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Abstract

The human intestine harbors a diverse microbial community consisting of a large number of bacteria
and other micro-organisms that have co-evolved with the host intestinal immune system. During this
process, microbiota and the host immune system shape one another by various mechanisms to achieve
a successful symbiotic relationship. An increasing amount of evidence suggests that dysbiosis—the
breakdown of such harmonized colonization—may result in infectious and inflammatory disorders,
and recent advances in our studies indicate that receptors such as Toll-like receptors and NLR
(nucleotide-binding oligomerization domain-like receptor; or nucleotide-binding domain- and leucine-
rich repeat-containing receptor) proteins that detect micro-organisms and their products play a critical
role in maintaining intestinal homeostasis. In this review, we summarize the role of NLR proteins in the
regulation of intestinal microbiota. NLR proteins belong to a diverse family of cytoplasmic microbial
sensors, mutations of which are involved in various disorders, including inflammatory bowel diseases.
Understanding of the different roles of NLR family proteins in the intestine is, therefore, an important
step towards the development of therapeutics against digestive diseases.
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Introduction

The human gastrointestinal tract is colonized by a diverse
microbial population, consisting of approximate 100 trillion
micro-organisms, including bacteria, fungi and viruses (1). The
major population of intestinal microbiota consists of bacteria,
comprising 500-1000 different species (1, 2). Having a sym-
biotic relationship with the host, the microbiota plays a pivotal
role in both physiological and pathophysiological conditions. In
the healthy human intestine, a constant homeostasis is main-
tained by the stringent regulation of microbial load and the
immune response generated against it. Failure of such a har-
monized balance may result in various pathological conditions
in the intestines. For instance, disruption of the epithelial barrier
by opportunistic infection by resident bacteria or invasion by
pathogenic bacteria may result in infectious diseases. In addi-
tion, the outgrowth of antibiotic-resistant pathogenic bacterial
strains may lead to antibiotic-induced enteritis. The breakdown
of homeostasis by either dysbiosis or dysregulation of immune
responses may, furthermore, increase susceptibility to inflam-
matory bowel diseases (3-5). To minimize such pathological
conditions, the intestinal tract has evolved to regulate microbi-
ota through various strategies that allow a symbiotic relationship

with microbiota and restrict the invasion of micro-organisms
through the epithelial barrier. Innate immune sensors belong-
ing to the cytoplasmic NLR [nucleotide-binding oligomeriza-
tion domain (NOD)-like receptor; or nucleotide-binding domain
(NBD)- and leucine-rich repeat (LRR)-containing receptor] fam-
ily of proteins play an important role in shaping intestinal micro-
biota. Here, we summarize recent advances in the NLR field,
which is critical to understanding infectious and inflammatory
diseases in the intestine as well as systemic inflammatory dis-
eases that are also influenced by intestinal microbiota.

The bacterial community in the intestine: a symbiotic
relationship

The microbiota in the human intestine consists of a complex
and diverse community. The composition and concentration
of intestinal microbiota are regulated by a multitude of factors
such as genetic background, diet and interactions between
commensal and pathogenic bacteria (6). The majority of the
intestinal microbiota is in the large intestine and over 99% of
it is composed of four major bacterial divisions: Bacteroides,
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Firmicutes, Proteobacteria and Actinobacteria (4). The small
intestine harbors significantly fewer bacteria, having loads of
10% and 107® in the proximal and terminal ileum, respectively,
compared with 10" in the colon (4).

This intestinal ecosystem has evolved to allow both host
and microbiota to benefit from the balanced symbiotic rela-
tionship (7). The bacterial flora is assured of a stable habitat,
and, in exchange, it aids host metabolic pathways with an
array of enzymes and other bacterial products (8). The recent
studies on bacterial communities in the intestine and other
organs by the Human Microbiome Consortium confirmed that
commensal flora diversity varies widely even among healthy
individuals (9, 10). In spite of such microbial diversity, the
metagenomic analysis of metabolic pathways demonstrated
that metagenomic carriage of pathways is surprisingly stable
among individuals, suggesting that the whole metabolism by
the microbiota community in any person’s intestines remains
similar (10).

In spite of the host-microbiota symbiotic relationship,
a large array of intestinal micro-organisms can become a
potential threat to the host. The outgrowth of pathogenic
bacteria or opportunistic invasion past the epithelial bar-
rier by resident bacteria should, therefore, be minimized.
Consequently, the human intestinal immune system has
evolved to protect the host tissue from micro-organisms
and simultaneously maintain the symbiotic benefits from the
microbial presence (11). In order to accomplish this complex
task, the host intestinal tract has evolved to be equipped with
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multiple layers of security strategies (Fig. 1). First, the intes-
tine minimizes the number of harmful bacteria by shaping
the microbiota through a symbiotic relationship. The com-
mensal microbiota competes with pathogenic invaders and
thus wards off the latter from colonizing the intestinal tract (7,
12). Second, thick mucus layers composed of mucin glyco-
proteins secreted from Goblet cells create a physical barrier,
which separates bacterial flora and the intestinal epithelial
cells. There are two mucus layers in the colon, of which the
inner attached layer is resistant to bacterial penetrations (13,
14). The small intestine possess only a single layer of mucus,
which minimizes direct bacterial contact with epithelial cells
by creating a barrier of anti-microbial peptides, which are
secreted from epithelial cells and enriched in the mucus
layer (13, 14) (Fig. 1). Third, secreted antibacterial factors
from epithelial cells directly regulate microbiota by their bac-
tericidal activity (Fig. 1). Paneth cells at the base of crypts
of Lieberkdhn in the ileum are a specialized cell type that
produce and secrete multiple arrays of such compounds,
including a-defensins (cryptdins in mice), C-type lectins
such as hepatointestinal pancreatic/pancreatitis-associated
protein (HIP/PAP) in humans, and regenerating gene llly
(Regllly) and RegllIf in mice, lysozyme and phospholipase
A2 (15). Both mice lacking functional a-defensins and mice
carrying exogenous human a-defensin 5 (HD5) have been
shown to display an altered composition within the bacte-
rial community, although the total number of bacteria was
not affected (16). Furthermore, secretion of HD5 has been
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Fig. 1. Epithelial barriers of the intestine. The human intestine has developed multiple strategies to protect the intestinal epithelial cells from
invasion by resident and pathogenic bacteria. Enterocytes, the most abundant cell type in the intestinal epithelium, secrete anti-microbial
proteins such as Regllly. Paneth cells, which are specialized epithelial cells in the ileal crypts, produce abundant anti-microbial compounds
such as a-defensins to regulate bacterial populations. Goblet cells produce mucin glycoproteins, constituents of the mucus layer, where anti-
microbial proteins are enriched and resistance against bacteria is enforced. Sampling of bacterial products by dendritic cells (DCs) through
their dendrites or by M cells via transcytosis leads to antigen presentation to the lymphocytes in Peyer’s patches. This results in the development
of plasma cells, which produce and secrete IgA into the luminal surface of the intestine.



shown to protect the intestine from pathogenic bacterial
infection (17). The antibacterial lectin, Regllly, on the other
hand, can limit the penetration or invasion of bacteria to epi-
thelial cell layers but does not change the overall composi-
tion of luminal microbiota. HD6, secreted from Paneth cells,
does not possess bactericidal activity but still inhibits in vitro
and in vivo bacterial invasion by a unique mechanism. It
has recently been demonstrated that after stochastic bind-
ing to bacterial surfaces, HD6 undergoes self-assembly to
form fibrils and nanonets that surround and entangle enteric
bacteria (18). Fourth, secreted IgA binds to intestinal micro-
organisms, preventing their invasion through epithelial cell
layers. Sampling of intestinal micro-organism products by
dendritic cells leads to antigen presentation to lymphocytes
in Peyer’s patches. This results in the development of mature
|gA-secreting plasma cells in the lamina propria and their
production of IgA, which becomes transcytosed to the lumi-
nal surface of the intestine (Fig. 1).

The NLR protein family

In the intestine and other organs, micro-organisms and their
products are detected by pattern-recognition receptors such
as Toll-like receptors and NLR proteins to elicit initial host
defense responses. NLR proteins in the cytoplasm, consisting
of 22 members in humans and about 34 in mice, are prevalent
in a wide variety of cells, including immune and epithelial cells
(19). NLR proteins play an important role in the recognition and
defense against pathogens or extracellular danger signals
(20, 21). NLRs consist of three domains characterized by
an amino-terminal protein-interaction domain, a central NBD
and a carboxy-terminal LRR (20) (Fig. 2A). NLR proteins can
be subclassified by their amino-terminal protein-interaction
domain into NLRs containing caspase-recruitment domains
[(CARDs) NLRCs], NLRs containing PYRIN domains (NLRPs)
or other NLR family proteins (19) (Fig. 2B-D). Except for NOD1
and NOD2, which are involved in activation of inflammatory
gene expression, several NLRs are involved in the activation
of caspase-1-activating complexes called inflammasomes
(21, 22). These NLRs, including NLRP1, NLRP3 and the
NLRC4, respond to various microbial products or damage-
associated molecular patterns and lead to the release of IL-1-
family inflammatory cytokines including IL-14, IL-18 and IL-33
through the formation of the inflammasome (21, 23). NLRP1
senses the Bacillus anthracis lethal toxin, which is delivered
into the cytoplasm by receptor-mediated endocytosis (24).
NLRP3 senses exogenous and host danger signals such as
pore-forming toxins, extracellular ATP and crystals such as
uric acid, cholesterol, silica, asbestos or alum (25). NLRC4
senses a component of the bacterial type Il secretion system
and bacterial flagellin, which is typically translocated into the
cytosol by a secretion system (26-28). The inflammasome
is a multiprotein complex consisting of NLRs, caspase-1
and the adaptor protein ASC (apoptosis-associated speck-
like protein containing a CARD). Caspase-1, also known
as IL-1p-converting enzyme, mediates the processing of
the pro-form of the cytokines into a mature form, which
results in the secretion of bioactive cytokines. Activation of
the inflammasome also causes a form of programmed cell
death called pyroptosis, which contributes to the elimination
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of pathogens infecting host cells (29). Various NLR proteins,
in both the NLRC and NLRP subfamilies, are involved in the
regulation of intestinal microbiota with various mechanisms
as discussed in the sections below

NOD2-dependent regulation of microbiota in the ileum

NOD2 was one of the first NLRs reported to function as an
intracellular pattern-recognition receptor. NOD2 carries two
CARDs at the amino terminus (30-32) and is thus a member
of the NLRCs (Fig. 2B). NOD2 is highly expressed in den-
dritic cells (33), macrophages (32), intestinal, lung and oral
epithelial cells (34-36), particularly in Paneth cells (37) and to
a lesser extent in T cells (38, 39). Muramy! dipeptide (MDP),
found in both Gram-positive and Gram-negative bacterial
cell walls (40, 41), is recognized by NOD2, allowing for the
detection of a wide variety of bacteria. After recognizing MDP,
NOD2 undergoes a conformational change and activates the
downstream signaling partner receptor-interacting protein 2
(RIP2) (81, 32). Upon activation, RIP2 switches on the down-
stream NF-kB and mitogen-activated protein kinase signal-
ing cascades (42, 43) leading to the induction of immune
response genes such as those encoding pro-inflammatory
cytokines and chemokines (44).

NOD2 has recently been shown to play a crucial role
in regulating host-microbe interactions and maintaining
intestinal homeostasis (45-47). The function of NOD2 in
the Paneth cells of ileal crypts is critical in keeping the
bacterial load in the ileum under check (Fig. 3). It was
recently demonstrated that NOD2 is an important regula-
tor of crypt anti-microbial function (45). Stimulation of ileal
crypts by active forms of MDP can induce secretion by
isolated crypts of antibacterial compounds, which can Kill
both Gram-positive and Gram-negative bacteria effec-
tively (45), but the inactive chiral isomer of MDP (MDP_,
or MDP ) does not induce any such bacterial killing activ-
ity. This indicates that Paneth cells induce bacterial killing
activity upon sensing the NOD2 ligand MDP. Interestingly,
Nod2-deficient crypts are also unable to kill bacteria
efficiently upon stimulation by a non-specific secretion
inducer, carbamylcholine. Nod2 is, therefore, important not
only for MDP sensing in Paneth cells but also for a gen-
eral effect on secretion and/or composition of antibacte-
rial factors. lleal crypts lacking Rip2, similarly display an
impaired bacterial killing ability, supporting the idea that
the Nod2-Rip2 signaling pathway is involved in the regula-
tion of Paneth cell function.

In agreement with the critical function of Nod2 in Paneth
cells, it was discovered that Nod2 is one of the critical
factors that effectively regulates the bacterial concentration
or load in the intestine. Nod2-deficient mice with the
congenic C57BL/6 genetic background from the same
parents, kept in the same cages and fed the same diet have
a significantly higher amount of Bacteroides, Firmicutes and
Bacillus (a genus within phylum Firmicutes) in the terminal
ileum compared with their wild-type littermates (45). This
difference is less prominent in the feces probably because
the expression of Nod2 is specific to Paneth cells, which
are mainly localized in the terminal ileum (48, 49). Similarly,
another study found that Nod2-deficient mice have an
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Fig. 2. Structures of NLR protein family. NLR proteins are classified into subfamilies by protein-interaction domains such as CARD or PYRIN.
NBDs [NACHT (NAIP CIITA HET-E TP1) domains or NODs] and LRRs are domains common to all NLRs. Two major subfamilies are the CARD-
and PYRIN-containing subfamilies. (A) Schema of basic structure of NLR proteins. (B) Representatives of the of the NLRC (NLR family, CARD
containing) subfamily proteins. (C) Representatives of the NLRP (NLR family, PYRIN containing) subfamily proteins. (D) An example from the
other NLR subfamily, NAIP5. Birc1e, baculovirus inhibitor of apoptosis protein repeat cle.

increased load of Bacteroides in the ileum and to a less
significant extent in the feces (46). In addition to commensal
bacteria, Nod2 also controls the load of pathogenic bacteria
in the terminal ileum (45). It was found that Nod2-deficient
mice cannot control the colonization of the opportunistic
pathogen Helicobacter hepaticus and showed poor
bacterial clearing capacity compared with wild-type
controls (45). Interestingly, this regulation of ileal bacterial
flora by Nod2 is not unidirectional, as it was found that the
bacterial flora could also regulate the expression of Nod2

and Rip2. Germ-free mice have poor expression of Nod2
and Rip2 in the intestine in comparison with conventional
specific pathogen-free mice with a congenic background.
Additionally, it was found that mono-colonization of germ-
free mice with a single probiotic bacterial strain, such as
Lactobacillus plantarum or Escherichia coli strain Nissle
1917, increased the expression of Nod2 and Rip2. There
is, therefore, a feedback loop in which bacteria-mediated
up-regulation of Nod2 counteracts the bacterial flora to keep
it under control in the ileum. Breakdown in this balanced
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Fig. 3. NOD2-mediated regulation of bacteria by Paneth cells. (A) With functional NOD2, Paneth cells sense bacteria or bacterial antigens and
release anti-microbial peptides, which keep the intestinal flora under control. (B) Deletion of NOD2 or the presence of a NOD2 ‘loss of function’
mutation renders Paneth cells non-functional. Lack of Paneth cell-derived antibacterial compounds leads to dysregulated bacterial colonization

of the intestinal mucosa and breakdown of homeostasis.

relationship can lead to dysbiosis, which is known to underlie
the pathogenesis of Crohn’s disease (CD) (4).

The role of NOD2 in the pathogenesis of ileal CD

The regulatory function of NOD2 on the microbiota is particu-
larly important for human health because NOD2 is associated
with the pathogenesis of CD, a multifactorial inflammatory
disorder of the gastrointestinal tract. Various genetic or envi-
ronmental factors can lead to the breakdown of intestinal
homeostasis and can initiate chronic inflammation, leading
to CD (50). NOD2 was found to be strongly associated with
ileal CD susceptibility in North American and European popu-
lations (51, 52). Three main variants, or polymorphisms, in
the NOD2 gene were identified as risk factors for CD: (i) a
frameshift mutation at position 1007 (1007 fs); (i) a glycine-
to-arginine conversion at amino acid residue 908 (G908R)
and (iii) an arginine-to-tryptophan conversion at amino acid
residue 702 (R702W) (51-53). Although the exact mechanism
by which NOD2 mutations contribute to CD pathogenesis is
still unclear, loss-of-function mutations in NOD2 have been
suggested to alter host-microbe interactions through various
mechanisms, one of them being altered anti-microbial activity
of Paneth cells in the terminal ileum (54). Dysregulated host—
microbe interactions due to NOD2 mutations may increase
the susceptibility to abnormal gut inflammation and, in combi-
nation with other genetic or environmental factors, may result
in the development of active CD (55). In humans, patients

with ileal CD showed reduced levels of the Paneth cell-
derived HD5 and HD6 (56-58). Interestingly, the production
of a-defensins is drastically reduced in CD patients with non-
functional NOD2 mutations (56). Moreover, it was also found
that Nod2-deficient mice have reduced mRNA expression of
Paneth cell-derived a-defensins and are more susceptible to
oral infection with Listeria monocytogenes (44).

The concept of microbial dysregulation and breakdown of
the host-microbe balance behind the development of CD is
very tempting, but an appropriate animal model for pre-clinical
studies had been lacking until recently (59). It has recently
been shown that inoculation of H. hepaticus into Nod2-
deficient mice leads to the development of granulomatous
inflammation of the ileum, providing a new ileal CD model that
has many similarities with CD in human patients. Moreover,
Nod2-deficient mice were protected from H. hepaticus-
induced ileal inflammation after the restoration of Paneth cell
bacterial killing activity, supporting the idea that Nod2 function
in Paneth cells is critical in preventing intestinal inflammation.
Nod2 is, therefore, necessary for normal Paneth cell function,
which, in turn, plays a vital role in maintaining the normal
microbial population and gut homeostasis. The significance of
Paneth cells for ileal CD has been underscored recently by the
observations that a number of CD-associated genes including
ATG16L1 and XBP1 are involved in the regulation of Paneth
cell anti-microbial function (60, 61). The functional association
between ATG16L1 and NOD2 has also been shown (62-65).
Moreover, it was found that polymorphism of the Wnt signaling
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pathway transcription factor, TCF4, which orchestrates Paneth
cell differentiation, is genetically associated with ileal CD (66).
Therefore, Paneth cell-mediated ileal microbiota regulation
plays a vital physiological role against the development of
pathological conditions like CD.

NLRP6-dependent regulation of microbiota

NLRP6 carries a PYRIN domain at its amino terminus and thus
belongs to the PYRIN-containing NLR protein family (Fig. 2C)
(19). NLRP®6 is preferentially expressed in the epithelial cells
of various organs such as the urinary bladder, kidney, liver,
lung, duodenum, jejunum, ileum, cecum and colon (67, 68).
In the intestinal tract, NLRP6 is highly expressed in myofi-
broblasts and epithelial cells but not in CD45* hematopoietic
cells (68, 69). NLRP6 can associate with caspase-1 via the
adapter ASC, activating caspase-1, which can cleave pro-
IL-1p and pro-IL-18 to produce their mature forms.

It was recently demonstrated that NIrp6 is critical for
regulating the microbiota in the colon (68). Metagenomic
microbiota analysis of feces (i.e. study of overall bacterial
genetic material recovered directly from feces) using mul-
tiplex pyrosequencing revealed that Nirp6-deficient mice
carry altered microbiota. In particular, nine genera belong-
ing to four phyla (Firmicutes, Bacteroidetes, Proteobacteria
and TM7) were significantly altered. An unnamed genus in
Prevotellaceae (within Bacteroidetes) was most significantly
increased in Nirp6-deficient mice, followed by the phylum
TM7 and the named genus Prevotella within Prevotellaceae.
On the other hand, members of the genus Lactobacillus in
the Firmicutes phylum were reduced. Moreover, electron
microscopic studies disclosed aberrant colonization of the
crypts of Lieberkihn by bacteria with morphologic features of
Prevotellaceae. Interestingly, the altered microbiota is asso-
ciated with the colitis-prone phenotype of Nlrp6-deficient
mice. At steady state, Nlrp6-deficient mice and mice defi-
cient for the downstream adaptor Asc exhibit colonic crypt
hyperplasia, changes in crypt-to-villus ratios in the terminal
ileum and enlargement of Peyer’s patches with the forma-
tion of germinal centers. Furthermore, Nirp6-deficient mice
are highly susceptible to colitis induced by dextran sodium
sulfate (DSS) (67-69). Mice deficient in molecules down-
stream of NIrp6, either Asc or caspase-1, exhibited a simi-
lar phenotype of susceptibility to DSS, indicating that the
NIrp6-Asc—caspase-1 pathway is involved in the regulation
of colitogenic microbiota. This colitis-prone phenotype is
transmissible to wild-type mice via co-housing, indicating
that altered microbiota in Nirp6- or Asc-deficient mice can be
transferred to other strains. Although caspase-1 can activate
both IL-18 and IL-18, it was determined that IL-18 plays a crit-
ical role in the regulation of microbiota downstream of Nirp6
because IL-18- but not IL-1p-deficient mice could transfer a
colits-prone phenotype to wild-type mice via co-housing. It
appears that the regulatory role of microbiota is dominated
by NIrp6, as mice deficient for Nirp3, Nirp4, Nirp10, Nirp12
or Aim2 (absent in melanoma 2; also involved in the inflam-
masome formation) did not transfer microbiota with increased
colitogenic properties to wild-type mice via co-housing. The
altered microbiota in NlIrp6-, Asc- or IL-18-deficient mice
resulted in the increased production of chemokine (C-C motif)

ligand 5 (Ccl5) in intestinal epithelial cells, which accounts for
the colitis-prone phenotype. Indeed, Ccl5-deficient mice do
not exhibit severe DSS-induced colitis even upon co-housing
with Nirpé-deficient mice.

These studies demonstrate the striking property of Nirp6-
mediated regulation of colitogenic microbiota by the Nirp6-
Asc—caspase-1-IL-18 axis. This is underscored by the fact that
the genes for NIrp6, Asc and IL-18 are similarly up-regulated
during development in the intestine (70). The most intrigu-
ing, yet unanswered, questions are the molecular mechanism
of NIrp6 activation in the intestinal epithelium and what its
ligand is. Interestingly, the altered microbiota is also associ-
ated with another disease entity—non-alcohol fatty liver dis-
ease (NAFLD). Mice that are co-housed with Nirp6-deficient
mice (or mice deficient for Asc, capase-1, IL-18 or NIrp3) and
are fed with a methionine—choline-deficient diet (MCDD; this
exacerbates NAFLD) developed a more severe NAFLD-like
pathology than wild-type mice on an MCDD, including hepatic
steatosis, inflammatory cell infiltration and fibrosis (71), pro-
viding further supportive evidence that changes in intestinal
microbiota may affect susceptibility to systemic disorders.

NOD1-mediated regulation of microbiota

It was recently shown that commensal bacteria in the ileum
are regulated by Nod1, which detects the diaminopimeric
acid-containing moiety of bacterial peptidoglycan (72).
In  Nod1i-deficient mice, the whole bacterial kingdoms
detected by quantitative PCR on bacterial 16S ribosomal DNA
increased approximately 100-fold. Specifically, Clostiridiales
and Bacteroides and the smaller group of Enterobacteriaceae
expanded 100-fold. A small expansion of segmented
filamentous bacteria, which are potent inducers of Peyer’s
patch function, was also observed in Nod1-deficient mice.
Interestingly, the development of isolated lymphoid follicles
(ILFs) and crypt patches, both of which are major lymphoid
organs in the intestine in addition to Peyer’s patches, is affected
significantly in Nod1-deficientmice and mildly in Nod2-deficient
mice and Myd88-deficient mice (Myd88 signals downstream
of Toll-like receptors and IL-1/IL-18 receptors). This reduction
is probably through the chemokine receptor CCR6, which is
required for ILF formation because one CCR6 ligand, murine
p-defensin 3, is induced by Nod1 activation and another
CCR®6 ligand, CCL20, is expressed in a Nod1-dependent
manner in crypt patches. An impaired crypt-patch—-ILF system
may, therefore, account for the altered microbiota in Nod1-
deficient mice. Interestingly, lymphotoxin pR-Ig-treated mice,
which lack ILFs, showed a milder phenotype compared with
Nod1-deficient mice, suggesting that there may be alternative
mechanisms as to how Nod1 deficiency affects microbiota
(73). Comparing the microbiota and intestinal homeostasis
among mice of different genetic backgrounds can greatly affect
experimental outcomes (73). The aforementioned phenotype
of Nod1-deficient mice, therefore, needs to be verified in a
more controlled experimental setting, ideally using littermate
control mice on a congenic background.

Conclusions

Recent advancements in the NLR field have revealed the
critical function of NLR proteins in the intestine. Interestingly,



the mechanisms whereby NLR protein activation regulates
microbiota varies, despite similar molecular structures of
NLRs. Although NOD2 plays a critical role in ileal Paneth
cell function, NLRP6 regulates colitogenic bacteria via IL-18
secretion. Because NLRs are such a diverse protein family,
it is tempting to speculate that other NLR proteins may also
play a role in the regulation of intestinal microbiota. Although
recent National Institutes of Health funded, multicentered
human mirobiome studies have shown that personal habits
and genetic makeup are major factors that affect variations
of the bacterial community among individuals, we are still a
long way from understanding how a particular microbiome is
established under the influence of certain foods, host genetic
factors and immune systems. Further studies on the function
of NLR proteins and other elements of the innate immune
system in the intestine will be pivotal for our understanding
of human intestinal microbiota and of intestinal inflammatory
and infectious diseases.
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