
International Immunopharmacology 11 (2011) 549–554

Contents lists available at ScienceDirect

International Immunopharmacology

j ourna l homepage: www.e lsev ie r.com/ locate / in t imp
Regulation of adaptive immunity by the NLRP3 inflammasome

Mingkuan Chen, Hongbin Wang, Wei Chen, Guangxun Meng ⁎
Unit of Innate Immunity, Key Laboratory of Molecular Virology and Immunology, Institut Pasteur of Shanghai, Chinese Academy of Sciences, Shanghai 200031, China
⁎ Corresponding author. Unit of Innate Immunity,
Chinese Academy of Sciences, 225 South Chongqing R
Tel./fax: +86 21 54652203.

E-mail address: gxmeng@sibs.ac.cn (G. Meng).

1567-5769/$ – see front matter © 2010 Elsevier B.V. Al
doi:10.1016/j.intimp.2010.11.025
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 14 September 2010
Received in revised form 9 November 2010
Accepted 15 November 2010
Available online 27 November 2010

Keywords:
NLRP3
Inflammasome
Adaptive immunity
Adjuvant
It is well known that the innate immune system can induce and regulate the development of adaptive immunity.
The NLRP3 inflammasome is a multiprotein complex that controls the caspase-1 activation step that is a pre-
requisite for the maturation of interleukin (IL)-1β and IL-18. Recent findings showed that the NLRP3
inflammasome not only is an innate responder to pathogenic and danger signals, but also can affect the adaptive
immune response. Here we review the role of NLRP3 inflammasome in regulating adaptive immunity.
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1. Introduction

To effectively combat invading microorganisms, two arms of
mammalian immune system, the innate immunity and the adaptive
immunity, are needed. The innate immune system not only provides
the first line defense in the host's resistance to invasion by microbial
pathogens, but also activates the adaptive immune system for
sustained protection from such invasion [1]. Recognition of micro-
organisms by the innate immune system relies on evolutionarily
conserved germ line-encoded receptors called pattern-recognition
receptors (PRRs) that sense conserved motifs present on microbes
named pathogen-associated molecular patterns (PAMPs). After
recognition, the PRRs initiate rapid responses such as production of
proinflammatory cytokines and type I interferons [2,3]. In addition,
the cytokinemilieu created from PRRs activation and the up-regulation
of co-stimulatory molecules can induce activation of the adaptive
immune system for long-lasting pathogen-specific immunity [1,4].

PRRs identified so far include three different classes: secreted,
trans-membrane and cytosolic. Secreted PRRs such as collectins,
ficolins and pentraxins bind microbes and activate the complement
system. The trans-membrane PRRs are Toll-like receptors (TLRs) and
the C-type lectins, with some members expressed on cell surface
(such as TLR2/4 and Dectin1/2) and some expressed on endosome
membrane (TLR3/7/9). The cytosolic PRRs include the RIG-I-like
receptors (RLRs), the nucleotide-binding domain leucine-rich repeat
containing receptors (NLRs) and the newly identified DNA sensors
AIM2 (absent in melanoma 2) and IFI16 (interferon-inducible protein
16) [1,5,6]. The RLRs mainly detect viral pathogens and the NLRs can
detect both pathogens and stress signals [7]. In response to PAMPs or
stress signals (danger-associated molecular patterns, DAMPs), a
subset of NLRs forms a complex with ASC (apoptosis-associated
speck-like protein containing a CARD) to activate caspase-1[8]. In
2002, Tschopp group first named this complex the inflammasome [9].
To date, at least 4 different inflammasomes have been identified; they
are the NLRP1, NLRP3, IPAF (NLRC4) and AIM2 inflammasomes [10].
There are comprehensive reviews about inflammasomes in literature,
and this mini-review will mainly summarize the role of the NLRP3
inflammasome in the development of adaptive immunity.

2. The NLRP3 inflammasome

NLRP3, also called CIAS1, PYPAF1, Cryopyrin, CLR1.1 (CATERPILLAR
1.1) or NALP3, is one of the best characterized NLR family members
[11]. In mice, NLRP3 is mainly expressed in tissues such as lung, liver,
kidney, colon and ovary, with particularly high expression in the skin
and eye [12,13]. Mouse neutrophils, peripheral blood mononuclear
cells (PBMCs) and bone marrow-derived dendritic cells (BMDCs)
express high level of NLRP3 constitutively, while the bone marrow-
derived macrophages (BMDMs) and Th2 cells only express this
molecule at moderate level [12,13]. However, upon TLR or TNF
receptor stimulation, the expression of NLRP3 in BMDMs is dramat-
ically elevated, largely as a result of NF-κB activation [12,14]. Both
mouse and human osteoblasts express NLRP3 [15]. In addition,
primary human PBMCs, the monocyte-derived THP-1 cell line,
primary human keratinocytes (PK), keratinocyte-derived HaCaT
cells, primary mast cells (MS), granulocytes and B cells all express
NLRP3 [16–19]. The tissue distribution of human NLRP3 is also found
in the urothelial layer in the bladder and in epithelial cells lining the
oral and genital tracts besides the skin cells mentioned above [16,19].
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Structural analysis revealed that NLRP3 contains an N-terminal pyrin
domain, an intermediate NACHT domain and a C-terminal LRR domain.
Upon activation, NLRP3 recruits ASC via a pyrin–pyrin domain interaction
and the recruited ASC binds to pro-caspase-1 via a CARD–CARD
interaction. The multiprotein complex thus formed, now called the
NLRP3 inflammasome, then activates caspase-1, and the latter cleaves
pro-interleukin-1β (IL-1β) and pro-IL-18 to formmature IL-1β and IL-18,
respectively (Fig. 1).Whole pathogens, PAMPs, DAMPs and environmen-
tal irritants can all activate the NLRP3 inflammasome [10]. However, the
exact mechanism(s) leading to NLRP3 inflammasome activation is still
not clear. Given the diversity of these NLRP3 activators, a consensus is
emerging that there is a common “downstream” intracellular activator
that constitutes a final common pathway for NLRP3 activation (Fig. 2)
[20,21]. In any case, themature IL-1β and IL-18 production resulted from
NLRP3 activation are highly potent proinflammatory mediators impor-
tant for host defense against infectious agents. In addition, via IL-1β, the
NLRP3 inflammasome is linked toTh17cell differentiation [22–24] aswell
as to Th2 response since vaccination with aluminum adjutants also
activates this inflammasome [25,26]. It should be noted, however, that
NLRP3-mediated secretion of IL-1β and IL-18must be under tight control,
as excessive production of these cytokines can lead to autoinflammatory
diseases. This is seen in the group of diseases collectively called Cryopyrin
(CIAS1,NLRP3)Associated Periodic Syndromes (CAPSs)which are caused
by hyper-activation of the NLRP3 inflammasome due tomutations in the
NLRP3 gene [27,28].

3. The NLRP3 inflammasome in T cell response

The NLRP3 inflammasome plays a critical role in inflammatory
responses and the induction of adaptive immunity. As an important
part of adaptive immunity, helper T cells have been classified into
several groups including Th1, Th2, Th17 and regulatory T (Treg) cells
[29]. The differentiation of specific lineages of helper T cells is mainly
driven by cytokine signals originating from antigen-presenting
dendritic cells and macrophages [30]. Among these are the cytokines
arising from the NLRP3 inflammasome activation [4].

3.1. The NLRP3 inflammasome in Th1/Th2 response

The Th1 response mainly touches on cellular immune system and
maximizes the killing efficacy of the macrophages and the prolifer-
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Fig. 1. Schematic structure of the NLRP3 inflammasome. Upon activation, NLRP3 binds
to ASC via pyrin–pyrin domain interaction and ASC recruits pro-caspase-1 via a CARD–
CARD interaction, this complex assembly leads to caspase-1 activation. LRR, leucine-
rich-repeat; NBD, nucleotide-binding domain; PYD, pyrin domain; CARD, caspase
activating and recruitment domain.
ation of cytotoxic CD8+ T cells; thus, Th1 response is very important
in combating microbial invasion; but if the Th1 response is not
controlled properly, it can cause autoimmune disease [31,32]. Initially
being named as IFN-γ-inducing factor, IL-18 is an important mediator
in the Th1 response, primarily by induction of IFN-γ secretion from
T cells and natural killer (NK) cells (Fig. 2) [33,34]. In a mouse model
of experimental autoimmune encephalomyelitis (EAE), NLRP3 was
found to play a critical role in the inflammation in the central nervous
system (CNS) via its role in support of both Th1 and Th17 responses, at
least partially dependent on IL-18 secretion [35]. In the study, the
authors found that the NLRP3 mRNA expression was strongly up
regulated in the spinal cords during EAE development, and the NLRP3
deficient mice exhibited a dramatically delayed course and reduced
severity of disease [35]. However, a parallel study showed that NLRP3
was not involved in the EAE development [36]. Thus, the function of
NLRP3 in this kind of autoimmune disease needs further clarification.
In colitis or colitis associated colon cancer (CAC) models, several
groups showed that NLRP3 plays a protective role against colon
inflammation or tumorigenesis via IL-18 from intestinal epithelial
cells (IEC) or immune cells, respectively [37–42]. However, using a
very similar experimental approach, Bauer et al. showed that the
NLRP3 inflammasome activation enhanced colon inflammation [43].
Thus, the exact role of NLRP3 inflammasome in colon inflammation is
still controversial. In another study, ATP released by dying tumor cells
activated the NLRP3 inflammasome in DCs and the resultant IL-1β
secretion was sufficient to prime anti-tumor Th1 and CD8+ T cell
responses [44]. However, in studies from Meng et al. analyzing CD4+
T cell responses in a mouse line with hyperactive NLRP3 activation, a
clear Th17 bias over Th1 response was observed (Meng and Strober,
unpublished data). Therefore, the role of the NLRP3 inflammasome
activation in the stimulation of the Th1 response is still unclear.

The Th2 response is mainly oriented to the humoral immune
system and the function of B cells. For example, Th2 cells induce
antibody class switching via specific cytokines such as IL-4 and IL-13
[45]. The possible involvement of the NLRP3 inflammasome in Th2
responseswas suggested by the fact that IL-33, an IL-1 family cytokine,
was shown to be processed by the NLRP3 inflammasome [4,46]. And
IL-33 drives production of Th2 cell-associated cytokines from in vitro
polarized Th2 cells, and acts as a chemo-attractant for Th2 cells (Fig. 2)
[47–49]. However, this concept was brought into question by several
very recent studies showing that even though the presence of caspase-
1 enhances the proteolytic processing of IL-33, the processed form of
IL-33 does not bind to the known IL-33 receptor, the ST2 receptor. In
addition, pro-IL-33 can be secretedwithout caspase-1 activity [50–53].
The independence of the IL-33 from NLRP3 inflammasome activity is
also supported by studies of collagen-induced arthritis (CIA). In this
mouse model of arthritis, IL-33 levels are greatly elevated in the
inflamed joints, and IL-33 receptor (ST2) blockade with antibody
attenuates the severity of disease [54]. However, it has been shown
that CIA (and other antigen-induced arthritis models) is not
dependent on NLRP3 or caspase-1 activation [55,56].

Another set of observations suggesting that the NLRP3 inflamma-
some might be involved in Th2 responses is that alum, a potent Th2
adjuvant, activates the NLRP3 inflammasome, and that alum drives
Th2 skewing via NLRP3 [25,57]. However, in an independent study,
CD4 and CD8 T cell responses, antibody responses and the Th2 cell
bias associated with the use of alum were not affected by the absence
of caspase-1 or NLRP3 [58]. In summary, therefore, the role of the
NLRP3 inflammasome in Th2 response remains quite unclear.

3.2. The NLRP3 inflammasome in Th17 cell differentiation

Th17 cells are a subset of helper T cells capable of producing
proinflammatory cytokines such as IL-17A, IL-17F, IL-21 and IL-22
[59–61]. These cells have been shown to be important in autoimmune
diseases including multiple sclerosis (MS), psoriasis, autoimmune



Fig. 2. The interplay between the NLRP3 inflammasome and adaptive immunity. PAMPs, DAMPs and adjuvants activate the NLRP3 inflammasome and thus activate caspase-1. The
activated caspase-1 then cleaves pro-IL-1β and pro-IL-18 to producemature IL-1β and IL-18, respectively. IL-1β is critical in driving Th17 cell differentiation, while IL-18 is important
particularly for Th1 cell response. As a cytokine inducing Th2 cell response, IL-33 can also be processed by inflammasome-dependent caspase-1 activation, but evidence showed that
the pro-IL-33 instead of mature IL-33 is actually the active form (dashed arrows). As feedback regulation, activated T cells can inhibit NLRP3 inflammasome activation via cell–cell
contact mediated by TNF family ligands expressed on T cells such as CD40L. In addition, viral specific antibody from B cells can enhance the internalization and phagocytosis of the
virus and amplify NLRP3 inflammasome mediated IL-1β production.
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uveitis, juvenile diabetes and rheumatoid arthritis (RA) [60]. More
specifically, Th17 cells are thought to play a direct role in
inflammation and tissue injury under these disease conditions [62].
Th17 cells are also important in clearance of infection from cutaneous
or mucosal areas [61].

IL-1β is a key proinflammatory cytokine in inflammation and its
role in the inflammatory response is well established [63]. Several
recent studies have provided evidence that IL-1β is also involved in
Th17 cell differentiation from naïve T cells [24,64,65]. In studies of the
mechanism of this involvement, Dong and his associates showed that
early during Th17 differentiation, IL-6 up-regulates IL-1 receptor
expression on T cell and then IL-1β synergizes with IL-6 to promote
Th17 cell development via up-regulation of key IL-17 transcription
factors, IRF4 and RORγt [23,66]. This cascade of IL-1 signaling on T cells
is essential for Th17 cell-mediated autoimmunity [23]. Moreover, in
the absence of TGF-β signaling, pathogenic Th17 cells can be generated
by IL-1β stimulation in the presence of IL-23 and IL-6 (Fig. 2) [67].

Additional evidence showing that the NLRP3 inflammasome is
involved in Th17 cell responses has come from a recent study by
Strober and his associates [22]. In this study, gene-targeted (knock-in)
mice carrying a point mutation in the Nlrp3 gene (NLRP3-R258W)
was developed. This mutation is equivalent to the R260Wmutation in
humans which is associated with the Muckle–Wells syndrome, an
autoinflammatory disease with excessive IL-1β production [68]. The
NLRP3-R258W knock-in mice developed skin inflammation charac-
terized by neutrophil infiltration and an IL-17 family cytokine
dominant response [22]. In addition, in contact hypersensitivity
experiments, the NLRP3-R258W mice exhibited strongly enhanced
inflammation, which was also accompanied with neutrophil infiltra-
tion and Th17 cell differentiation [22]. The importance of the IL-17
responses seen in these situations was shown by the fact that not only
blockade of IL-1β signaling, but also neutralization of IL-17 led to
attenuation of the inflammation [22].

Further studies showed that hyper-activation of the NLRP3 inflamma-
some in NLRP3-R258Wmice resulted in excessive IL-1β production from
antigen-presenting cells (APCs), which augmented Th17 cell differenti-
ation [22]. When NLRP3 mutated (R258W) CD11b+ cells or WT CD11b+

cells were co-cultured with WT CD4+ T cells under Th17 cell polarizing
condition, the former co-culture system producedmuchmore IL-17 than
the latter, whereas the reverse was true for IFN-γ production. In another
co-culture systemwherein CD4+ T cells from IL-1R1 deficientmice orWT
mice were co-cultured with R258W CD11b+ cells, the IL-1R1 deficient T
cells exhibited substantially less IL-17 secretion than WT T cells. These
results indicated that the APCs carrying NLRP3 mutation can drive CD4+

T cell to Th17 cell development, providing that an initial polarizing
environment (TGF-β+IL-6) is assured [22].

Parallel to the work mentioned above, Hoffman group also
generated other lines of mice carrying different Nlrp3 mutations,
A350V and L351P, mutations associated with the Muckle–Wells
syndrome and the familial cold induced autoinflammatory syndrome,
respectively [68,69]. In T cell differentiation studies conducted with
these mice, it was shown that BMDCs from A350V knock-in (KI) mice
directed antigen-specific T cells toward a Th17-biased response under
Th2 and Th17 polarizing conditions as well as under neutral
conditions, although this bias was modest in comparison to that
found in the study with R258W mice described above [20,69]. In the
same study, it was found that A350V KI mice crossed with Rag
deficient mice that do not have functional T and B cells showed
slightly extended life span but the KI mice backcrossed onto ASC or IL-
1 receptor deficient background were completely free of disease [69].
However, another line of KI mice that carry more severe inflammation
(L351P) showed only partial IL-1 signaling-dependent pathology [69].
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This is consistent with the finding that R258W KI mice on IL-1R1
deficient background are free of disease while those crossed with IL-
17 knock-out still manifest autoinflammation, albeit less severe than
the NLRP3-R258W mice on a normal background (Meng and Strober,
unpublished observation). These results indicate that whereas
increased IL-17 secretion accounts for much of the autoinflammation
observed in mice with NLRP3 mutations it does not account for all of
the autoinflammation. There should be factors induced by IL-1β other
than IL-17 also involved in the pathogenesis of NLRP3 mutated mice.

Corroboration of the above finding that the NLRP3 inflammasome
is involved in IL-17 response has come from very recent work
showing that upon infection by Bordetella pertussis, the key bacterial
virulence factor adenylate cyclase toxin (CyaA) activates the NLRP3
inflammasome and promotes Ag-specific Th17 cells for protective
immunity [70]. The induction of Th17 response was dependent on IL-
1β signaling, as IL-1β receptor deficient mice could not generate the
Ag-specific Th17 cells. In that infection model, both IL-1β and IL-17
are important in bacteria clearance [70]. Thus, IL-1β and IL-17 cascade
may cause deleterious autoinflammation but can also be important in
infection clearance. Proper manipulation of this double edged sword
should be very important in control of autoimmune as well as
infectious diseases.

Finally, it is worth to mention that NLRP3 inflammasome
activation plays a role in contact hypersensitivity in normal mice,
not just those with a NLRP3 mutation. This was shown in studies in
which it was found that NLRP3 inflammasome activation in
keratinocytes is important for contact hypersensitivity (CHS) devel-
opment [16]. Furthermore, activation of the NLRP3 inflammasome by
certain contact sensitizers (CS) in the skin can convert the T cell
response from tolerance to sensitization, a process mediated by IL-1β
that can affect Th1, Th17 and Treg cell developments [71].

4. Regulation of the NLRP3 inflammasome by adaptive immunity

Since IL-1β is such a strong proinflammatory cytokine, its
processing and secretion must be tightly regulated. Recently, Guarda
et al. demonstrated that effector and memory T cells selectively block
the NLRP1 and NLRP3, but not IPAF (NLRC4) inflammasome activity in
an antigen-dependent manner [72]. In their experiments, the authors
nicely showed that TCR ligand stimulated or specific antigen
(ovalbumin, OVA) activated CD4+ T cells clearly inhibit the IL-1β
production and caspase-1 activation from BMDMs or BMDCs.
Applying inflammasome specific stimulants, they further demon-
strated that the activated CD4+ T cells inhibit the NLRP3 inflamma-
some substantially, while the inhibition on NLRP1 inflammasome is
moderate and there is no clear inhibition on IPAF (NLRC4) inflamma-
some activation [72]. Mechanistically, T cell-mediated suppression of
the NLRP3 inflammasome requires cell–cell contact, and the TNF
family ligands expressed on the surface of effector T cells including
RANKL, CD40L and OX40L are factors mediating the inhibition of
NLRP3 activity in APCs (Fig. 2) [72]. Interestingly, while clearly
inhibiting the NLRP3 inflammasome, CD40L did not affect the
production of IL-6 and enhanced the IL-12 secretion from APCs [72].
Moreover, in a NLRP3-dependent peritonitis model initiated by alum
injection, the neutrophil infiltration was also inhibited by effector T
cells. This provided in vivo evidence of CD4+ T cell-mediated
inhibition of NLRP3 function [72]. This work thus demonstrated that
lymphocyte infiltration works as a feedback loop to regulate the
primary inflammatory response via inhibition of specific inflamma-
somes. In this process, function of IL-1β and IL-18 is controlled and
other specific mediators such as IL-6 were not affected; this may
create a special milieu for an immune response whereby microbial
invasion can be effectively combated and self damage limited.

Besides T cells, antibody can also affect innate immune response.
One recent study showed that antiviral antibodies specifically
amplified intracellular innate immune signaling, including enhancing
of TLR9-independent type I IFN expression, up-regulation of NF-kB-
dependent gene expression, as well as elevation of NLRP3-dependent
caspase-1 activation and IL-1β processing in response to adenovirus
[73]. Moreover, the adenovirus specific Abs also enhanced the
internalization and phagocytosis of the virus in macrophages
(Fig. 2) [73]. Thus, this work indicated that during antiviral process,
the humoral adaptive immune system can positively regulate the
innate immune response for better control of viral infection.

Taken together, these studies indicated that the adaptive immune
system has a feedback communication with the innate immune
system, either to dampen innate immune responses or to enhance the
activation of the intracellular innate immune signaling via affecting
the NLRP3 inflammasome activation.

5. Activation of the NLRP3 inflammasome by adjuvants

Adjuvants have been widely used as immunopotentiator to trigger
the innate immune system to enhance the immunogenicity of co-
administered antigens. They are believed to activate the innate arm of
the immune system by targeting professional antigen-presenting cells
such as dendritic cells (DCs) [74]. There are two types of common
adjuvants: one is derived from microbial components, such as Toll-
like receptor (TLR) agonists, and the other is particulate adjuvants,
including mineral salts, oil-in-water emulsions and microparticles.
Although the most widely used adjuvants in clinic are particulate
adjuvants, how they drive innate and adaptive immune responses is
still unclear [75].

Alum is the only approved adjuvant for routine administration on
humans [46]. A series of recent advances demonstrated that alum can
promote the activation of the NLRP3 inflammasome, and cathepsin B-
dependent lysosomal destabilization is at least part of the mechanism
underlying this activation (Fig. 2) [25,76]. But the immune responses
that alum induces and the mechanism mediating its ability to
boost antigen-specific antibody production remain poorly understood
[77–79].

In 2007, Li et al. showed that alum activates caspase-1 and induces
secretion of mature IL-1β and IL-18 [79]. Soon afterwards, it was
shown that this caspse-1 activation by alum was mediated by the
NLRP3 inflammasome [25,46]. In those studies, antigen-specific IgE
and IgG1 production elicited by vaccines that contain alum was
significantly impaired in the NLRP3 deficient mice, while IgG2a that
could be induced by IFN-γ was not different. And no significant titer
difference for OVA specific IgG1 and IgG2c was observed between
wild-type and NLRP3 deficient mice when vaccinated with OVA-CFA
[25,46]. In addition, neither complete Freund's adjuvant (CFA) nor
incomplete Freund's adjuvant (IFA) induced IL-1β production by
macrophages [46,25]. Moreover, Kool et al. reported that in alum
immunization models, IgE was abrogated while IgG2c was increased
in NLRP3 deficient mice [57]. All these studies suggested that the
NLRP3 inflammasome is involved in antigen-specific antibody
generation when using alum as adjuvant but the Freund's adjuvant
induced humoral immunity is NLRP3 independent.

However, Mckee et al. showed that adjuvant effect of alum on
endogenous T and B cell responses was not impacted by the absence
of NLRP3, and the type 2 humoral response orchestrated by
macrophages and mast cells in vivo was also NLRP3 independent
[58]. In addition, Nunez's group also proved that the NLRP3
inflammasome is dispensable for adjuvant activity, although it is
critical for aluminum hydroxide-mediated IL-1β secretion [77]. In
their experiments, the production of IgG against human serum
albumin boosted by alum adjuvant was unimpaired in mice deficient
of NLRP3. Furthermore, another study showed that the recruitment of
inflammatory cells and IL-6 production after intraperitoneal admin-
istration of alum did not change much in the NLRP3-deficient mice in
comparison to wild-type mice, suggesting that other unidentified
innate immune pathways have also been activated by alum in vivo
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[57]. In summary, these in vitro and in vivo studies suggest that the
activation of NLRP3 does not contribute to alum adjuvanticity. Most
likely, to different extent, the antigen, the administration route and
the readout all account for the controversial results achieved so far [74].

Other particulate adjuvants, such as chitosan, Quil-A, poly(lactide-
co-glycolide) (PLG) and polystyrene microparticles can also activate
IL-1β secretion in vitro via a NLRP3-dependent mechanism [26,46,80].
However, experiments conducted in gene deficient mice suggest that
NLRP3 is totally dispensable for PLG adjuvant effect on antibody
responses [74]. Nonetheless, monosodium urate (MSU) crystals
injected intraperitoneally with antigen induced an IgG1-type anti-
body response in a NLRP3-dependent manner [25]. As a new field,
nano particulate adjuvants have recently been demonstrated to be
able to rupture lysosomal compartments and function as ‘danger
signals’ [76,81]. And one kind of nanoparticle, silica particle (SP),
induced inflammation has recently been found to be dependent on
the consequence of endosomal rupture, reactive oxygen species (ROS)
production, and subsequent activation of the NLRP3 inflammasome
[82]. In addition, Kumar et al. applied fungal curdlan as adjuvant and
found that NLRP3 was also involved in antigen-induced antibody
response [83]. It should be noted that in this case, the Ag-specific
antibody production required NLRP3 but was independent of TLR or
IL-1 receptor signaling, suggesting the existence of NLRP3-dependent
and IL-1 receptor-independent mechanisms in B cells responsible for
antibody responses.

Taken together, alum and other particulate adjuvants, due to their
particle character, can induce local inflammation and boost the
adaptive immune response through activation of DCs via the NLRP3
inflammasome [74]. It was reported that IL-1β itself also has adjuvant
capacity and can enhance humoral immunity [84–86], while IL-18 had
been shown to augment IgE antibody production [87]. Thus it will be
interesting to study the relative contribution of various IL-1 family
cytokines in vaccination development when specific adjuvant
activating the NLRP3 inflammasome was applied for immunization.

6. Conclusions and perspectives

The role of the NLRP3 inflammasome in innate immunity has been
studied extensively, but its function in adaptive immunity is still
waiting for further exploration. Experimental evidences accumulated
so far support the idea that the NLRP3 inflammasome is directly
involved in Th17 cell response. Its function in Th1 cell development is
microenvironment dependent and its role in Th2 response needs
further clarification. Nonetheless, the fact that aluminum adjuvants
are able to activate the NLRP3 inflammasome suggests the importance
of NLRP3 in vaccination. Further study to explore the detailed
mechanism about how NLRP3 regulates adaptive immunity may
help to develop more effective approaches to control T cell-mediated
autoimmune diseases and to design new adjuvants for vaccination.

A big puzzle in the field of inflammasome research so far is
inconsistence of data, especially those from in vivo experiments.
Compared to relatively easy manipulation in vitro, the in vivo
environment is quite complicated; thus it is much harder to get
consistent information from different animal models. Even in the
seemingly identical experiments, different labs can also generate
controversial results. A well standardized way to perform experiment
is rather essential in the field, but very detailed information about
research protocol is not easily available directly from most published
work. Since a lot of journals have supplementary material accepted
online, the size issue of certain article is not a problem anymore.
Therefore, the authors of this mini-review strongly urge that all
research work accepted for publication should include detailed
information about experiments such as catalog numbers of reagents.
In this way, previous work can be confirmed with the exact same
condition and conclusions can be drawn basing on solid experiment
results.
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