytogenes and S. typhimuriumbecause neither caspase-1
processing nor maturation of IL-1b was affected in Nlrp6-deficient
macrophages infected with these pathogens or stimulated with the
bacterial ligands lipopolysaccharide (LPS) and the synthetic lipoprotein
Pam3CSK4 in the presence of ATP (Supplementary Fig. 11).
We next assessed the potential role of NLRP6 in regulating activa-

tion of NF-kB and MAPK signalling in macrophages infected with
L. monocytogenes. In wild-type BMDMs, the phosphorylation of
extracellular signal-regulated kinases 1 and 2 (ERK1/2) and IkB
peaked 60min after infection and gradually diminished thereafter
(Fig. 3a, b). InfectedNlrp62/2macrophages had significantly increased
phospho-ERK1/2 levels, and failed to downregulate phospho-IkB
(Fig. 3a, b). In addition to macrophages, Nlrp62/2 neutrophils also
responded to L. monocytogenes infection with increased phospho-IkB
and phospho-ERK1/2 levels (Supplementary Fig. 12a), suggesting that
NLRP6 may negatively regulate NF-kB and ERK activation down-
stream of TLRs. In agreement, the TLR2 ligand Pam3CSK4 also
induced increased phospho-ERK1/2 and phospho-IkB levels in
Nlrp62/2 BMDMs (Fig. 3c, d). Similar observations were made using

the TLR4 ligand LPS (Fig. 3e, f). Increased phospho-IkB and phospho-
ERK1/2 levels were alsonoted in liver lysates of infectedNlrp62/2mice
(Fig. 3g, h). Unlike with TLR agonists, phospho-IkB and phospho-
ERK1/2 levels induced after ligation of the cytosolic receptors NOD1
and NOD2 were similar in wild-type and Nlrp62/2 cells
(Supplementary Fig. 12b, c), suggesting that NLRP6 is specifically
involved in negatively regulating TLR-induced NF-kB and MAPK
activation. Thus, in marked contrast to overexpression studies14, our
results inNlrp62/2 cells suggest that NLRP6may diminish rather than
enhance TLR-induced activation of NF-kB and ERK signalling. To
confirm the role of NLRP6 in regulating these pathways further,
we measured the production of NF-kB- and MAPK-dependent
cytokine and chemokine levels at different time points. Abundance
of tumour necrosis factor (TNF)-a, interleukin (IL)-6 and keratinocyte
chemoattractant (KC) transcripts in cell lysates and secreted cytokines
in culture supernatants were significantly higher in Nlrp62/2

macrophages infected with L. monocytogenes, or stimulated with
Pam3CSK4 and LPS (Supplementary Fig. 13a–d). Interferon-b tran-
script levels nearly doubled in LPS-stimulatedNlrp62/2macrophages
after 2 h stimulation, but subsequently returned to levels of wild-type
cells (Supplementary Fig. 14). Cytotoxicity was limited to baseline
levels in both wild-type and Nlrp62/2 macrophages, ruling out an
important role for cell death induction in differential secretion of
cytokines and chemokines (Supplementary Fig. 15). Increased levels
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ERK (pERK) and pIkB levels relative to ERK and IkB levels, respectively.
g, Liver lysates fromwild-type andNlrp62/2micewere examined for activation
of NF-kB and MAPK signalling by western blot analysis. Each lane represents
an individual mouse; C denotes an uninfected mouse. h, Bar graphs showing
semi-quantification of pERK and pIkB levels relative to ERK and IkB levels,
respectively.
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Figure 2 | Enhanced monocyte and neutrophil recruitment in infected
Nlrp62/2 mice. a, b, Wild-type and Nlrp62/2 mice were infected i.p. with L.
monocytogenes. Bloodwas analysed for different cell populations based on their
morphology. c, d, At 6 h after infection, peritoneal lavage was performed on
mice infected as above, and the cells collected were analysed as CD11b1 Gr12

(also known as Itgam1 Ly6g2; monocytes) and CD11b1 Gr11 (neutrophils)
cells. e, Bone marrow chimaera mice were generated for Nlrp6 as described in
Methods. The percentage of weight loss in four groups of chimaeric mice is
shown. f, g, Different groups of chimaeric mice were infected with L.
monocytogenes and bacterial loads were determined in the liver (f) and spleen
(g) on day 3. Data show mean6 s.e.m. of a representative experiment.
*P, 0.05; **P, 0.01; ***P, 0.001.
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Fig.2	  

Enhanced	  monocyte	  and	  neutrophil	  recruitment	  in	  infected	  NLRP6-‐/-‐	  mice	  

Listeria	  infec<on	  
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mediated	  inhibi<on	  
of	  bacterial	  
clearance	  
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Supplementary Figure 11. NLRP6 is dispensable for inflammasome activation. 
a) WT and Nlrp6-/- macrophages were infected with Listeria monocytogenes or 

Salmonella typhimurium or stimulated with LPS and ATP or Pam3 and ATP for 4h and 
the membranes were immunoblotted with anti-caspase-1 antibody or anti-IL-1  

antibody. b) Real-time PCR analysis of IL-1  transcript in WT and Nlrp6-/- 
macrophages exposed to LPS. The experiment was done three-five times with similar 
results. 

Fig.S11	  

NLRP6	  is	  dispensable	  for	  inflammasome	  ac;va;on	  

Macrophages	  	  
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non-haematopoietic cells contribute to NLRP6-mediated inhibition of
bacterial clearance.
To gain understanding of the signalling mechanisms by which

NLRP6 regulates bacterial infections, we first examined bacterial
clearance by in vitro cultured Nlrp62/2 macrophages. Phagocytosis
and bacterial replication of L. monocytogenes in Nlrp62/2 bone
marrow-derived macrophages (BMDMs) were comparable to those
ofwild-typemacrophages (Supplementary Fig. 10). Unlike results from
overexpression studies14, but in agreement with a recent report that
used NLRP6 short interfering RNA (siRNA) knockdown in human
PBMCs18, we foundNLRP6 to bedispensable for inflammasomeactiva-
tionbyL.monocytogenes and S. typhimuriumbecause neither caspase-1
processing nor maturation of IL-1b was affected in Nlrp6-deficient
macrophages infected with these pathogens or stimulated with the
bacterial ligands lipopolysaccharide (LPS) and the synthetic lipoprotein
Pam3CSK4 in the presence of ATP (Supplementary Fig. 11).
We next assessed the potential role of NLRP6 in regulating activa-

tion of NF-kB and MAPK signalling in macrophages infected with
L. monocytogenes. In wild-type BMDMs, the phosphorylation of
extracellular signal-regulated kinases 1 and 2 (ERK1/2) and IkB
peaked 60min after infection and gradually diminished thereafter
(Fig. 3a, b). InfectedNlrp62/2macrophages had significantly increased
phospho-ERK1/2 levels, and failed to downregulate phospho-IkB
(Fig. 3a, b). In addition to macrophages, Nlrp62/2 neutrophils also
responded to L. monocytogenes infection with increased phospho-IkB
and phospho-ERK1/2 levels (Supplementary Fig. 12a), suggesting that
NLRP6 may negatively regulate NF-kB and ERK activation down-
stream of TLRs. In agreement, the TLR2 ligand Pam3CSK4 also
induced increased phospho-ERK1/2 and phospho-IkB levels in
Nlrp62/2 BMDMs (Fig. 3c, d). Similar observations were made using

the TLR4 ligand LPS (Fig. 3e, f). Increased phospho-IkB and phospho-
ERK1/2 levels were alsonoted in liver lysates of infectedNlrp62/2mice
(Fig. 3g, h). Unlike with TLR agonists, phospho-IkB and phospho-
ERK1/2 levels induced after ligation of the cytosolic receptors NOD1
and NOD2 were similar in wild-type and Nlrp62/2 cells
(Supplementary Fig. 12b, c), suggesting that NLRP6 is specifically
involved in negatively regulating TLR-induced NF-kB and MAPK
activation. Thus, in marked contrast to overexpression studies14, our
results inNlrp62/2 cells suggest that NLRP6may diminish rather than
enhance TLR-induced activation of NF-kB and ERK signalling. To
confirm the role of NLRP6 in regulating these pathways further,
we measured the production of NF-kB- and MAPK-dependent
cytokine and chemokine levels at different time points. Abundance
of tumour necrosis factor (TNF)-a, interleukin (IL)-6 and keratinocyte
chemoattractant (KC) transcripts in cell lysates and secreted cytokines
in culture supernatants were significantly higher in Nlrp62/2

macrophages infected with L. monocytogenes, or stimulated with
Pam3CSK4 and LPS (Supplementary Fig. 13a–d). Interferon-b tran-
script levels nearly doubled in LPS-stimulatedNlrp62/2macrophages
after 2 h stimulation, but subsequently returned to levels of wild-type
cells (Supplementary Fig. 14). Cytotoxicity was limited to baseline
levels in both wild-type and Nlrp62/2 macrophages, ruling out an
important role for cell death induction in differential secretion of
cytokines and chemokines (Supplementary Fig. 15). Increased levels

c 

e 

a 

d 

f 

pERK 

ERK 

pI!B"

I!B"

Tubulin 

pERK 

ERK 

pI!B"

I!B"

Tubulin 

pERK 

ERK 

pI!B"

I!B"

Tubulin 

LPS 

pERK 

ERK 

pI!B"

I!B"

Tubulin 

L. monocytogenes 

0 0 0.5 1 2 4

0 0.5 1 2 4 0 0.5 1 2 4 C 1 2 3 C 1 2 3h

0 0.5 1 2 4 h015 1530 3060 60120 120240 240 min

WT Nlrp6–/–

WT Nlrp6–/– WT Nlrp6–/–

WT Nlrp6–/–

WT Nlrp6–/– WT Nlrp6–/–

WT Nlrp6–/–

WT Nlrp6–/–

L. monocytogenes Pam3CSK4 

b 

g 

h 

1.5

1.0

1.0
0.8
0.6
0.4
0.2

0.0

0.8

0.6

0.4

0.2

0.0

0.8

0.6

0.4

0.2

0.0

0.8
1.0

0.6
0.4
0.2
0.0

0 0.5 1 2 4 0 0.5 1 2 4

1.0
0.8
0.6
0.4
0.2

0.0

0.5

0.0

1.5

1.0

0.5

0.0

Time (h)

0 0.5 1 2 4 0 C 1 2 3 C 1 2 3 C 1 2 3 C 1 2 30.5 1 2 4

Time (h)

0 0.5 1 2 4 0 0.5 1 2 4

Time (h)

1.5

1.0

0.5

0.0

pERK/ERK pI!B/I!B 

pERK/ERK pI!B/I!B pERK/ERK pI!B/I!B 

pERK/ERK pI!B/I!B 

Figure 3 | NLRP6 negatively regulates NF-kB and ERK signalling.
a, c, e,Wild-type andNlrp62/2macrophageswere exposed toL.monocytogenes
or to Pam3CSK4 or LPS, and samples were immunoblotted with the indicated
antibodies. b, d, f, Bar graphs showing semi-quantification of phosphorylated
ERK (pERK) and pIkB levels relative to ERK and IkB levels, respectively.
g, Liver lysates fromwild-type andNlrp62/2micewere examined for activation
of NF-kB and MAPK signalling by western blot analysis. Each lane represents
an individual mouse; C denotes an uninfected mouse. h, Bar graphs showing
semi-quantification of pERK and pIkB levels relative to ERK and IkB levels,
respectively.
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Figure 2 | Enhanced monocyte and neutrophil recruitment in infected
Nlrp62/2 mice. a, b, Wild-type and Nlrp62/2 mice were infected i.p. with L.
monocytogenes. Bloodwas analysed for different cell populations based on their
morphology. c, d, At 6 h after infection, peritoneal lavage was performed on
mice infected as above, and the cells collected were analysed as CD11b1 Gr12

(also known as Itgam1 Ly6g2; monocytes) and CD11b1 Gr11 (neutrophils)
cells. e, Bone marrow chimaera mice were generated for Nlrp6 as described in
Methods. The percentage of weight loss in four groups of chimaeric mice is
shown. f, g, Different groups of chimaeric mice were infected with L.
monocytogenes and bacterial loads were determined in the liver (f) and spleen
(g) on day 3. Data show mean6 s.e.m. of a representative experiment.
*P, 0.05; **P, 0.01; ***P, 0.001.
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Fig.3	  

NLRP6	  nega;vely	  regulates	  NF-‐kB	  and	  ERK	  signalling	  
downstream	  of	  TLRs.	  

BMDMs	  

non-haematopoietic cells contribute to NLRP6-mediated inhibition of
bacterial clearance.
To gain understanding of the signalling mechanisms by which

NLRP6 regulates bacterial infections, we first examined bacterial
clearance by in vitro cultured Nlrp62/2 macrophages. Phagocytosis
and bacterial replication of L. monocytogenes in Nlrp62/2 bone
marrow-derived macrophages (BMDMs) were comparable to those
ofwild-typemacrophages (Supplementary Fig. 10). Unlike results from
overexpression studies14, but in agreement with a recent report that
used NLRP6 short interfering RNA (siRNA) knockdown in human
PBMCs18, we foundNLRP6 to bedispensable for inflammasomeactiva-
tionbyL.monocytogenes and S. typhimuriumbecause neither caspase-1
processing nor maturation of IL-1b was affected in Nlrp6-deficient
macrophages infected with these pathogens or stimulated with the
bacterial ligands lipopolysaccharide (LPS) and the synthetic lipoprotein
Pam3CSK4 in the presence of ATP (Supplementary Fig. 11).
We next assessed the potential role of NLRP6 in regulating activa-

tion of NF-kB and MAPK signalling in macrophages infected with
L. monocytogenes. In wild-type BMDMs, the phosphorylation of
extracellular signal-regulated kinases 1 and 2 (ERK1/2) and IkB
peaked 60min after infection and gradually diminished thereafter
(Fig. 3a, b). InfectedNlrp62/2macrophages had significantly increased
phospho-ERK1/2 levels, and failed to downregulate phospho-IkB
(Fig. 3a, b). In addition to macrophages, Nlrp62/2 neutrophils also
responded to L. monocytogenes infection with increased phospho-IkB
and phospho-ERK1/2 levels (Supplementary Fig. 12a), suggesting that
NLRP6 may negatively regulate NF-kB and ERK activation down-
stream of TLRs. In agreement, the TLR2 ligand Pam3CSK4 also
induced increased phospho-ERK1/2 and phospho-IkB levels in
Nlrp62/2 BMDMs (Fig. 3c, d). Similar observations were made using

the TLR4 ligand LPS (Fig. 3e, f). Increased phospho-IkB and phospho-
ERK1/2 levels were alsonoted in liver lysates of infectedNlrp62/2mice
(Fig. 3g, h). Unlike with TLR agonists, phospho-IkB and phospho-
ERK1/2 levels induced after ligation of the cytosolic receptors NOD1
and NOD2 were similar in wild-type and Nlrp62/2 cells
(Supplementary Fig. 12b, c), suggesting that NLRP6 is specifically
involved in negatively regulating TLR-induced NF-kB and MAPK
activation. Thus, in marked contrast to overexpression studies14, our
results inNlrp62/2 cells suggest that NLRP6may diminish rather than
enhance TLR-induced activation of NF-kB and ERK signalling. To
confirm the role of NLRP6 in regulating these pathways further,
we measured the production of NF-kB- and MAPK-dependent
cytokine and chemokine levels at different time points. Abundance
of tumour necrosis factor (TNF)-a, interleukin (IL)-6 and keratinocyte
chemoattractant (KC) transcripts in cell lysates and secreted cytokines
in culture supernatants were significantly higher in Nlrp62/2

macrophages infected with L. monocytogenes, or stimulated with
Pam3CSK4 and LPS (Supplementary Fig. 13a–d). Interferon-b tran-
script levels nearly doubled in LPS-stimulatedNlrp62/2macrophages
after 2 h stimulation, but subsequently returned to levels of wild-type
cells (Supplementary Fig. 14). Cytotoxicity was limited to baseline
levels in both wild-type and Nlrp62/2 macrophages, ruling out an
important role for cell death induction in differential secretion of
cytokines and chemokines (Supplementary Fig. 15). Increased levels
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Figure 3 | NLRP6 negatively regulates NF-kB and ERK signalling.
a, c, e,Wild-type andNlrp62/2macrophageswere exposed toL.monocytogenes
or to Pam3CSK4 or LPS, and samples were immunoblotted with the indicated
antibodies. b, d, f, Bar graphs showing semi-quantification of phosphorylated
ERK (pERK) and pIkB levels relative to ERK and IkB levels, respectively.
g, Liver lysates fromwild-type andNlrp62/2micewere examined for activation
of NF-kB and MAPK signalling by western blot analysis. Each lane represents
an individual mouse; C denotes an uninfected mouse. h, Bar graphs showing
semi-quantification of pERK and pIkB levels relative to ERK and IkB levels,
respectively.
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Figure 2 | Enhanced monocyte and neutrophil recruitment in infected
Nlrp62/2 mice. a, b, Wild-type and Nlrp62/2 mice were infected i.p. with L.
monocytogenes. Bloodwas analysed for different cell populations based on their
morphology. c, d, At 6 h after infection, peritoneal lavage was performed on
mice infected as above, and the cells collected were analysed as CD11b1 Gr12

(also known as Itgam1 Ly6g2; monocytes) and CD11b1 Gr11 (neutrophils)
cells. e, Bone marrow chimaera mice were generated for Nlrp6 as described in
Methods. The percentage of weight loss in four groups of chimaeric mice is
shown. f, g, Different groups of chimaeric mice were infected with L.
monocytogenes and bacterial loads were determined in the liver (f) and spleen
(g) on day 3. Data show mean6 s.e.m. of a representative experiment.
*P, 0.05; **P, 0.01; ***P, 0.001.
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Supplementary Figure 12. NF- B and MAP-kinase activation in WT and Nlrp6-/- 
neutrophils and macrophages. a) WT and Nlrp6-/- neutrophils were infected with 

Listeria monocytogenes and samples prepared at different time-points were 
immunoblotted for pERK, ERK, pI B and I B. b,c) WT and Nlrp6-/- macrophages 

were exposed to MDP or iE-DAP and samples prepared at different time-points were 
immunoblotted for pERK, ERK, pI B and I B. Results show representative blots of 
experiments done at least three times.  

Fig.S12	  

NLRP6	  does	  not	  nega;vely	  regulates	  NF-‐kB	  and	  ERK	  signalling	  
downstream	  of	  NOD1	  and	  NOD2.	  
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NLRP6-‐/-‐	  show	  higher	  levels	  of	  IL-‐6	  and	  KC	  aWer	  Listeria	  infec;on	  

Fig.S13	  
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of IL-6 and KC were also measured in serum and the peritoneal
cavity of infected Nlrp62/2 mice (Supplementary Fig. 13e, f). These
results suggest that NLRP6 specifically suppresses TLR-induced
NF-kB and MAPK activation during L. monocytogenes infection
in vitro and in vivo.
NF-kB belongs to a family of nuclear transcriptional regulators that

initiate pro-inflammatory gene expression19. To determine whether
canonical or non-canonical NF-kB activation is altered in Nlrp6-
deficient cells, we analysed the phosphorylation status of the non-
canonical NF-kB effector p100, whereas p105 phosphorylation
status was monitored as a parameter of canonical NF-kB signalling.
L. monocytogenes infection induced significantly higher levels of
phosphorylated p105 in Nlrp62/2 macrophages, whereas those of
phosphorylated p100 were similar in wild-type and Nlrp6-deficient
macrophages (Fig. 4a). Similar results were obtained when analysing
the isolated cytosolic fraction of L. monocytogenes-infected cells
(Fig. 4a). Furthermore, this correlated with increased translocation

of the NF-kB subunit RelA (also known as p65) in the nuclear
fraction of infected Nlrp6-deficient cells, whereas the levels of the
non-canonical effector RelB were similar in wild-type and Nlrp62/2

macrophages (Fig. 4a). Confocal immunofluorescence microscopy
of L. monocytogenes-infected wild-type and Nlrp62/2 cells confirmed
the increased nuclear translocation of RelA in the latter genotype
(Fig. 4b, c). Increased p105 phosphorylation was also evident in total
and cytosolic lysates of Pam3CSK4-stimulatedNlrp62/2macrophages
(Fig. 4d). In addition, enhanced RelA translocation was confirmed
by western blotting in nuclear lysates and by confocal immunofluor-
escence staining (Fig. 4d–f). qPCR analysis of interleukin-1 receptor-
associated kinase M (IRAK-M) and the NF-kB negative regulator
A20 failed to demonstrate differential expression of these negative
regulators of TLR signalling in LPS- and Pam3CSK4-stimulated
Nlrp6-deficient cells (Supplementary Fig. 16). Although further
analysis is required to determine the precise level at which NLRP6
negatively regulates TLR-induced responses, our results indicate
that NLRP6 suppresses TLR-induced MAPK and canonical NF-kB
signalling to dampen the production of pro-inflammatory cytokines
and chemokines during bacterial infection. NLRP6 activation
consequently leads to increased susceptibility to both intracellular
(L. monocytogenes and S. typhimurium) and extracellular (E. coli) as
well as Gram-positive (L. monocytogenes) and -negative (E. coli and
S. typhimurium) bacterial pathogens. Our bone marrow chimaera
experiments suggested that thehaematopoietic andnon-haematopoietic
compartments contribute to the increased resistance ofNlrp62/2mice
to infection. We further demonstrated here that NLRP6 has a crucial
role in regulating host and immune responses in cells of the myeloid
lineage, and further analysis is required to determine the specific non-
haematopoietic cell type(s) contributing to NLRP6-mediated host
defence signalling in vivo.
The detrimental role of NLRP6 during systemic infection with

bacterial pathogens appears in sharp contrast to its protective role in
gastrointestinal tract, where it contributes to maintaining a healthy
composition of the gutmicrobiota20.We propose that these apparently
contradictory roles of NLRP6may be explained by the spatiotemporal
context in which it operates. As NLRP6 seems to be essential for
dampening the production of pro-inflammatory cytokines and
chemokines downstream of TLRs, it may have a protective role under
conditions in which strong inflammatory responses might be
detrimental to the host (as during colitis). On the other hand,
NLRP6 may play an adverse role during situations such as bacterial
infections in which potent inflammatory responses would be protec-
tive to the host.
Notably, previous studies characterizing the NLR family members

NOD1, NOD2, NLRC4 and NLRP3 all pointed to a protective role for
these NLRs in clearing microbial pathogens, and deficiency in these
NLRs led to increasedmorbidity andmortality in infected animals21–24.
By contrast, our data suggest that NLRP6 dampens inflammatory
signalling, thereby promoting bacterial dissemination and coloniza-
tion of systemic organs of the host. In light of these findings, we
propose that one subclass of NLRs (including NOD1, NOD2 and
NLRC4) may directly respond to microbial pathogens detected in
cytosolic compartment by initiating pro-inflammatory signalling that
eventually contributes to bacterial clearance. A second subclass ofNLR
proteins, such as NLRP6, may act as a molecular switch to dampen or
silence TLR-induced pathways triggered by extracellular recognition
of bacterial ligands to prevent overt pathology. Regardless, our results
highlight a crucial role for NLRP6 in dampening host responses
against several bacterial pathogens and suggest that therapeutic
inhibition of NLRP6 activation may prove beneficial for treating
infectious diseases.

METHODS SUMMARY
Nlrp6 knockoutmice were generated as described previously2–4,13. In vivo infection
experiments were done on female mice that were 8–12 weeks old and were
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Figure 4 | NLRP6 negatively regulates canonical NF-kB activation pathway.
a, BMDMs from wild-type and Nlrp62/2 mice were infected with L.
monocytogenes and the phosphorylation of p105 and p100 was examined in
total cell lysate and the cytosolic fraction. The nuclear fraction was examined
for RelA and RelB activation in wild-type andNlrp62/2 cells. b, Cells grown on
coverslips were infected with green fluorescent protein (GFP)-labelled L.
monocytogenes (Lm) and examined for nuclear translocation of RelA using an
anti-RelA antibody (red). DAPI, 49,6-diamidino-2-phenylindole. Scale bars,
10mm. c, Quantitative analysis of RelA-positive nuclei. d, Wild-type and
Nlrp62/2 macrophages were stimulated with Pam3CSK4, and the
phosphorylation of p105 and p100 was examined in total cell lysate and the
cytosolic fraction. The nuclear fraction was examined for RelA and RelB
activation in wild-type and Nlrp62/2 cells. e, Cells grown on coverslips were
stimulated with Pam3CSK4 and examined for nuclear translocation of RelA
using an anti-RelA antibody (red). Scale bars, 10mm. f, Quantitative analysis of
RelA-positive nuclei. Data show mean6 s.e.m. from three different
experiments. *P, 0.05.
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of IL-6 and KC were also measured in serum and the peritoneal
cavity of infected Nlrp62/2 mice (Supplementary Fig. 13e, f). These
results suggest that NLRP6 specifically suppresses TLR-induced
NF-kB and MAPK activation during L. monocytogenes infection
in vitro and in vivo.
NF-kB belongs to a family of nuclear transcriptional regulators that

initiate pro-inflammatory gene expression19. To determine whether
canonical or non-canonical NF-kB activation is altered in Nlrp6-
deficient cells, we analysed the phosphorylation status of the non-
canonical NF-kB effector p100, whereas p105 phosphorylation
status was monitored as a parameter of canonical NF-kB signalling.
L. monocytogenes infection induced significantly higher levels of
phosphorylated p105 in Nlrp62/2 macrophages, whereas those of
phosphorylated p100 were similar in wild-type and Nlrp6-deficient
macrophages (Fig. 4a). Similar results were obtained when analysing
the isolated cytosolic fraction of L. monocytogenes-infected cells
(Fig. 4a). Furthermore, this correlated with increased translocation

of the NF-kB subunit RelA (also known as p65) in the nuclear
fraction of infected Nlrp6-deficient cells, whereas the levels of the
non-canonical effector RelB were similar in wild-type and Nlrp62/2

macrophages (Fig. 4a). Confocal immunofluorescence microscopy
of L. monocytogenes-infected wild-type and Nlrp62/2 cells confirmed
the increased nuclear translocation of RelA in the latter genotype
(Fig. 4b, c). Increased p105 phosphorylation was also evident in total
and cytosolic lysates of Pam3CSK4-stimulatedNlrp62/2macrophages
(Fig. 4d). In addition, enhanced RelA translocation was confirmed
by western blotting in nuclear lysates and by confocal immunofluor-
escence staining (Fig. 4d–f). qPCR analysis of interleukin-1 receptor-
associated kinase M (IRAK-M) and the NF-kB negative regulator
A20 failed to demonstrate differential expression of these negative
regulators of TLR signalling in LPS- and Pam3CSK4-stimulated
Nlrp6-deficient cells (Supplementary Fig. 16). Although further
analysis is required to determine the precise level at which NLRP6
negatively regulates TLR-induced responses, our results indicate
that NLRP6 suppresses TLR-induced MAPK and canonical NF-kB
signalling to dampen the production of pro-inflammatory cytokines
and chemokines during bacterial infection. NLRP6 activation
consequently leads to increased susceptibility to both intracellular
(L. monocytogenes and S. typhimurium) and extracellular (E. coli) as
well as Gram-positive (L. monocytogenes) and -negative (E. coli and
S. typhimurium) bacterial pathogens. Our bone marrow chimaera
experiments suggested that thehaematopoietic andnon-haematopoietic
compartments contribute to the increased resistance ofNlrp62/2mice
to infection. We further demonstrated here that NLRP6 has a crucial
role in regulating host and immune responses in cells of the myeloid
lineage, and further analysis is required to determine the specific non-
haematopoietic cell type(s) contributing to NLRP6-mediated host
defence signalling in vivo.
The detrimental role of NLRP6 during systemic infection with

bacterial pathogens appears in sharp contrast to its protective role in
gastrointestinal tract, where it contributes to maintaining a healthy
composition of the gutmicrobiota20.We propose that these apparently
contradictory roles of NLRP6may be explained by the spatiotemporal
context in which it operates. As NLRP6 seems to be essential for
dampening the production of pro-inflammatory cytokines and
chemokines downstream of TLRs, it may have a protective role under
conditions in which strong inflammatory responses might be
detrimental to the host (as during colitis). On the other hand,
NLRP6 may play an adverse role during situations such as bacterial
infections in which potent inflammatory responses would be protec-
tive to the host.
Notably, previous studies characterizing the NLR family members

NOD1, NOD2, NLRC4 and NLRP3 all pointed to a protective role for
these NLRs in clearing microbial pathogens, and deficiency in these
NLRs led to increasedmorbidity andmortality in infected animals21–24.
By contrast, our data suggest that NLRP6 dampens inflammatory
signalling, thereby promoting bacterial dissemination and coloniza-
tion of systemic organs of the host. In light of these findings, we
propose that one subclass of NLRs (including NOD1, NOD2 and
NLRC4) may directly respond to microbial pathogens detected in
cytosolic compartment by initiating pro-inflammatory signalling that
eventually contributes to bacterial clearance. A second subclass ofNLR
proteins, such as NLRP6, may act as a molecular switch to dampen or
silence TLR-induced pathways triggered by extracellular recognition
of bacterial ligands to prevent overt pathology. Regardless, our results
highlight a crucial role for NLRP6 in dampening host responses
against several bacterial pathogens and suggest that therapeutic
inhibition of NLRP6 activation may prove beneficial for treating
infectious diseases.

METHODS SUMMARY
Nlrp6 knockoutmice were generated as described previously2–4,13. In vivo infection
experiments were done on female mice that were 8–12 weeks old and were
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Figure 4 | NLRP6 negatively regulates canonical NF-kB activation pathway.
a, BMDMs from wild-type and Nlrp62/2 mice were infected with L.
monocytogenes and the phosphorylation of p105 and p100 was examined in
total cell lysate and the cytosolic fraction. The nuclear fraction was examined
for RelA and RelB activation in wild-type andNlrp62/2 cells. b, Cells grown on
coverslips were infected with green fluorescent protein (GFP)-labelled L.
monocytogenes (Lm) and examined for nuclear translocation of RelA using an
anti-RelA antibody (red). DAPI, 49,6-diamidino-2-phenylindole. Scale bars,
10mm. c, Quantitative analysis of RelA-positive nuclei. d, Wild-type and
Nlrp62/2 macrophages were stimulated with Pam3CSK4, and the
phosphorylation of p105 and p100 was examined in total cell lysate and the
cytosolic fraction. The nuclear fraction was examined for RelA and RelB
activation in wild-type and Nlrp62/2 cells. e, Cells grown on coverslips were
stimulated with Pam3CSK4 and examined for nuclear translocation of RelA
using an anti-RelA antibody (red). Scale bars, 10mm. f, Quantitative analysis of
RelA-positive nuclei. Data show mean6 s.e.m. from three different
experiments. *P, 0.05.
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Conclusion	  

•  NLRP6	   suppresses	   TLR-‐induced	   MAPK	   and	   canonical	   NFκB	  
signalling	   to	   dampen	   the	   produc<on	   of	   pro-‐inflammatory	  
cytokines	  and	  chemokines	  during	  bacterial	  infec<on.	  

•  NLRP6	  ac<va<on	  leads	  to	  increased	  suscep<bility	  to	  intracellular	  
and	   extracellular	   as	   well	   as	   Gram-‐	   and	   Gram+	   bacterial	  
pathogens.	  

•  Hematopoie<c	  and	  non-‐hematopoie<c	  compartments	  contribute	  
to	  the	  increased	  resistance	  of	  Nlrp6-‐/-‐	  mice	  to	  infec<on.	  

•  Some	  NLRs,	  such	  as	  NLRP6,	  may	  respond	  to	  bacterial	  infec<on	  by	  
ini<a<ng	  pro-‐inflammatory	  signalling	  that	  contributes	  to	  bacterial	  
clearance.	  


