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Inflammatory bowel disease:
recent advances on genetics and innate immunity

Theodoros Karantanos, Maria Gazouli

University of Athens, Greece

Abstract

The chronic inflammatory bowel diseases (IBD), Crohn’s disease and ulcerative colitis, are
recognized as important causes of gastrointestinal disease in children and adults. Insight into
IBD is advancing rapidly owing to a plethora of investigations into intestinal inflammation in
animal models , advances in the interrogation of diseases inherited as complex genetic traits,
and the development of methods to define the composition of the intestinal microbiota. These
advances offer a better understanding of the genetically determined interplay between the
commensal microbiota, intestinal cells and the immune system, and the manner in which
this interaction might be modified by environmental factors in the pathogenesis of IBD. The
present review highlights recent advances in IBD research.
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Introduction

The two clinically distinguished forms of inflammatory
bowel diseases (IBD), Crohn’s disease (CD) and ulcerative
colitis (UC), are chronic remittent or progressive inflamma-
tory diseases, which affect the gastrointestinal tract or only the
colonic mucosa respectively. It is believed that both genetic
and environmental factors contribute to the pathophysiology
of IBD. Studies in the early 1990s proved that interleukin
(IL)-2,IL-10 and T-cell receptor (TCR) mutant mice develop
IBD-like enterocolitis [1] whereas blockage of tumor necrosis
factor (TNF)-a ameliorates the severity of inflammation.
Recent studies focus on the interactions between human
intestinal microbiota and the mucosal immune system and
the manner in which a variety of environmental and genetic
factors modify these relationships [2,3]. Another important
aspect in the pathophysiology of IBD is the role of the innate
immune system and its relationship with the commensal
microbiota and the adaptive immune system. Finally it is
believed that IBD is likely the result of a continuum of diseases
that range from monogenically inherited familial forms to
sporadic forms which are polygenic in origin and strongly
influenced by environmental factors. Recent studies on the
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genetic influence of IBD revealed a variety of immunologi-
cal pathways critical in the pathogenesis of these disorders.
These include autophagy and unfolded protein response
which play an important role in the interactions between
host and highly complex microbial communities within the
intestine. It seems that the interaction between intestinal
microbiota and particularly some components of it, and the
immune system are critical in the pathogenesis of IBD, but
are influenced by a variety of environmental factors and the
genetic background. This review concludes with the most
recent discoveries concerning genetics and innate immune
interactions in the pathophysiology of IBD (Fig. 1).

Genetic basis of IBD

The first person who mentioned that IBD tended to occur
within families was Crohn in the 1930s [4]. It was also known
that IBD exhibits pathologic similarities to intestinal infections
such as those derived from Mycobacterium Mycobacterium
tuberculosis, suggesting a potential environmental and im-
munological component [4]. Today IBD is believed to be a
polygenic disorder and is familial in 5-10% of individuals and
sporadic in the remainder [5]. It is known that phenotypic
concordance between monozygotic twins is more frequent
in CD (50-75%) than in UC (10-20%) suggesting that he-
reditability is more important, the relevant environmental
exposure is more common or that copy number variations
and epigenetic differences between twins are less frequent
in CD [5]. Although the relative risk for UC in monozygotic
twins is lower than that observed in CD this does not rule
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Figure 1 Factors implicated in the pathophysiology of inflammatory bowel disease (IBD).

out a critical role for genetic factors in the pathophysiology
of UC as well.

Recent studies suggest that mutations in genes, important
for the maintenance of intestinal homeostasis between the
immune system and commensal microbiota, are critical to
the pathophysiology of IBD. However, despite the existence
of different genotypes among various populations there is a
similarity in the clinicopathologic phenotype and in the re-
sponse to various treatments suggesting that the variety of risk
loci contribute to a limited number of phenotypic pathways
in the pathophysiology of IBD. It is also known that the loci
identified to date represent only 10% of the overall variance
of potential disease risk [6], suggesting that the phenotype
of IBD may be due to the interaction between hundreds or
thousands of common single nucleotide polymorphisms of
minor biological impact [7] or/ and that the phenotype is
attributed to the effects of rare variants with profound impact
[7]. In other words, we believe that IBD is a syndrome of
overlapping phenotypes that involves variable influences of
genetic and environmental factors. Considering this model,
at the two polar extremes are the polygenic disease, in which
the environmental exposure is of central importance relative
to genetic factors and the monogenic disease. This latter in-
terpretation explains the existence of some “more” Mendelian
forms of IBD like a familial form of early-onset CD, due to
homozygous mutations in either ILIORA or ILI10RB which
encode subunits of the IL-10 receptor [8].

Recent studies have helped to define a variety of path-
ways involved in IBD pathogenesis suggesting a variety of

risk-conferring loci, most of them involved in regulation of
innate and adaptive immunity (IL-23R, IL-10, STAT, JAK2),
regulation of inflammation (CCR6, MST1) and regulation
of endoplasmic reticulum (ER) stress and autophagy [X
box binding protein 1 (XBP1), ATG16L1, IRGM] [9-11].
All these pathways seem to affect the regulation of the
immune system and its response to commensal bacteria
and particularly the function of Paneth cells and the pre-
sentation of peptides by innate immune cells to adaptive
immune cells such as T lymphocytes [12]. Interestingly,
autophagy genes (e.g., ATGI6L1), NOD-like receptors (e.g.,
NOD?2) and intelectins (e.g., ITLN1) have been related to
CD whereas loci related to regulatory pathways (e.g., IL-10,
ARPC2) and intestinal epithelial cell function (e.g., ECM1)
are more specific for UC.

Autophagy is the most characteristic example of a genetically-
mediated pathway which is abnormal in IBD. This highly evolu-
tionary conserved procedure represents the digestion organelles
and extracellular bacteria in lysosomes [13]. It is known that
the degradation of the above materials requires the formation
of an autolysosome from the fusion of ER-derived membranes
or autophagosome with a lysosome. This fusion is known to be
regulated from a group of autophagy proteins like ATG. A number
of genes, linked to the pathogenesis of CD including ATGI6LI
and IRGM, are related to autophagy [14]. Recent studies support
that the loss of ATGLI function in mice is associated with CD
and abnormal Paneth cell structure and function [15]. These
structural abnormalities in Paneth cells seem to be related with
exogenous and environmental factors like the presence of non-
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viral infections. This example shows how a particular genetic
risk factor is related to the presence of an environmental factor
in the pathophysiology of IBD.

NOD?2 (nucleotide-binding oligomerization domain
containing 2), also known as the caspase recruitment domain
family, member 15 (CARD15), is an intracellular pattern
recognition receptor and recognizes molecules containing the
specific structure known as muramyl dipeptide (MDP) found
in certain bacteria like Mycobacterium Tuberculosis [16].
The C-terminal portion of the protein contains a leukine-
rich repeat domain known to be critical in protein - protein
interactions. The middle part of the protein is characterized
by a NOD involved in protein self-oligomerization whereas
the N-terminal portion contains two caspase recruitment
domains related to apoptosis and nuclear factor-kappa B
(NF-kB) activation pathways [17]. This protein is primar-
ily expressed in the peripheral blood leukocytes and plays
a critical role in the immune response by recognizing the
bacterial molecules which possess the MDP pathway and
activating the NF-kB protein and finally producing TNFa
(Fig. 2). The NOD?2 gene, located on the long arm (q) of
chromosome 16 in humans, is a member of the NOD1/
Apaf-1 family and has been related to inflammatory diseases
such as IBD and especially CD and graft versus host disease
[18,19]. It is believed that NOD?2 is a negative regulator of TLR2

receptors, which recognize intestinal bacteria. Based on this
observation, the loss of function of NOD2 due to mutations
can lead to lack of mucosal tolerance to the intestinal bacteria
[20]. It is also known that NOD?2 is a regulator of autophagy, a
very important procedure in the pathophysiology of IBD, since
this protein can activate ATG-5,7 and 16L1 [21]. Recent studies
support that NPD2-deficient mice exhibit decreased a-defensin
expression with normal Paneth cell structure [22], suggesting
that NOD2 may regulate Paneth cell function as well. Finally,
it is clear that NOD2 is a very important sensor of bacteria,
especially in intestinal epithelial cells and structural changes
of this protein may influence the innate immune response to
intestinal bacteria and contribute to the pathogenesis of IBD.

Recent studies support that the unfolded protein response
(UPR), a response that occurs as a result of the accumulation
of misfolded or unfolded protein in ER, plays a critical role in
the development of IBD. The highly secretory intestinal cells
respond to the ER stress through a variety of mechanisms for
the maintenance of homeostasis [23]. These mechanisms of UPR
include the induction of chaperons enhancing the secretion of
proteins, chaperons involved in assisting protein folding and the
induction of autophagy [23]. If the ER stress remains unabated
the UPR initiates apoptosis (Fig. 3). It is believed that there are
three distinct pathways for the regulation of UPR. It seems that
the sensing of misfolded proteins in lumen of the ER leads to
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Figure 2 The interactions between NOD?2 and bacterially induced autophagy mediators in a macrophage upon intracellular infection.
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Figure 3 The intracellular consequences of endoplasmic reticulum (ER) stress.

the activation of the transcription factors ATF4 and ATF5. The
second pathway involves the cleavage of the cytoplasmic tail
of the ATFp90 protein whereas the third pathway involves the
recognition of misfolded proteins by inositol requiring enzyme 1
(IRE1) leading to alternative splicing of XBP1 mRNA forming a
transcriptionally active protein which enhances the transcription
of a variety of genes related to UPR [23].

XBP1 has been related to UC and CD in a variety of studies
as a genetic risk for IBD [24]. It is known that XBP1-deficient
epithelia lack Paneth cells due to apoptosis associated with spon-
taneous enteritis and susceptibility to colitis (41x) supporting
that an accurate IRE1-XBP1 system is critical in the maintenance
of homeostasis. Interestingly, it is believed that the activation of
IRE1 in the context of deficient XBP1 leads to increased inflam-
matory tone of the epithelium in response to bacterial antigens
and finally to Paneth cell death [24].

On the other hand, environmental factors, like antibiot-
ics, appendectomy, nonsteroidal anti-inflammatory agents
and smoking are known to have an important effect on the
regulation of the mucosal immune system and on the com-
position and function of the commensal microbiota [25]. It
can be hypothesized that the genetic susceptibility is modi-
fied by these factors mainly through epigenetic changes but
genetic susceptibility can also modify these environmental
factors [26].

In conclusion, IBD is believed to be a polygenic complex
of diseases with a variety of phenotypes. It is known that a
genetically susceptible individual in the proper environment

is at risk for the development of the disease. Therefore, it is
important to understand the connection between the metage-
nome of the host and microbes and the environmental factors
in the pathogenesis of IBD.

Role of the innate immune system
in the development of IBD

The important efficacy of biological factors like TNF-a,
suggest the important role of the innate immune system in the
pathophysiology of IBD. It is believed that IBD is characterized
by impaired immune responses to the intestinal microbiota
and by chronic inflammation of the intestine. Recent studies
underline the important role of innate microbial recognition
by immune and non immune cells in the gut. Interestingly
either diminished or exacerbated innate immune signaling
may trigger the disturbance of intestinal immune homeostasis
leading to IBD and colitis-associated cancer. This phenomenon
may reflect the variety of functional roles of the immune or
non-immune intestinal cells.

It is known that, despite the beneficial roles of intestinal
bacteria in the host’s development, metabolism and defense,
the relationship between them and the host can break down
leading to chronic inflammation. The use of antibiotics which
disrupt the intestinal flora has been related to disease attenu-
ation in some CD patients [27]. It is also interesting that CD
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clinical symptoms tend to develop in the terminal ileum and
colon; the parts of the intestine with the highest bacterial load
[28]. As mentioned above, genetic association studies have
linked pattern recognition receptors (PRR) including NOD2,
NLRP3 and Toll-like Receptors (TLR) [29] that mediate mi-
crobial sensing with the development of IBD. Recent studies
demonstrate the critical role of these innate sensors in the
intestinal homeostasis and in the pathogenesis of intestinal
inflammation and carcinogenesis.

A characteristic histological hallmark of IBD is the disrup-
tion of intestinal epithelium. The processes of differentiation
of intestinal stem cells, proliferation, migration and finally
apoptosis is known to be disrupted in IBD patients resulting
in hyperplasia, goblet cells depletion, enhanced apoptosis and
finally ulceration, dysplasia and carcinogenesis. It is believed
that intestinal epithelial cells (IECs) and intestinal leukocytes
express PRRs and the downstream signaling has the potential
to affect epithelial homeostasis at several levels.

Rakoff-Nahoum et al, in a landmark study published in
2004 proved that mice deficient in TLR, IL-1 receptor and
IL-18 receptor developed significantly enhanced dextran
sodium (DSS) colitis compared with wild-type mice [30].
It can be hypothesized that innate signals can be protective
through a variety of mechanisms including the induction of
antiapoptotic and cytoprotective factors and the promotion
of tight junction formation between IECs [31]. It is also sug-
gested that the innate sensing of intestinal microbiota induce
the recruitment of stromal and myeloid cells to the lamina
propria facilitating the regeneration of the injured epithelium
[32]. Infected trl”, I118r-and Il11r” mice exhibit delayed re-
cruitment of neutrophils and enhanced bacterial overgrowth
in the intestinal mucosa with profound ulceration, bleeding
and mortality [33]. Moreover, the innate sensing plays an
important role in the limitation of bacterial translocation by
inducing the production of antimicrobial peptides like defen-
sins and ReglIly by IECs [34]. Recent studies suggest that the
induction of the production of these antimicrobial agents is
mediated by the activation of NF-kB and PI3-Akt pathways
in IECs. However, it is suggested that a variety of PRR have
a pathological and not a protective role in the pathogenesis
of inflammation. For example Tlr4’ mice develop protective
immunity to Citrobacter rodentium [35].

NOD2 (CARDI15), as previously analyzed, is a macrophage-
specific protein, also expressed in IECs, Paneth cells and T
cells, containing two CARD domains, a large nucleotide
binding domain and leukine-rich repeats. Human genetic
studies have linked polymorphisms in NOD2/CARDI5 with
CD, whereas no correlation to UC has been reported. It is
also known that 93% of these polymorphisms are located in
the leukine-rich repeat region [36], which is involved in the
binding of N-acetyl MDP, part of bacterial peptidoglycan
and N-glycol MDP from mycobacteria. NOD?2 intracellular
signaling is mediated by receptor-interacting serine-threonine
kinase 2 (RIP2), TGF-p activated kinase, IkB and NF-«B [37]
resulting in cytokine and chemokine release. Macrophages
from NOD2”" mice presented decreased IL-6 and IL-12p40
secretion, whereas NOD2”- APCs induce heightened inter-
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feron (INF)-y responses in antigen-specific CD4+ cells [38].
On the other hand, NOD2” mice presented diminished hu-
moral immune responses [38] and active inhibition of IL-10
transcription resulting in decreased TLR ligand - induced
IL-10 production by monocytes [39]. Finally, it is believed
that other altered functions of NOD2 in IECs and Paneth
cells contribute to impaired interactions between intestinal
bacteria and gut epithelium, observed in IBD [38,39].

Recent studies support a role of NOD-like receptor (NLR)
mediated inflammasome activation in maintaining epithelial
integrity [40]. Nlrp3”- mice which lack the inflammasome
signaling component Nlrp3 exhibit enhanced DSS-induced
colitis compared with wild-type mice [41]. These findings are
consistent with a protective role of NRL signaling concern-
ing the inflammatory mucosal damage. Microbial stimuli
and host danger signals like uric acid, extracellular ATP and
reactive oxygen species in the microbe-rich gut all activate the
inflammasome [42] and induce mucosal damage. However
there are findings that do not support the protective role of
inflammasome activation in IECs or immune cells [43].

A critical effector function of inflammasome - mediated
activation of caspase-1 is the production of active IL-1f and
IL-18. It is known that I11r”- and 1118r"- mice exhibit enhanced
DSS-induced colitis compared with wild-type controls [44]
whereas recombinant IL-18 can attenuate the inflammation
supporting the critical role of inflammasome-mediated me-
diator in mucosal repair. However, earlier studies support a
pathogenic role of these cytokines in intestinal inflammation
[45].

These protective for gut TLR and inflammasome signals
in acute intestinal inflammation contrast starkly with the
pathogenic roles of these signals in the 11107 chronic colitis
models. These findings suggest that the failure to regulate TLR/
IL-1R activation of myeloid cells in the presence of a triggering
microbiota can precipitate chronic intestinal inflammation.
The difference in chronic inflammation is that the epithelial
damage is induced by microbiota-driven inflammatory re-
sponse mediated by tissue leukocytes. It is clear that PRR and
cytokine signaling play a protective role in the acute phase of
inflammation promoting restoration of epithelial barrier and
a return to homeostasis whereas these mechanisms seem to
induce chronic inflammation and tissue damage.

Interestingly, it is reported that there is increased IL-1p,
TNF-a and IL-6 expression in macrophages and IECs cells
related to increased NF-kB activation in UC, CD and diverticu-
litis but not in uninflamed mucosa [46]. Consistent with this,
A20 (tnfaip3); a potent inhibitor of NF-kB signaling, has been
associated with CD as well as other immune-related diseases
[47]. Another component of TLR and NOD?2 intracellular
signaling, IkB kinases (IKK[) seem to protect from spontane-
ous colitis when expressed in IECs cells probably increasing
thymic stromal lymphopoietin expression induced by intestinal
microbiota. It is also reported that deletion of both IKKa and
IKK results in severe colitis secondary to apoptosis of colonic
IECs supporting the critical role of these cells as part of the
physical barrier and source of antimicrobial peptides. On the
other hand, deletion of IKKp in macrophages and neutrophils



improves colitis in IL-10"" mice supporting an inflammatory
role of IKK{3 when expressed in myeloid cells [46].

Recent studies support the idea that the ER stress in intesti-
nal cells such as goblet cells, IECs cells and Paneth cells caused
by unfolded protein response and accumulation of misfolded
proteins is implicated in the pathophysiology of IBD [48] (Fig.
2). Genetic and environmental pathways (mainly intestinal
microbiota) that increase ER stress appear to be an important
pathway for development of UC and CD [49]. Inositol-requiring
enzyme (IRE1) is believed to activate XBP1 resulting in decreased
ER stress, intestinal cells survival and appropriate function. XBP1
also regulates Paneth cell function whereas deletion of XBP1I
gene results in apoptotic depletion of Paneth cells, reduction in
goblet cells and increased inflammatory responsiveness of IECs
cells to TLR and cytokine signals [50]. Consistent with these
findings, a candidate gene study revealed significant associations
of the complex XBP1 locus with both CD and UC [50]. It is also
known that misfolding form of human HLA-B27 heavy chain
induces ER stress in certain tissues (e.g., stomach, liver, skin,
intestine, joints), correlated with the severity of inflammation
[51]. These observations may explain the high prevalence of
frequently asymptomatic ileitis in patients with seronegative
spondyloarthropathies. Autophagy, as previously reported, is the
major intracellular degradation system delivering cytoplasmic
components to lysosomes, and it accounts for degradation of
most long-lived proteins and some organelles. Cytoplasmic
constituents, including organelles, are sequestered into double-
membraned autophagosomes, which subsequently fuse with
lysosomes. ATG16L1 is a component of a large protein complex
essential for autophagy which is a highly conserved procedure
related to cancer, inflammation and aging [52]. ATGI6L1 has
been proposed as a genetic risk factor only for CD and not for
UC. Stimulation of Atgl611”- mice with LPS leaded to high
production of IL-1p and IL-18 suggesting that ATGI6LI is
related to LPS-induced inflammation [53], whereas deletion
of ATGIG6LI in bone marrow resulted in high susceptibility
to severe colitis [53]. It is believed that impaired ATG16L1
function is related to abnormal granule exocytosis, increased
PPARYy expression and increased leptin and adipocytokines
expression in Paneth cells implicating them in the develop-
ment of intestinal inflammation. It is known that ER stress may
activate autophagy through interactions between IRE1, TNF
receptor-associated factor 2 (TRAF2) and Jun Kinase (JNK)
activation [54]. One the other hand autophagic response can
be triggered by NOD1 and NOD?2 inducing the recruitment of
ATG16L1 to plasma membrane, upon intracellular infection,
bacterially-induced autophagy and consequent induction of
antigen specific T-cells [55]. These observations support the
convergence of several genetic risk factors for IBD (NOD2,
XBPI and ATGI6L1I) on the function of intestinal epithelium
and especially in Paneth cells.

CD as a multifactorial disease is related both to envi-
ronmental and nutritional factors. Latest studies suggest
that impaired B-oxidation in IECs cells is also implicated in
the development of CD [56]. OCTN2 is a Na*- dependent,
high-affinity L-carnitine transporter encoded by Slc22a5 gene
having an important role for transport of long chain fatty acids
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into mitochondria for B-oxidation in IECs cells. The deletion
of Scl22a5 gene in mice was associated with IEC apoptosis,
abnormal villous structure and inflammatory infiltration in
the mucosa [57]. Consistent with this, pharmacological inhi-
bition of B-oxidation also results in spontaneous colitis. It is
hypothesized that the decreased expression of ScI22a5 results
in highly susceptible IEC cells in situations with increased
energy needs, like alterations in microbiota and inflammation.

Natural killer T cells (NKT) responding to phospholipids
and glycolipids, presented by CD1d on an APC, secrete a variety
of Thl, Th2 and Th17 cytokines that trigger almost all the
immune system functions [58]. NKT cells can be activated
by presentation of self- or microbial-derived lipids by the
nonclassical MHC class I molecule CD1d and via IL-12 and
1L-18 secretion [58]. Recent studies revealed the increased
presence of NKT cells expressing CD161 in inflamed lamina
propria of UC but not CD patients [58]. CD1d is known to
be expressed in DCs, macrophages, B cells and IECs. Recent
studies suggest that the expression of CD1d in IEC is protective
upon inflammation while CD1d expression in hematopoietic
cells is believed to play a pathogenic role in IBD development.
Consistent with this, IECs of IBD patients present decreased
CD1d expression [59] whereas CD1d expression in lamina
propria was increased probably due to increased infiltration
of inflammatory cells [60].

The efficacy of anti-TNF antibodies as a treatment for
IBD indicates that TNF is a major factor in the pathogenesis
of these diseases. TNF is located only 1 MB apart from the
MHC locus, associated mainly with UC [61]. TNF is known
to be a transmembrane or soluble protein, which stimulates
cellular activation, proliferation, cytotoxicity and apoptosis as
well, through two receptors, TNFR1 and TNFR2 [62]. Recent
studies suggest that TNF action can lead only to superficial
injury in the absence of B and T cells, required for the devel-
opment of transmural inflammation with granulomas [63].
This superficial pathway of tissue inflammation, common
in CD and UC, involves TNF produced by parechymal and
innate immune cells and action upon TNFRI. It is believed
that the action of TNF on TNFRI1 of mesechymal cells plays
an important role in the regulation of balance between matrix
metalloproteinases (MMP) and inhibitor of MMP (TIMP)
leading to inflammation and intestinal tissue destruction
[64]. Another important role of TNF in superficial inflam-
mation is the stimulation of IEC apoptosis, which seems to
be decreased with the use of anti-TNF antibody.

For the development of transmural inflammation regulated
by IL-12 and INF-y CD8+ and CD4+ T cells are required [65].
TNF secreted by macrophages, Th1 cells and colonic epithelial
cells has also an important role in this type of inflammation,
whereas other cells like adipocytes and Paneth cells contribute
to inflammation within their microenvironments [66]. These
suggestions highlight the importance of TNF secreted from a
variety of cells upon the regulation of T cells for the develop-
ment of transmural inflammation. It is also believed that the
retrograde signaling via transmembrane TNF may distinguish
effective (anti-TNF) and ineffective (TNFR2-Fc) TNF-targeted
therapies in CD [67]. TNF ligand-related molecule 1 (TL1A),
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a TNF-related family member signaling through NF-kB is
produced by monocytes and DCs enhancing INF-y production
by T cells and NK cells [68]. Interestingly, polymorphisms in
TNFSF15 encoding TL1A were found to increase the genetic
risk for CD in Japanese and Korean cohorts [69] making TL1A
an interesting therapeutic target in Asians with IBD.

IL-6 secretion by non-T cells and subsequent action on
T cells and macrophages is increased in IBD. IL-6 signals
through IL-6R on cell surface and soluble IL6R, via binding of
the sIL-6/ IL-6 complex to the receptor  subunit gp130 [70].
The last transmembrane receptor signals either through JAKI,
JAK?2 and STAT3 activation, or STAT1 and NF-«B activation
involving src-homology tyrosine phosphate (SHP2) stimulation
and activation of the Ras-ERK pathway. Recent studies suggest
that IL-6 increases the survival of T cells and macrophages and
deviates T cells from a Treg fate toward an inflammatory-like
Th17 phenotype [71]. Consistent with these observations a
placebo-controlled trial reported benefit of anti-IL6R in CD
whereas STAT3 and JAK2 promoter polymorphisms have
been associated with CD and UC [72]. On the other hand,
IECs express the IL-6R on the basal surface and produce
intracellular signaling via NF-kB activation, which protects
intestinal epithelium from spontaneous ulcerations [73]. It is
also believed that in IBD there is a loss of protective function of
IL-6 in IECs due to impaired STAT1/ STAT3 signaling whereas
there is an increased promotion of inflammatory pathways in
immune cells leading to inflammation and tissue destruction.

It is known that the anti-inflammatory activity of IL-10
is also mediated by STAT3 signaling in macrophages and
neutrophils. The deletion of exon 22 in STAT3 in myeloid
cells was related to spontaneous colitis [74] whereas deletion
of 18-20 exons was related to formation of granuloma-like
structures and crypt abscesses [75]. These observations sug-
gest that the inability of macrophages to respond to IL-10
increases responses to microbial signals (e.g., via LPS) and
consequently leads to severe intestinal inflammation.

Another important cytokine of the innate immune system
is IL-1B produced mainly by macrophages. NALP3 directs
the conversion of procaspase-1 to caspase-1 and generates
secretory IL-1P [76]. Decreased IL-1[ secretion from myeo-
loid cells upon MDP stimulation has been associated with
NALP3 and NOD2 polymorphisms and IBD [77]. These
studies suggest that the impaired innate IL-1 activity could
be a risk factor for development of CD and UC. On the other
hand, IL-1f expression is increased in IBD intestinal tissues
and the administration of anti-IL-1P ameliorates the severity
of colitis [78]. It can be hypothesized that impaired innate
IL-1 response increases the risk for IBD through an adaptive
immune response as IL-1 is known to be implicated in the
expression of Th17 pathways [79].

Conclusions

o The latest studies confirm the complexity of IBD and the
importance of interaction between a variety of factors in
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their pathophysiology.

« It is known that the development of intestinal inflam-
mation requires impaired interaction between intestinal
microbiota, the host’s immune system and environmental
factors.

o Microbial metabolites, inflammatory cytokines and ex-
ogenous factors are implicated in a variety of genetically
impaired pathways.

« Genetic studies, supporting the concept of familial and
sporadic forms of IBD, involve a wide range of biologi-
cal pathways like innate immunity, ER stress, adaptive
immunity, regulation of inflammation and autophagy.

« Latest studies also highlight the importance of impaired
innate immune functions of hematopoietic and non-
hematopoietic cells related to the commensal microbiota
and adaptive immune system.

« Functional analyses of PRR pathways in intestinal homeo-
stasis have revealed a complex picture with evidence for
protective and pathogenic roles.

« PRR signaling should protect the homeostasis whereas
tissue repair and host defense must be preserved.

« It is supported that immune pathology can result from
either impaired or exuberant PRR receptors.

« It is believed that PRR signaling is mainly protective in
acute inflammation and tissue damage whereas it can be
pathological in chronic inflammation.

« Finally, the efficacy of biological therapies like anti-TNF
antibodies supports the above theories and proposes IL-
6, IL-12, IL-23 and other mediators as future potential
therapeutic targets.Careful examination of PRR signaling
networks in different cellular compartments and in acute
and chronic inflammation models is very important in
designing the best therapeutic strategies to restore intes-
tinal homeostasis in IBD.
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