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Abstract

Inflammatory bowel diseases (IBD) such as Crohn’s disease and ulcerative colitis constitute a
major health problem in developed countries. Moreover, IBD predisposes to the development of
colorectal cancer. The intracellular NOD-like receptor NIrp3 is rapidly emerging as a crucial
regulator of intestinal homeostasis. This innate immune receptor mediates assembly of the
inflammasome complex in the presence of microbial ligands, triggering caspase-1 activation and
secretion of IL-1f and IL-18. Recent studies suggest that defective Nlrp3 inflammasome signaling
in the gut contributes to IBD through increased permeability across the epithelial barrier and the
induction of detrimental immune responses against invading commensals. Here, we review and
discuss recent advances of the role of the NIrp3 inflammasome in colitis and colon tumorigenesis.
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NIrp3in inflammatory bowel disease: for or against?

Crohn’s disease (CD) and ulcerative colitis (UC) represent major remitting and relapsing
inflammatory disorders of the gastrointestinal tract and are characterized by chronic
inflammation, abdominal pain, rectal bleeding, diarrhea and malnutrition 1. In addition,
these inflammatory bowel diseases (IBDs) constitute major risk factors for the development
of colorectal cancer 2, thus being responsible for significant health-related costs in the
Western world. These ailments differ from each other in location. CD usually starts in the
terminal ileum, although it may affect any part of the gastro-intestinal tract. In contrast,
inflammation is typically limited to the colon and rectum of UC patients 3. Moreover,
pathological lesions associated with UC are restricted to the mucosal layer of the gut lumen,
whereas CD patients typically present with transmural inflammation 3. Although the precise
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etiology of CD and UC remains unclear, aberrant immune responses against commensal
microflora are widely thought to underlie IBD 3:4. Multiple receptors of the extracellular
interleukin (IL) receptor and Toll-like receptor (TLR) families are expressed on epithelial
and immune cells in the gastrointestinal tract and have been implicated in IBD (Figure 1).
The biology of these receptors and their roles in IBD are discussed elsewhere ®. More
recently, single nucleotide polymorphisms (SNPs) in the gene encoding the NOD-like
receptor (NLR) family member Nlrp3 were linked to CD susceptibility 6. NIrp3 is a
cytosolic platform protein that assembles the inflammasome, a protein complex that is
responsible for the proteolytic maturation and secretion of the pro-inflammatory cytokines
IL-1p and IL-18 /=9, The latter molecules induce inflammation and participate in epithelial
repair and healing processes through recruitment and activation of immune cells and by
inducing the production of pro-inflammatory cytokines, chemokines and growth factors 10,
Consequently, the Nlrp3 inflammasome plays crucial roles in regulating a variety of
inflammatory and autoimmune diseases. However, the precise roles of the NlIrp3
inflammasome in IBD are still debated. Early studies suggested IL-1 and I1L-18 production
to contribute to intestinal inflammation 11714, However, the concept of inflammasome
signaling being detrimental in IBD is being reevaluated based on recent reports suggesting
that NIrp3 inflammasome-induced production of IL-1f and IL-18 confers protection against
colitis and colitis-associated tumorigenesis 119, Here, we review the current understanding
of how the NIrp3 inflammasome regulates integrity of the intestinal mucosal barrier under
homeostatic conditions and discuss its role in shaping the immune response to commensal
microbiota during colitis and colitis associated-tumorigenesis.

NLR signaling in IBD

NIrp3 and the related NLR proteins Nod1 and Nod2 are emerging as crucial regulators of
inflammatory responses against commensal microflora in the gut. Notably, the genes
encoding Nod1 and Nod2 are mutated in 15-20% of patients suffering from IBD 20-22,
Similar to extracellular TLRs and IL receptors, Nod1 and Nod2 activate the transcription
factors NF-kB and AP-1 in Paneth cells, epithelial cells and professional antigen-presenting
cells #. The peptidoglycan fragments iE-DAP and muramyl-dipeptide (MDP) from Gram-
positive and -negative bacteria activate Nod1 and Nod2, respectively,through binding to the
carboxy-terminal leucine-rich repeat (LRR) motifs of these pathogen-recognition receptors
(Figure 2). This triggers recruitment of the adaptor proteins RICK and CARD9, resulting in
K63-linked ubiquitylation and activation of NF-kB and MAP kinase signaling cascades *.
These pathways culminate in the transcriptional activation of genes encoding cytokines,
chemokines and a variety of pro-inflammatory mediators that activate cells of the innate and
adaptive immune system. In addition to activating NF-xB, Nod1 and Nod2 were recently
shown to regulate autophagy by recruiting the autophagy determinant Atg16L1 to the
plasma membrane 23, Interestingly, polymorphisms in the gene encoding Atg16L1 represent
another major risk factor for the development of CD 2425, Moreover, Nod2 mutations that
are associated with CD caused defective Atg16L1 recruitment and autophagy induction,
suggesting that CD-associated polymorphisms in Nod2 and Atg16L1 might affect
autophagy induction via mechanisms distinct from the role of Nod2 in regulating NF-xB
activation 23, As described above, a body of recent reports identified NIrp3 as a third NLR
family member that is associated with IBD. Unlike Nod1 and Nod2, however, Nirp3
activation triggers assembly of a cytosolic caspase-1-activating protein complex referred to
as the ‘inflammasome’.

Composition and activation of the NIrp3 inflammasome

NIrp3 (also known as Nalp3, Cryopyrin, CIAS1, PYPAF1 and CLR1.1) is an 1016 amino
acid protein transcribed from NLRP3 which is located on chromosome 1q44. Mutations in
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NLRP3 underlie a variety of autosomal-dominant periodic fever syndromes known as
familial cold autoinflammatory syndrome (FCAS), Muckle-Wells syndrome (MWS) and
chronic infantile neurological cutaneous and articular syndrome (CINCA) 26:27, The protein
has a domain architecture characteristic of all NLR members, comprising a centrally located
NOD motif, flanked at the carboxy-terminus by an array of 12 leucine-rich repeat (LRR)
motifs that are believed to be involved in modulating NIrp3 activity and sensing microbial
ligands and endogenous alarmins 4. At the N-terminus, NIrp3 contains a pyrin domain that
allows homotypic interactions with the adaptor protein apoptosis-associated speck-like
protein containing a CARD (ASC). This bipartite pyrin/CARD adaptor protein bridges the
interaction between NIrp3 and the cysteine protease caspase-1 28, Together, Nirp3, ASC and
caspase-1 form a large (>700 kDa) multi-protein complex called the “inflammasome” that is
sufficient to trigger activation of the caspase-1 under certain in vitro conditions 2 (Figure
2). Once activated, caspase-1 processes the precursor forms of IL-1p and IL-18 to generate
the biologically active forms of these pro-inflammatory cytokines 430,

Activation of the NIrp3 inflammasome in cultured macrophages is achieved with millimolar
concentrations of ATP provided the cells are pre-exposed to TLR ligands such as
lipopolysaccharide (LPS), to bacterial or viral nucleic acids, or to fungal cell wall
components 4:8:9:30=32 ATP triggers opening of the non-selective cation channel of the
purinergic P2X7 receptor. The shellfish toxin maitotoxin and the bacterial ionophore
nigericin can substitute for ATP in the activation of caspase-1 via Nlrp3 8. Studies in mice
with a gene-targeted deletion in Nlrp3 demonstrated that NIrp3-dependent caspase-1
activation is stimulus-dependent under physiological conditions 8931, The Nlrp3
inflammasome is responsible for caspase-1 activation in macrophages and dendritic cells
infected with Staphylococcus aureus & and plays a crucial role in the host response against
influenza virus 33735 and the fungal pathogen Candida albicans 3638, The NIrp3
inflammasome also drives the inflammatory response in skin keratinocytes exposed to
various skin irritants such as ultraviolet B irradiation and chemicals inducing contact
hypersensitivity 939, Alzheimer’s disease-associated amyloid deposits and medically-
relevant crystals such as monosodium urate, calcium pyrophosphate dihydrate, crystalline
asbestos and silica all induce NIrp3-dependent activation of caspase-1 in LPS-primed
macrophages %30, Also aluminum adjuvant activates the NIrp3 inflammasome and
subsequent release of IL-1p and IL-18 in LPS-pretreated macrophages %41, However, the
role of the NIrp3 inflammasome in alum adjuvanticity and antibody production is
controversial 4243,

Inflammasome effector genes are risk alleles for IBD

Decreased secretion of the inflammasome cytokine IL-1p was noted in MDP-stimulated
myeloid cells of CD patients 44746_ In addition, polymorphisms in the genes encoding the
inflammasome effector I1L-18 and the IL-18 receptor accessory protein correlate with
increased susceptibility to CD 4748, These interesting observations raised the possibility that
inflammasomes might play a crucial role in IBD. Indeed, a recent study found that SNPs in
regulatory elements of Nlrp3 strongly associated with increased susceptibility to CD
development in humans 6. These polymorphisms led to decreased NIrp3 expression and
correlated with downregulated I1L-1p production from LPS-activated monocytes that were
homozygous for the risk alleles 6. These studies suggested diminished expression of IL-1p
and IL-18 to be linked to susceptibility to IBD. However, the molecular chain of events
linking decreased IL-1p and IL-18 secretion to CD and UC development remained unclear.
Understanding the mechanisms by which IL-1 and IL-18 levels modulate gut homeostasis
is of particular importance because elevated IL-18 expression in cells of the intestinal
mucosa was also observed in affected regions of the diseased gut of CD patients 49:%0,
Similarly, increased IL-1f expression in the inflamed mucosa of patients with CD or UC has
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been noted 1. Thus, it appears that homeostasis of the intestinal epithelium is highly
sensitive to the expression levels of the inflammasome effectors IL-1p and IL-18, and
deregulated expression (culminating in either increased or decreased protein levels) of these
cytokines might severely affect the susceptibility of the gastro-intestinal tract to IBD. This
might explain why secretion of these inflammatory cytokines is tightly controlled by a two-
step process involving NF-xB-dependent transcription of their messengers and the
proteolytic maturation of their cytosolic precursors by the inflammasome machinery 28:30
(Figure 2).

The NlIrp3 inflammasome in homeostasis of the intestinal epithelium

The crucial role of the NIrp3 inflammasome in regulating gut homeostasis was strengthened
by recent studies examining the molecular mechanisms by which Nirp3, ASC and caspase-1
control integrity of the intestinal epithelium and modulate immune responses to microbiota
in the gut during experimental colitis. While a complete surrogate model displaying all
clinical features of human IBD is not available, various mouse models of experimental
colitis that are useful for examining important aspects of human disease have been
developed 52. The dextran sodium sulfate (DSS) model is one of the most extensively used
to investigate innate immune mechanisms of colitis. Oral administration of this chemical is
directly toxic to the colonic epithelium 53 and triggers inflammation by disrupting the
compartmentalization of commensal bacteria in the gut 5. The clinical features of the DSS
model include loss of body weight, diarrhea, rectal bleeding and mortality.
Histopathological analysis typically reveals extensive crypt and epithelial cell damage,
significant infiltration of neutrophils and macrophages, tissue edema and ulceration 18,

Notably, NIrp3~~ mice were found to be more susceptible to DSS-induced colitis 15:17:18,
These mice also suffered from increased sensitivity to body weight loss, diarrhea, rectal
bleeding and mortality in the acute 2,4,6-trinitrobenzene sulfonate (TNBS)-induced colitis
model 1718, Similar to NIrp3 ™~ mice, deficiency in the inflammasome proteins ASC and
caspase-1 caused greater colitis-associated lethality and more severe histopathological
changes during both the acute and chronic phases of DSS-induced colitis 1°16:18, Thys,
activation of the NIrp3 inflammasome following cytotoxic assaults on the intestinal
epithelium might trigger repair responses characterized by increased division of stem cells at
the base of crypts to replace damaged enterocytes °°. Concurrently, decreased proliferation
of epithelial cells lining the gastro-intestinal tract was noted in NIrp3~7~and caspase-1 7~
mice during acute colitis 18, Defective IL-1p and 1L-18 production downstream of the Nlrp3
inflammasome activation hampered these repair mechanisms and led to increased
permeability of the gut epithelium as evidenced by the retrieval of significantly higher
FITC-dextran levels in serum of DSS-fed NIrp3~~and caspase-1~~micel86, Increased
permeability of the epithelial layer in the gut of NIrp3 7~ and caspase-1~/~ mice was also
apparent from the systemic dispersion of gut microbiota in animals of these genotypes 16:18,

In addition to an increased transmural permeability, colonic crypts of NIrp3~/~ mice were
shown to exert reduced antimicrobial activity, which correlated with altered expression of
colonic defensins 17. Defensins are a family of short peptides with bactericidal activity.
Their secretion by cells of the colonic crypt represents a crucial mechanism for guarding
homeostasis of the intestinal epithelium as illustrated by the observation that diminished
expression of these antimicrobial compounds also occurs in CD patients °7:%8. However,
whether the NIrp3 inflammasome modulates defensin expression directly or downstream of
IL-1p and/or IL-18 secretion remains to be determined. Regardless, these observations
indicate a key role for the Nlrp3 inflammasome in protection against colitis. Notable in this
regard is that mice lacking caspase-1 were consistently found more susceptible to colitis
than Nlrp3-deficient mice, suggesting that additional NLRs may regulate caspase-1
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activation. Indeed, a recent study showing that activation of the NlIrc4 inflammasome in the
gut also confers protection against colitis-associated colon tumorigenesis .

NIrp3 activation in cells of the intestinal tract

Because NIrp3 is expressed in both immune and epithelial cells 0, bone marrow chimera
mice were used to determine the cellular compartments contributing to NIrp3
inflammasome-mediated protection against colitis. NIrp3 signaling in non-hematopoietic
cells was concluded to be crucial because expression of NIrp3 18 and caspase-1 16 in these
cells prevented the aggravated disease symptoms seen in DSS-administered NIrp3~/~ and
caspase-1~/~ mice. This effect is likely to originate from intestinal epithelial cells because
activation of inflammatory and repair signaling pathways in these cells was previously
demonstrated to play a crucial role in protection against colitis 5461, However, a crucial role
for NIrp3 inflammasome signaling in epithelial cells does not imply that its activation in
myeloid cells doesn’t contribute to protection against colitis. In this regard, reconstituting
NIrp3-deficient mice with wild type bone marrow was recently shown to confer resistance
against colon tumorigenesis in the chronic azoxymethane (AOM)/DSS model®. This
suggests that NlIrp3 inflammasome activity in radiosensitive cells of the lamina propria may
also contribute to protection against chronic colitis. It is thus likely that, depending on
spatiotemporal parameters, inflammasome activation in cells of the epithelial layer and the
lamina propria may variably contribute to homeostasis of the gut epithelium and protection
against colitis. In support of this model, colitis-associated tumorigenesis was recently
demonstrated to be more severe in caspase-1~/~ mice relative to animals lacking caspase-1
in either the epithelial or myeloid compartments, respectively 9.

The inflammasome cytokines IL-18 and IL-18 protect against colitis

Previous work demonstrating a crucial role for the inflammasome effectors IL-1p and IL-18
in repair and restitution of the ulcerated epithelium is in agreement with the “epithelial
guard’ hypothesis for the NIrp3 inflammasome discussed above 2. Once secreted,
inflammasome-matured IL-1p and IL-18 might exert their functions through ligation of their
respective receptors expressed on intestinal epithelial cells and local immune cells in the gut.
Such role for IL-18 is supported by data showing that 1118/~ and 1118r1~/~ mice are hyper-
susceptible to DSS-induced colitis, which is associated with higher mortality rates and more
severe histopathological changes in these mice 3. Similarly, 111r~~ mice also show
increased intestinal damage and histopathology during DSS-induced colitis 84. Finally, DSS-
induced colitis is more severe in mice lacking the adaptor protein MyD88 4:65:66 \hich is
required for the production of IL-1p and IL-18 as well as for signaling downstream of their
respective receptors. These observations suggest that defective production of IL-1p and/or
IL-18 may underlie the DSS-susceptibility phenotypes of NIrp3~/~ and caspase-1~/~ mice.
Rescue experiments involving exogenous administration of recombinant IL-18 to DSS-fed
caspase-1~~ mice provided direct evidence for the crucial role of IL-18 in mediating the
effects of the NIrp3 inflammasome during colitis 16:18,

Noteworthy, the results from the gene-deleted mouse models described above are sometimes
in conflict with reports using biochemical approaches for neutralization of caspase-1 and
IL-18. For instance, studies using the chemical caspase-1 inhibitor pralnacasan suggested a
detrimental role for this protease in DSS-induced colitis 14:67:68, |n contrast, four recent
studies reported caspase-1~/~ mice to be hypersusceptible to DSS-induced colitis

15,18,56,69 _ gimilarly, experiments in 1118/~ and 1118r1~/~ mice suggested a beneficial role
for 1L-18 production during DSS-induced colitis %3, whereas 1L-18 neutralization with
recombinant IL-18 binding protein 11 and IL-18 antibodies suggested a detrimental role for
IL-18 12, In addition to differences in experimental design, characteristics inherent to
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biochemical neutralization and gene-deleted mouse models may have contributed to the
different outcomes. Chemical and biochemical inhibitors are ideal for therapeutic
intervention in patients, but they are unlikely to achieve a complete and enduring
neutralization of the desired target throughout the body. Moreover, they may suffer from
off-target effects that could influence disease outcome. On the other hand, gene-targeted
deletion in mice is a surer approach for removing the protein under study and therefore
generally considered a more elegant approach to study gene function. However, disease
outcome in knockout mice might also be influenced by a number of parameters including
the protocol used to induce gut inflammation, the genetic background of the mice and the
composition of their gut microbiota. This may explain why one recent study proposed
NIrp3~/~ mice to be protected from DSS-induced colitis’®, while four other studies showed
a hypersusceptible response in these mice 15718,

From a broad perspective, a protective role for Nlrp3 during colitis is more aligned with
other findings. Firstly, polymorphisms leading to decreased NIrp3 expression are associated
with increased risk for developing CD 8. Secondly, mice lacking other inflammasome
components (NIrc4, ASC and caspase-1) 15719:59, the inflammasome substrates IL-1f and
IL-18 3 or their cognate receptors®3:64 were all found to be more susceptible to DSS-
induced colitis. Finally, deletion of the adaptor protein MyD88, which is required for both
the production of the caspase-1 substrates IL-13 and 1L-18 as well as for signaling
downstream of their respective receptors, renders mice hyper-susceptible to DSS-induced
colitis 94:65:66_ Thus, both genetic evidence from IBD patients as well as experimental colitis
studies using mice lacking signaling molecules in inflammasome pathways indicate a
protective role for the NIrp3 inflammasome in IBD. As described later, this model is further
supported by the observation that inflammasome signaling is required for protection against
colitis-associated tumorigenesis.

The NIrp3 inflammasome in colitis-associated tumorigenesis

Inflammation is generally considered a beneficial host response to injury and infection.
However, chronic intestinal inflammation is increasingly recognized as a risk factor for the
development of colorectal cancer and IBD patients are at increased risk of developing
colorectal cancer 71, Recent studies implicate defective NLR activation in priming the
intestinal mucosa for increased cell proliferation and tumorigenesis. For instance, defective
Nod1 signaling aggravates permeability of the intestinal epithelium during colitis and
promotes development of colitis-associated tumors 2. Moreover, polymorphisms in Nod2
are linked with increased susceptibility to gastrointestinal tumorigenesis /3. Although
genetic linkage studies for NIrp3 are currently lacking, its association with increased
susceptibility to CD development ® prompted analysis of its role in colitis-associated
tumorigenesis 1519, As a result of elevated inflammatory responses and destruction of the
epithelial barrier, NIrp3 =~ mice suffered from increased dysplasia and tumor formation
when subjected to the widely used azoxymethane (AOM)/DSS tumorigenesis model 12:19,
Similar observations were noted for mice with targeted deletions in the inflammasome
components ASC and caspase-1 1519, confirming a crucial role for the NIrp3 inflammasome
in protection against colitis-associated tumorigenesis. Despite the crucial role intestinal
epithelial cells play in protection against colitis-associated inflammation 16:18 bone marrow
chimera studies demonstrated a major role for the hematopoietic compartment in protecting
against colitis-associated tumorigenesis 1°. As already discussed, this suggests that the
intestinal epithelium and local immune cells are important for protection against colitis and
colitis-associated tumorigenesis at different stages of disease progression.

What is the mechanism by which the Nlrp3 inflammasome regulates colitis-associated
tumorigenesis? Several lines of evidence point to IL-18 as the main effector of this process.
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Firstly, IL-18 exerts anti-tumor effects in a number of experimental tumor models of
sarcoma and melanoma 4='7_ It inhibits tumor growth and angiogenesis /880 and promotes
repair and restitution of ulcerated epithelium 16:19:62 Secondly, I1L-18 production is
significantly reduced in colons of DSS-fed 16:18 and AOM/DSS-treated NIrp3 7 ~and
caspase-1~7mice 1519, Thirdly, administration of recombinant I1L-18 markedly reduces
disease progression in AOM/DSS-treated caspase-1~~mice 1°. Finally, colons of AOM/
DSS-treated 11-18 7~ and 1118r1~~ mice recapitulate the increased tumor burdens seen in
mice lacking NIrp3 or caspase-1 19:81, Notably, unlike in the caspase-1-deficient mice,
AOM/DSS-treated 111r1 =~ mice contain similar numbers of intestinal polyps as their wild-
type littermates 81, These observations suggest a crucial role for IL-18 production
downstream of the NIrp3 inflammasome in protection against colitis-associated neoplasia.
They also suggest that while IL-18 promotes enterocyte proliferation to repair chemically-
induced injury of colonic epithelium, it inhibits hyperplasia during chronic stages of colitis.
This apparent discrepancy might be explained by differential roles of IL-18 during the acute
and chronic stages of colitis (Figure 3). During acute phase of disease, IL-18 might
contribute to restoring epithelial barrier integrity by inducing controlled proliferation of stem
cells at the crypt base and turnover of damaged epithelial cells. This prevents systemic
dispersion of commensal microflora and the induction of exaggerated inflammatory
responses. However, during remission and chronic stages of colitis, IL-18 may inhibit
epithelial cell proliferation in neoplastic regions of the colon epithelium. This might be
achieved, at least in part, through the induction of IFN-y production because the production
of IFN-y is markedly reduced in colons of AOM/DSS-treated NIrp3 7~ and caspase-1~7~
mice 19, IFN-y mediates its effect through the IFN-yReceptor (IFN-yR)-mediated
phosphorylation and nuclear translocation of the transcription factor STAT1 (Figure 3).
Consistent with deregulated IFN-y signaling, phosphorylated STAT1 levels were markedly
reduced in colons of AOM/DSS-treated caspase-1~~ mice, but restored upon stimulation
with either IFN-y or IL-18. In agreement with a biphasic role for NIrp3-mediated IL-18
production in colitis-associated tumorigenesis, a recent report described a biphasic role for
IFN-y during DSS-induced colitis with promotion of intestinal epithelial cell proliferation at
early stages and induction of anti-proliferative responses at later stages 82.

Concluding remarks

Our understanding of the biological mechanisms underlying IBD has markedly improved in
recent years with the discovery of the major roles of the NLR proteins Nod1 and Nod2 in
CD and UC 20-23, Further progress in understanding the mechanisms underlying IBD was
achieved with the discovery that SNPs in the gene encoding NIrp3 linked with increased
susceptibility to CD 6. As discussed above, the previously held model of inflammasome
signaling being detrimental during colitis 67:83=86 is being revisited in light of an important
number of recent observations that suggest a protective role for this pathway during colitis
and colitis-associated tumorigenesis 87. IL-18 production especially is emerging as a crucial
effector mechanism by which inflammasomes confer protection against colitis-associated
inflammation 16:18 and neoplasia 19:81. IL-18 may possibly exert these effects by modulating
permeability of the intestinal epithelium 16:18  the production of antimicrobial peptides 17
and the activation levels of the tumor suppressors IFN-y and STAT1 19, respectively.
Undoubtedly, further insight into the complex roles NLRs and inflammasomes play in
regulating IBD severity will be gained by detailed characterization of the cell types involved
and the signaling mechanisms operating downstream of 1L-18. Further progress may open
up new strategies to preventing and treating IBD-associated inflammation and colorectal
tumor development in the context of chronic inflammation.
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Box 1
The NIrp3 inflammasome in maintenance of the colonic barrier

The mucosal immune system faces the challenging task of existing in peaceful
coexistence with the commensal flora, while defending the host against pathogens.
Initiation of inflammatory process is therefore thought to be due to a breach in the
epithelial barrier. Deterioration of the mucus layer of the colon is prominent in patients
with IBD, and mice having defective epithelial barrier function have been shown to be
susceptible to develop colitis. Therefore, maintaining epithelial barrier integrity is crucial
factor for protection against IBD development. Recent studies demonstrated that NlIrp3-
inflammasome deficient mice are susceptible to colitis, and this is because of, at least in
part, increased epithelial barrier damage 18. Compromised epithelial barrier in Nlrp3-
inflammasome defective mice was evident by increased translocation of commensal
bacteria into colon tissue and their dissemination in other organs like MLN, spleen and
liver 16:18_ permeability assay using FITC-dextran further confirmed that there is
increased colonic epithelial damage in Nlrp3-deficient mice during acute colitis induced
by DSS 18,

Epithelial damage induces a localized repair response characterized by increased division
of stem cell at the base of crypts to replace damaged enterocytes 2°. Proliferation assay
using BrdU and Ki67 staining revealed that the inflammasome-deficient mice have
decreased proliferation of epithelial cells in colon during acute DSS colitis 16:18, These
results led to postulate that Nlrp3 inflammasome plays crucial role in maintaining
epithelial barrier by promoting proliferation of epithelial stem cells 18. Further
investigation on the molecular basis of NIrp3-mediated protection of epithelial barrier
suggests that of the two cytokines downstream of the Nlrp3 inflammasome, 1L-18 is
crucial for epithelial protection 15:16:18 1t was shown that during DSS induced colitis
IL-1p is barely increased, while IL-18 is induced in several folds 12:16:18 Previous
studies also documented that I1L-18 is expressed in epithelial cells of colon of CD patients
49,62 Moreover, 1L-18 has been shown to play role in proliferation of epithelial cells and
repair response of damaged epithelia 62:63, Therefore, IL-18 production by the Nirp3
inflammasome in colonic epithelia was identified as a crucial mediator of repair of the
mucosal barrier and protection against DSS-induced colitis 16:18. Our understanding on
exactly how 1L-18 promotes epithelial proliferation and repair is currently lacking.
However, our work also demonstrated that IFN-y and its downstream STAT-1 signaling
pathway are abrogated in NIrp3-inflammasome-deficient mice in a manner dependent on
IL-18, which was initially described as IFN-y-inducing factor 1°. IFN-y is an important
cytokines that regulates proliferation and repair process and involved in protection
against colitis 82. It is also possible that IL-18 or IFN-y downstream of inflammasome
regulates several other cytokines and factors involved in proliferation, survival and repair
process.
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Abbreviations

CD
IBD
IL
LPS

Crohn’s disease
Inflammatory bowel disease
interleukin

lipopolysaccharide

MDP muramyl-dipeptide

NLR
DSS
TLR

NOD-like receptor
dextran sodium sulfate
Toll-like receptor

TNBS 2,4,6-trinitrobenzene sulfonate

uc
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Figure 1. Host-microbe interactions in the gut and development of IBD

The intestinal epithelial barrier protects underlying mucosal tissues from commensal
bacteria present in the gut lumen. In healthy individuals, a state of immune tolerance exists
that allows nonpathogenic microbes to live in the gut without any detrimental immune
response. Dendritic cells residing in the intraepithelial spaces and lamina propria sample
commensal bacteria and induce a regulatory immune response, which provide tolerance to
commensal flora. In susceptible hosts, the epithelial barrier is compromised allowing
commensal bacteria to invade lamina propria and mucosa. Infiltrated bacteria interact with
macrophages, dendritic cells and neutrophils via innate recognition receptors such as Toll-
like receptors (TLRs) and NOD-like receptors (NLRs). Activation of innate immune
receptors induce the production of proinflammatory cytokines and chemokines which
further recruit myeloid derived immune cells to the infected tissue accelerating
inflammatory response and leading to the development of inflammatory bowel disease.
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Figure 2. TLRs, NLRs, and inflammasome signaling pathways

Intestinal epithelial cells and antigen presenting cells (APC) sense the pathogen or pathogen-
associated molecular patterns (PAMPS) through pattern recognition receptors TLRs and
NLRs. Interaction of PAMPs with cell surface bound TLRs leads to activation of
transcription factor NF-xB via effector molecule MyD88. NLR family members NOD1 and
NOD?2 sense intracellular presence of bacterial cell wall component peptidoglycan (PGN).
Direct or indirect ligand recognition by NOD1 and NOD?2 induces the recruitment of RICK,
which further activates NF-kappa;B and MAP kinases. The NF-kB and MAP kinase
pathways are the major signaling pathways that induce the expression of pro-inflammatory
cytokines. Another cascade of signaling is mediated by NLR NLRP3, which senses a
plethora of microbial and nonmicrobial patterns in the cytosolic compartment and forms a
multiprotein complex with ASC and caspase-1called the inflammasome, in which ASC
bridges the CARD domain of caspase-1 with pyrin domain of NIrp3 through homotypic
interaction of CARD and pyrin domains. Inflammasome plays a central role in inflammatory
process by activating caspase-1, and mediating production of pro-inflammatory cytokines
IL-1p and IL-18.
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Figure 3. Model for Nlrp3 inflammasome-mediated protection against AOM plus DSS-induced
colitis and colorectal tumorigenesis in mice

A single treatment of DNA methylating agent azoxymethane (AOM) followed by repeated
exposure of dextran sodium sulphate (DSS) induces chronic colitis and colorectal tumor
formation in mice. Due to injury of the epithelium caused by chemicals, gut microflora
invade the deeper tissue and activate immune cells to produce cytokines and chemokines.
An uncontrolled production of cytokines such as IL-6 and TNF-a, and chemokines like KC,
Eotaxin, G-CSF and MCP induce inflammatory response by recruiting immune cells such as
macrophages, neutrophils and T cells, and helps neoplastic transformation of intestinal
epithelial cells. Immune cells particularly macrophages have profound role in shaping
microenvironment of tumor development. Macrophages produce tumorigenic factors such as
COX2 and MIP2, activates MMPs, and promotes angiogenesis. The NIrp3 inflammasome,
which mediates IL-13 and I1L-18 production, plays a protective role against deregulated
inflammatory response and tumor induction. The beneficial function of NIrp3
inflammasome is mainly exerted by 1L-18, which induces production of IFN-y and its
downstream antitumor signaling through activation of transcription factor STATL1. IL-18-
mediated downstream signals protect epithelial barrier damage, and maintain cellular
proliferation, and regulate inflammatory responses. In the absence of functional
inflammasome, a balance of antitumor signaling shifts towards pro-tumor signaling, such as
STATS3, and to promote developing adenomatous polyps.
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