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The NLRP3 inflammasome plays a crucial role in the innate immune response to
pathogens and exogenous or endogenous danger signals. Its activity must be precisely
and tightly regulated to generate tailored immune responses. However, the immune
cell subsets and cytokines controlling NLRP3 inflammasome activity are still poorly
understood. Here, we have shown a link between NKT-cell-mediated TNF-α and NLRP3
inflammasome activity. The NLRP3 inflammasome in APCs was critical to potentiate
NKT-cell-mediated immune responses, since C57BL/6 NLRP3 inflammasome-deficient
mice exhibited reduced responsiveness to α-galactosylceramide. Importantly, NKT cells
were found to act as regulators of NLRP3 inflammasome signaling, as NKT-cell-derived
TNF-α was required for optimal IL-1β and IL-18 production by myeloid cells in response
to α-galactosylceramide, by acting on the NLRP3 inflammasome priming step. Thus, NKT
cells play a role in the positive regulation of NLRP3 inflammasome priming by mediating
the production of TNF-α, thus demonstrating another means by which NKT cells control
early inflammation.
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Introduction

The interface between the innate and adaptive immune systems
represents a critical area of immunity that orchestrates the general
outcome of immune responses. This transition needs to be tightly
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regulated to develop effective responses while avoiding dispropor-
tionate inflammation. Therefore, understanding the early mech-
anisms by which the innate immune system induces inflamma-
tion is essential. Pathogen-recognition receptors (PRRs), including
TLRs, C-type lectins, RIG-like helicases, and NOD-like receptors,
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constitute the major danger signal sensors and have a fundamen-
tal role in the development of proinflammatory responses [1].
Members of the NOD-like receptor family are critical components
of the inflammasomes that are emerging as key players in the con-
trol of early inflammation. To date, the NLRP3 inflammasome is
certainly the most comprehensively characterized inflammasome
[2]. Using an NLRP3-eGFP reporter mouse, it was demonstrated
that NLRP3 is primarily expressed by myeloid cells, but barely
expressed in lymphoid cells under resting conditions [3]. NLRP3
mediates the activation of caspase-1 and in turn triggers the mat-
uration and secretion of the proinflammatory cytokines IL-1β and
IL-18 [3]. The NLRP3 inflammasome requires two steps to be
functional: priming and activation. The priming step induces the
expression of both pro-IL-1β and NLRP, and is highly regulated by
multiple NF-κB-activating factors, including bacterial components
and cytokines [4]. The “second signal” leading to NLRP3 activa-
tion is dependent on a myriad of physical and chemical stimuli
[5]. Although the distal factors that influence NLRP3 activation
are likely to be numerous, the range of proximal signals involved
in its activation seems to be more restricted. For example, the cel-
lular level of ROS has been proposed to be a universal regulator
of NLRP3 inflammasome activation [4].

Type I NKT cells represent a versatile subset of T lympho-
cytes, carrying a semi-invariant T-cell receptor (TCR) composed
of a canonical Vα14-Jα18 TCRα chain (Vα24-Jα18 in humans),
combined with a limited range of TCRβ chains (Vβ8, Vβ7, or
Vβ2 in mice, Vβ11 in humans) [6]. Unlike conventional T cells,
which recognize peptide antigens (Ags) in the context of conven-
tional MHC class I and II molecules, NKT cells react to (glyco)lipid
Ags presented by CD1d, a monomorphic MHC class Ib molecule
ubiquitously expressed by antigen-presenting cells (APCs) [7].
α-galactosylceramide (α-GalCer) is a marine sponge-derived gly-
colipid Ag [8] that binds CD1d to specifically activate NKT
cells through TCR ligation. Upon activation, NKT cells rapidly
produce a large spectrum of immunoregulatory cytokines [6,
9, 10], which in turn regulate immune responses by induc-
ing the maturation of APCs, such as dendritic cells (DCs)
[11] and macrophages [12], and by influencing the func-
tions of downstream effector cells such as NK cells [13],
γδ T cells [14], conventional T cells [15, 16], and B
cells [17]. Thus, NKT cells have been proven to be piv-
otal in regulating immune responses in various experimental
models.

During early crosstalk between NKT cells and APCs, there is
a reciprocal regulation of each cell type, allowing amplification
of their respective functions such as cytokine production and
cytotoxic properties for NKT cells, and stimulatory functions for
DCs [9]. The inflammasome-dependent cytokines IL-1β and IL-18
have already been demonstrated to enhance NKT-cell-mediated
immune responses [14, 18]. However, it is still uncertain if the
NLRP3 inflammasome has a functional role in NKT-cell-mediated
responses. Despite numerous reports investigating the molecu-
lar events [19], cell populations involved in regulation of NLRP3
inflammasome activity are currently poorly defined. Among can-
didate cell types, NKT cells are well positioned to fulfill this

role due to their rapid response and immunomodulatory capac-
ity during the inflammatory response. Here, we demonstrate that
NKT cells are key upstream regulators of NLRP3 inflammasome
priming via a TNF-α-mediated mechanism. This report highlights a
novel critical pathway in the development of optimal inflammatory
responses.

Results

NLRP3 inflammasome is required for development
of an optimal α-GalCer-mediated immune response

The role of IL-18 and IL-1β in the development of NKT-cell-
mediated immune responses has been known for many years
[14, 18, 20–22]. However, the role of the NLRP3 inflammasome
in the immune cascade elicited by α-GalCer has never been pre-
viously tested. To investigate this, spleen cells from C57BL/6
wild-type (WT) or various gene-targeted mice were stimulated
with α-GalCer. As expected, spleen cells from Jα18−/− mice,
which are type I NKT cell deficient, failed to produce IFN-γ
(Fig. 1A). Compared with WT, IFN-γ production by spleen cells
deficient for inflammasome components (NLRP3 or caspase-1)
was significantly decreased (Fig. 1A). To confirm that the NLRP3
inflammasome was required for an optimal NKT-cell immune
response in vivo, α-GalCer was injected intraperitoneally (i.p.).
Consistent with the in vitro data, NLRP3−/− and caspase-1−/−

mice had a reduced serum IFN-γ levels at all time points (Fig. 1B).
Along with its ability to induce a massive production of

immunoregulatory cytokines, α-GalCer administration triggers
cytotoxic properties of innate-like cells, including NK cells and
γδ T cells [14, 23]. However, a lack of NLRP3 inflammasome
components did not modulate the ability of spleen cells from
α-GalCer-treated mice to kill the NK-cell-sensitive YAC-1 target
cells (Fig. 1C). In addition, purified splenic NK cells from α-GalCer-
treated NLRP3−/− or caspase-1−/− mice could trigger CD107a
degranulation and upregulate granzyme B in a similar manner
to control NK cells (Fig. 1D). Together, these data indicate that a
functional NLRP3 inflammasome is required for optimal cytokine
production, but is dispensable for the procytotoxic properties
induced by α-GalCer.

NLRP3 inflammasome components are not required
for α-GalCer-mediated NKT-cell cytokine production

To further investigate which factors accounted for the decreased
IFN-γ responsiveness in NLRP3 inflammasome component-
deficient mice, we first assessed IFN-γ production by splenic NKT
cells. The ability of NKT cells from NLRP3- and caspase-1-deficient
mice to secrete IFN-γ (Fig. 2A) and express the CD69 activation
marker (Fig. 2A) was comparable to that of control WT mice.
Consistent with this observation, the overall expression of the
CD1d molecule was not modulated in NLRP3−/− mice (Supporting
Information Fig. 1). Moreover, FACS analysis demonstrated a
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Figure 1. NLRP3 inflammasome is required for optimal α-GalCer-induced IFN-γ production. (A) Splenocytes from WT, Jα18−/−, NLRP3−/−, and
caspase-1−/− mice were stimulated with 100 ng/mL α-GalCer. Supernatants were harvested at various time points and tested for IFN-γ production
by cytometric bead array (CBA) analysis. Data are shown as mean + SEM of three samples representative of two independent experiments.
(B) Serum concentrations of IFN-γ in mice were measured by CBA analysis at indicated time points post-α-GalCer injection. Results are shown
as mean ± SEM of data pooled from at least two independent experiments using three to six mice per time point in each experiment. *p < 0.05;
**p < 0.01; ***p < 0.001 (Mann–Whitney U test). (C) Spleens from WT, NLRP3−/−, and caspase-1−/− mice were harvested at 24 hour post-vehicle or
post-α-GalCer injection. Spleen cells from vehicle- or α-GalCer-treated mice were co-cultured with 51Cr-labeled YAC-1 cells (target cells) at three
different ratios for 4 hour. Each data point is the mean ± SEM of two independent experiments performed in triplicate for each effector/target
ratio. (D) Spleen cells from vehicle- or α-GalCer-treated mice were stimulated with YAC-1 cells at an effector to target ratio of 10:1 for 5 hour to
evaluate the expression of CD107a on NK cells. Granzyme B expression was evaluated directly in NK cells from vehicle- or α-GalCer-treated mice
without further stimulation. Bar graphs indicate the percentage of CD107a+ or Granzyme B+ NK (CD3− NK1.1+) cells upon α-GalCer injection, as
assessed by surface and intracellular flow cytometry, respectively. Gates were set based on the staining with isotype control. Results are shown as
mean + SEM of data representative of two independent experiments using three to five mice in each group.

normal representation and phenotype of the NKT cells in the
periphery. This indicated that the NLRP3 inflammasome was not
crucial for the development of NKT cells (Supporting Information
Fig. 1).

NLRP3 inflammasome components are needed for
α-GalCer-mediated NK- and γδ T-cell cytokine
production

The adjuvant properties of α-GalCer are mainly explained by the
early crosstalk between activated NKT cells and surrounding APCs,
leading to the release of activating cytokines by mature APCs, and
downstream transactivation of NK and γδ T cells [13, 14]. Pheno-
typic analysis of DCs in WT and NLRP3 inflammasome component-
deficient mice after α-GalCer administration showed no differ-
ences in terms of maturation (Fig. 2B). However, as expected,
levels of APC-derived IL-18 and IL-1β in response to α-GalCer

were blunted in NLRP3−/− and caspase-1−/− mice (Fig. 2C). Of
note, the level of the NLRP3-independent cytokine IL-12p70 was
unchanged (Fig. 2C). In line with the role of IL-18 and IL-1β in
NK- and γδ T-cell activation [14, 24, 25], cytokine production by
NK (IFN-γ) and γδ T (IFN-γ and IL-17A) cells in NLRP3−/− and
caspase-1−/− mice was significantly reduced (Fig. 3). Together
these data indicate that NLRP3 inflammasome activation is criti-
cal to the downstream response following APC/NKT-cell crosstalk
driven by α-GalCer.

APC/NKT-cell crosstalk leads to NLRP3 inflammasome
priming in a mechanism involving TNF-α

Our data suggest that NLRP3 inflammasome activation occurs
during the crosstalk between NKT cells and APCs, suggesting
that NKT-cell-dependent factors may be important in the priming
of the NLRP3 inflammasome. Among the early factors produced
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Figure 2. NLRP3 inflammasome deficiency does not impact α-GalCer-induced IFN-γ production by NKT cells. Spleens from WT, NLRP3−/−, and
caspase-1−/− mice were harvested at 2 hour post-vehicle or post-α-GalCer injection. Splenocytes were processed into single cells and surface
stained before fixation/permeabilization and intracellular IFN-γ was detected by intracellular staining on NKT cells (CD1d/α-GalCer tetramer+

TCRβ+), without secondary stimulation. Gates were set based on the staining with isotype control. Density FACS plots are representative of two
independent experiments using three to five mice per group. The percentage of IFN-γ-producing NKT cells upon α-GalCer injection is shown as
mean + SEM of data representative of two independent experiments using three to five mice in each group (top right). Evaluation of CD69 expression
on NKT (CD1d/α-GalCer tetramer+ TCRβ+) cells was done using flow cytometry analysis. Line histograms show NKT cell CD69 expression in WT
(blue), NLRP3−/− (green), and caspase-1−/− (orange) mice and filled histogram shows isotype control (bottom right). (B) Spleens were harvested
9 hour after vehicle or α-GalCer administration and analyzed for DC maturation marker expression using flow cytometry. DCs were gated as
CD11c+ MHC-II+ cells. The histogram plots show the intensity of staining with the specific anti-CD40, anti-CD80, and anti-CD86 antibodies on
gated DCs from vehicle-treated WT (blue filled), NLRP3−/− (green filled), and caspase-1−/− (orange filled) mice, and α-GalCer-treated WT (blue line),
NLRP3−/− (green line), and caspase-1−/− (orange line) mice. Plots are representative of two independent experiments. (C) Serum concentration of
IL-12p70 and IL-18 in WT, NLRP3−/−, and caspase-1−/− mice were measured 9 hour post-α-GalCer injection by cytometric bead array (CBA) analysis
and ELISA, respectively. Spleens from WT, NLRP3−/−, and caspase-1−/− mice were harvested 6 hour post-α-GalCer injection and processed into
homogenate for the measurement of IL-1β by CBA analysis. Results are shown as mean + SEM of data pooled from two independent experiments
using three to five mice in each group in each experiment. *p < 0.05; **p < 0.01 (Mann–Whitney U test).

by NKT cells, TNF-α has already been shown to sensitize the
NLRP3 inflammasome in vitro in the absence of microbial infec-
tion [26]. As expected, NKT cells produced TNF-α within an hour
following α-GalCer administration (Fig. 4A). Of note, other cells
were not producers of TNF-α early after α-GalCer injection
(Supporting Information Fig. 2). To investigate if TNF-α could
be required for the priming of the NLRP3 inflammasome, we
analyzed the ability of APCs to express in vivo pro-IL-1β by
flow cytometry. Interestingly, administration of α-GalCer led to
pro-IL-1β protein upregulation in DCs (MHC II+ CD11c+), neu-

trophils (CD11b+ Ly6G+), and macrophages (CD11b+ F4/80+)
(Fig. 4B), an effect significantly reduced in TNF-α-deficient mice
(Fig. 4B). In concert with this, the levels of IL-1β and IL-18 in
response to α-GalCer were reduced in TNF-α−/− mice compared
with control mice (Fig. 4C).

To assess if TNF-α produced by NKT cells was sufficient to
induce NLRP3 inflammasome priming, we established a co-culture
system to recapitulate the early dynamics of cell–cell interac-
tions in vivo. Thus, bone marrow derived DCs (BMDCs) and
sorted-NKT cells were co-cultured. Co-culture in the presence of
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Figure 3. IFN-γ and IL-17A production by innate lymphocytes is decreased in NLRP3 inflammasome-deficient mice in response to α-GalCer.
(A–C) Spleens from WT, NLRP3−/−, and caspase-1−/− mice were harvested at 12 hour post-vehicle or post-α-GalCer injection. Splenocytes were
processed into single cells and treated with GolgiPlug (and GolgiStop for IL-17A detection) for 2 hour. Then, spleen cells were surface-stained to
gate on NK cells (CD3− NK1.1+) and γδ T-cell markers (CD3+ TCRδ+) before fixation/permeabilization and intracellular IFN-γ or IL-17A detection by
flow cytometry, without further stimulation. Gates were set based on the staining with isotype control. Density FACS plots are representative of
two independent experiments using three to five mice per group. The bar graphs indicate the percentage of IFN-γ-producing NK or γδ T cells or
IL-17A-producing γδ T cells upon α-GalCer injection. Results are shown as mean + SEM of data representative of two independent experiments
using three to five mice in each group. *p < 0.05; **p < 0.01 (two-tailed Student’s t-test).

α-GalCer led to pro-IL-1β protein synthesis in BMDCs, suggesting
that NKT/BMDC crosstalk is sufficient to induce the priming of
the NLRP3 inflammasome (Fig. 4D). Of note, α-GalCer incuba-
tion with BMDCs was not sufficient to induce pro-IL-1β while cul-
ture in recombinant TNF-α did (Fig. 4D). Interestingly, co-culture

in presence of a neutralizing anti-TNF-α mAb strongly reduced
pro-IL-1β synthesis in BMDCs (Fig. 4D). Notably, NKT/BMDC
crosstalk did not induce the production of NLRP3-dependent
bioactive cytokines in the supernatants, suggesting that other
elements are required for NLRP3 inflammasome assembly and
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Figure 4. NKT-cell-derived TNF-α is required for NLRP3 inflammasome priming during α-GalCer-mediated immune responses. (A) WT mice were
injected i.p. with vehicle or α-GalCer (2 μg/mouse) and culled 1 hour later. Spleen cells were treated with GolgiPlug and GolgiStop for 2 hour without
further stimulation. Splenic cells were then surface-stained with NKT-cell markers (TCRβ+ CD1d/α-GalCer tetramer+), fixed and permeabilized for
intracellular TNF-α staining. Gates were set based on the staining with isotype control. Plots are representative of two independent experiments.
(B) WT mice or TNF-α−/− mice were injected i.p. with α-GalCer (2 μg/mouse) and culled 2 hour later. Splenic and hepatic cells were then surface-
stained with myeloid cell markers, fixed and permeabilized for intracellular pro-IL-1β staining. Gates were set based on the staining with isotype
control. Data are shown as mean + SEM of eight mice pooled from two independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001 (Mann–Whitney
U test). (C) Spleens from WT and TNF-α−/− mice were harvested 6 hour post-vehicle or post-α-GalCer injection and processed into homogenate for
the measurement of IL-1β by cytometric bead array. Serum concentration of IL-18 in WT and TNF-α−/− mice was measured 9 hour post-α-GalCer
i.p. injection. Results are shown as mean + SEM of data pooled from two independent experiments using three to five mice in each group in each
experiment. *p < 0.05; **p < 0.01 (Mann–Whitney U test). (D) Untreated or α-GalCer-pulsed BMDCs, generated from WT mice, were co-cultured with
FACS-sorted NKT cells from naive WT mice (5:1 ratio) in the absence or presence of an anti-TNF-α (10 μg/mL) for 6 hour. Cells were harvested for
pro-IL-1β protein analysis by intracellular cytokine staining on CD11c+ cells. Gates were set based on the staining with isotype control. Plots are
representative of two independent experiments.
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activation. However, this can be achieved in α-GalCer-pulsed
APC-NKT cell but not in näıve APC-NKT cell co-cultures by the
exogenous addition of ATP to mimic the NLRP3 inflammasome
activation step (not shown). Furthermore, FACS-sorted splenic
DCs and NKT cells co-cultured for 24 hour in the presence of
α-GalCer also led to IL-18 production, while NKT cells isolated
from TNF-α-deficient mice did not induce IL-18 production in the
culture supernatant (Supporting Information Fig. 3). Together,
our data demonstrate that the early TNF-α produced by NKT cells
in response to α-GalCer is critical to prime the NLRP3 inflamma-
some in myeloid cells.

Discussion

Understanding immunological pathways leading to strong inflam-
mation is an important challenge to better define therapeu-
tic strategies to either develop a protective immunity against
pathogens or transformed cells, or to avoid the development
of autoinflammation/autoimmune disorders. Here, we defined
type I NKT cells as cellular regulators of NLRP3 inflammasome
priming. NKT cells exert their effects via a mechanism involv-
ing TNF-α. Our study demonstrates the pivotal role of the NLRP3
inflammasome in acting as a bridge between primary NKT-cell acti-
vation and APC-dependent downstream amplification of innate
effector cell functions of NK cells and γδ T cells.

Of note, a recent study in humans has demonstrated that type I
NKT cells promoted γδ T-cell functions via TNF-α production [27],
suggesting that this pathway may have been conserved across
species. However, while cytokine production (including IL-18,
IL-1β, IFN-γ, and IL-17A) was significantly altered in inflamma-
some component-deficient mice, the cytotoxic properties induced
by α-GalCer injection remained unchanged. This observation rein-
forced previous studies demonstrating that IL-18 was not required
in α-GalCer-induced cytotoxicity [28], although this cytokine was
initially described to increase NK-cell cytotoxic functions [29, 30].
This finding may indicate that in the context of α-GalCer, many
NLRP3 inflammasome-independent factors can regulate cytotoxic
functions, including cytokines such as IL-12p70, and ligation of
activator/inhibitor receptors on NK cells such as NKG2D and CD28
[31]. Thus, in context of α-GalCer treatments, one of these factors
might dominate to regulate NK-cell-mediated cytotoxicity.

Generally, our data illustrate a role for NKT cells as positive
regulators of NLRP3 inflammasome priming in a TNF-α-dependent
manner. In concert with a recent report from Franchi et al., we
have shown that in vitro application of TNF-α on APCs can stimu-
late the NLRP3 inflammasome signaling pathway [26]. However,
the in vivo role of TNF-α in NLRP3 inflammasome sensitization
remained unknown. In agreement with earlier findings [26], we
have here defined TNF-α as an important and sufficient molecule
in NLRP3 inflammasome priming in vitro and in vivo. NKT cells are
an early source of TNF-α [32], and now we have defined NKT-cell
TNF-α production as a cause of the secretion of IL-18 and IL-1β by
NLRP3-expressing myeloid cells.

As NKT cells participate in the development and regulation of
a wide range of immune responses, further investigations will be
required to evaluate if this inflammatory pathway occurs especially
during infection. Pathogens have evolved to develop strategies to
avoid their detection by the NLRP3 inflammasome in order that
the host cannot initiate an immune response to eliminate them
[33]. NKT cells are well known for their rapid responses and abil-
ity to recognize pathogen-derived glycolipids presented by CD1d
via their TCR and/or sense activating cytokines in environment
[34]. Therefore, the regulatory pathway highlighted in our study
offers an interesting alternative method for the host to activate the
NLRP3 inflammasome and initiate a protective response against
pathogens. Second, as NKT cells can be activated through TCR-
independent pathways (e.g. IL-12) to express TNF-α [35], the
immunologic pathway highlighted in our study may also be rele-
vant in the context of sterile inflammation. Harnessing the adju-
vant properties of NKT cells with α-GalCer to boost vaccine efficacy
has already been demonstrated powerful in many settings in mice
including infections and cancers [9]. Again, it is likely that this
effect is at least partially dependent on this NKT/TNF-α/NLRP3
pathway.

In agreement with a recent study [26], we confirmed that
TNF-α application on APCs is sufficient to sensitize the NLRP3
inflammasome. However, in our in vitro assays, ATP was required
to induce bioactive cytokine release indicating that TNF-α was not
sufficient to result in NLRP3 inflammasome assembly and caspase-
1 activation. The molecular events involved in the generation of
the “second signal” have not been investigated. Nevertheless, TNF-
α has been shown to cause tissue injury in a model of liver injury
induced by α-GalCer [36]. As tissue injury can release damage-
associated molecular patterns to activate and amplify the immune
responses via some PRRs [37], the bystander release of damage-
associated molecular patterns including ATP from injured tissues
might contribute to the NLRP3 inflammasome component assem-
bly and the release of mature forms of IL-1β and IL-18.

The critical role of TNF-α in NLRP3 inflammasome priming
suggests that other innate-like T cells may also participate in this
process. Among potential candidates that can regulate TNF pro-
duction during inflammation, γδ T cells and mucosa-associated
invariant T cells may be relevant in the control of NLRP3 inflam-
masome activity. In line with this hypothesis, γδ T-cell-deficient
mice displayed a significant decrease in level of TNF-α production
by macrophages in response to LPS [38].

TNF-α has been known for many years to be a critical mediator
of autoimmunity [39]. The use of anti-TNF-α protocols in patients
with severe autoimmune or autoinflammatory disorders such
as arthritis and Crohn’s disease has proven particularly efficient
in controlling disease progression and is rather well-tolerated
[40]. This new regulatory pathway may at least partially explain
this effect. Overall, by considering NKT cells/TNF-α/NLRP3
inflammasome as a critical regulatory pathway of inflammation,
new immunotherapy strategies may be designed to boost pro-
tective immunity in infections or cancers, or control excessive
inflammation.
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Materials and methods

Mice

Male C57BL/6J WT mice were purchased from the Walter
and Eliza Hall Institute for Medical Research (WEHI, Mel-
bourne, Australia). C57BL/6 NKT-cell-deficient mice (Jα18−/−),
C57BL/6 TNF-α-deficient (TNF-α−/−) mice, C57BL/6 NLRP3-
deficient (NLRP3−/−) mice, and C57BL/6 caspase-1-deficient
(caspase-1−/−) mice were bred in house at the Peter MacCallum
Cancer Centre (PMCC, Melbourne, Australia) and QIMR Berghofer
Medical Research Institute (Queensland, Australia). All mice were
backcrossed to C57BL/6J at least ten times. Sex-matched mice
were used at 8–10 weeks of age. All experiments were performed
in accordance with the animal ethics guidelines ascribed by the
National Health and Medical Research Council of Australia. All
experiments were approved by the PMCC and QIMR Berghofer
Animal Ethics Committee.

Reagents and antibodies

α-GalCer was from Axxora Life Sciences (San Diego, CA, USA).
Flow cytometry antibodies against mouse CD3 (145–2C11), NK1.1
(PK136), TCRδ (GL3), CD69 (H1.2F3), IFN-γ (XMG1.2), IL-17A
(TC-11–18H10), TCRβ (H57–597), CD80 (16–10A1), CD40
(3/23), CD86 (GL1), F4/80 (BM8), MHCII (2G9), CD11c (N418),
CD11b (M1/70), CD107a (1D4B), granzyme B (NGZB), and iso-
type controls were purchased from BD Biosciences (San Diego,
CA, USA), BioLegend (San Diego, CA, USA), or eBiosciences (San
Diego, CA, USA).

Flow cytometry

Mice were injected with vehicle, α-GalCer (2 μg/mouse i.p.).
Single cell suspensions were prepared from mouse organs
and removal of erythrocytes was performed using ammonium
chloride lysis as described previously. Cells were first stained with
anti-CD16/32 (2.4G2) and then with specifically conjugated anti-
bodies for 30 min in the dark. Nonviable cells were excluded on
the basis of staining with 7-aminoactinomycin D (BD Pharmin-
gen). Flow cytometry was performed by using a FACS LSR-II or
Canto Loader II (BD Biosciences) and data sets were analyzed
using FlowJo software (Tree Star).

For identification of IFN-γ-, IL-17A-, pro-IL-1β-, or TNF-α-
producing cells, mouse spleens were harvested at indicated time
points postinjection. Splenocytes were processed into single cells
and treated with GolgiPlug (BD Biosciences) and/or GolgiStop
(BD Biosciences) for 2 hour. Then, single cell suspensions were
blocked in the presence of 2.4G2 prior to staining with appropri-
ate dilutions of fluorochrome-conjugated antibodies for 30 min
in the dark. Cells were then fixed and permeabilized using the
BD Cytofix/CytopermTM Fixation/Permeabilization kit and incu-

bated with antibodies against IFN-γ, IL-17A, pro-IL-1β, TNF-α, or
matching isotype control antibodies in permeabilization buffer.
Cells were acquired and analyzed on either a FACS LSR-II or
Canto Loader II (BD Biosciences). FACS analysis was performed
with FlowJo software (Treestar).

51Cr cytotoxicity assay

A standard 51Cr cytotoxicity assay was used to analyze the abil-
ity of α-GalCer-treated WT, NLRP3−/−, and caspase-1−/− total
spleen cells to kill YAC-1 targets. Briefly, targets were labeled with
100 μCi of 51Cr and were added to V-bottom plates and effectors
(splenocytes) were then added at defined effector to target ratios.
After 4 hour at 37°C in 5% CO2, supernatants were harvested and
the level of 51Cr was quantified using a gamma counter (Wallac
Wizard). Percentage of specific killing was determined using the
formula (sample 51Cr release – spontaneous 51Cr release)/(total
51Cr release – spontaneous 51Cr release) × 100.

Co-culture assay

Single cell suspension of hepatic cells was first stained with anti-
CD16/32 (2.4G2) and then with specifically conjugated antibod-
ies for 30 min in the dark. NKT cells (α-GalCer-CD1d tetramer+

TCRβ+ cells) were sorted using an ARIA and purity was always
greater than 97%. BMDCs were generated as previously described
[41]. For the BMDC:NKT-cell co-culture assay, cells were cultured
at a 5:1 ratio in complete RPMI media in the presence or absence
of α-GalCer (100 ng/mL). After 6 hour, cells were collected and
stained for surface expression of CD11c (BMDCs). Cells were then
fixed and permeabilized using the BD Cytofix/CytopermTM Fixa-
tion/Permeabilization kit and incubated with antibodies against
pro-IL-1β or matching isotype control antibodies in permeabiliza-
tion buffer.

Detection of cytokines

Mouse cytokines were detected using the BD cytometric bead array
system (BD Bioscience). Acquisition was performed on a FACS
LSR-II or Canto Loader II (BD Biosciences). Analysis was per-
formed using FCAP array software (Soft Flow Inc.). IL-18 level
was detected by Mouse IL-18 ELISA kits (R&D Systems) according
to the manufacturer’s instructions.

Statistical analysis

All statistical analysis was performed using GraphPad Prism
software (GraphPad Software Inc.). Statistical tests used
were the unpaired Student’s t-test or Mann–Whitney U test.
Results with a p value of less than 0.05 were considered
significant.
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