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Abstract: The inflammatory bowel diseases (IBD) are comprised of
two major phenotypes, Crohn’s disease (CD) and ulcerative colitis
(UCQ). Research over the last couple of years has led to great advances
in understanding the inflammatory bowel diseases and their underlying
pathophysiologic mechanisms. From the current understanding, it is
likely that chronic inflammation in IBD is due to aggressive cellular
immune responses to a subset of luminal bacteria. Susceptibility to
disease is thereby determined by genes encoding immune responses
which are triggered by environmental stimuli. Based on extensive
research over the last decade, there are several new and novel pathways
and specific targets on which to focus new therapeutics. The following
review summarizes the current view on the four basic tenets of the
pathophysiological basis of IBD and its implications for therapies of
IBD: genetics, immune dysregulation, barrier dysfunction and the
role of the microbial flora.
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Research over the last couple of years has led to great
advances in scientific discovery and has expanded our
understanding of inflammatory bowel diseases (IBDs) and
their underlying pathophysiological mechanisms. Studies
have provided evidence that IBD is a result of a genetic
predisposition that leads to a mucosal immune regulatory cell
defect, barrier defects, and susceptibility to environmental
triggers, including luminal bacteria and specific antigens. In
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addition to new findings in IBD pathogenesis, new targets
have been identified that can be used to treat IBD. Novel
therapeutics now consist of monoclonal antibodies, small
molecule inhibitors, peptides, and vaccines. In an attempt to
avoid chronic steroid usage, to prevent disease progression,
and to eliminate the need for surgery, significant therapeutic
progress has been achieved during the last few years.

Despite these advances, however, only a small percent-
age of patients benefit from these novel therapies, and clear
limitations of the new therapeutic approaches exist. In
considering the overall population, even the most novel
therapeutics approved for treatment or in late-phase develop-
ment have limited efficacy. In terms of biologics, particularly
monoclonal antibodies, attenuation and loss of efficacy over
time secondary to the induction of antibodies to the
therapeutic monoclonal are significant issues. In response to
infliximab treatment, for example, several trials have dem-
onstrated up to 61% induction of self-antibodies. Further-
more, most biologics are effective only in subpopulations of
patients. Therefore, it appears that there is need for the
development of additional strategies.

The most intriguing question is, how do we find novel
targets for therapeutic development and how to investigate
their optimal efficacy? Several genetic loci on various chromo-
somes have been shown to be linked with IBD. The vast
majority of these are related to Crohn’s disease (CD), but
recently, some loci associated with ulcerative colitis (UC) have
been reported. The 2 associations, including NOD?2 variants
and /BD35-associated organic transporter gene (OCTN), which
have been substantiated in multiple studies, are functional
variants within genes that are critically important for the host
sampling of commensal bacterial populations. One approach
for future research would be to identify the specific genes
within chromosomal regions and to define the pathways that
are affected.

Based on extensive research over the last decade, there
are several new and novel pathways and specific targets on
which to focus new therapeutics. The following review
summarizes the 4 basic tenets of the pathophysiological basis
of IBD: genetics, immune dysregulation, barrier dysfunction,
and the role of the microbial flora (Fig. 1). Very recent
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FIGURE 1. The 4 basic tenets of IBD pathogenesis: genetics,
immune dysregulation, microflora, and barrier dysfunction.

findings are summarized, and potential new targets and strat-
egies are identified that may be relevant to improve future
treatment of IBD.

GENETICS

Although familial aggregates have been described in
CD, susceptibility genes for CD were not be detected before
2001, when 2 independent groups reported variations of
the NOD2 gene on chromosome 16 associated with CD
(Table 1)."? The main CARDI5/NOD2 mutations (R702W,
G908R, and 1007fs) are present in some phenotypic sub-
groups of patients.® Strictures, early onset of disease, and/or
fistulas are more common in patients carrying the NOD2
variants. In addition, Crohn’s ileitis appears to be more fre-
quent and UC-like manifestations are less frequent in patients
with these NOD2 variants.” >

The available data on CARDI5 and disease mecha-
nisms in IBD remain controversial. NODI and NOD2 both
recognize distinct motifs found in the peptidoglycan of
bacteria and have a role in signalling of innate defense
responses in the host.® Activation of NOD1, NOD2, and Ipaf
results in nuclear factor (NF)-kB and caspase activation,
followed by an increase in the production of proinflammatory
cytokines and innate immune responses through the activa-
tion of NF-kB. The cytoplasmic detection system mediated
by NODs likely plays a key role in host defense in those
tissues in which Toll-like receptors (TLRs) are absent or
expressed at low levels.” This occurs in epithelial cells that
line mucosal surfaces, for example, in colonic epithelial cells.

NOD? is thought to be important as an intracellular
sensor of bacterial components. It activates NF-kB and
MAPK in response to muramyl dipeptide (MDP), is
expressed in antigen-presenting cells and Paneth cells, and
can be induced in intestinal epithelial cells.*” After activation
by MDP, CARDI15 is able to activate the NF-kB pathway via
a Rick/Rip2 interaction.'® Because NF-kB is a key pathway
in inflammatory responses, CARDI5 is considered a proin-
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flammatory molecule. CARDI15 may also play a role in
apoptosis pathways, but little is known about the proapop-
totic function of the protein, and the mutations seen in CD do
not occur in the CARD domains thought to be important in
caspase 1 activation. Functional data thus far have shown that
NOD?2-deficient macrophages respond normally to TLR
signaling and that NOD2 mediates MDP enhancement of
TLR signaling.'' In addition, NOD2 is required for MDP
responses in vitro and in vivo and has a critical role in
Listeria infection via the oral route. As a bacterial sensing
system, CARD15/NOD? also regulates a-defensin expression
in Paneth cells and therefore may have a role in limiting
mucosal invasion by bacteria present in the gut lumen.'?
NOD2 mutations associated with CD result in a
protein product that no longer interacts with MDP.'*> Even
though the implications of these findings are not fully
understood, it appears likely that a lack of bacterial sensing
through a loss of interaction between mutant NOD2 and
MDP contributes to the pathophysiology of CD. It is
conceivable that a loss of surveillance activity by NOD?2
may result in the inability of local responses in the intestinal
mucosa to control bacterial infection. A consequence may be
the initiation of systemic responses that lead to uncontrolled
inflammation. The most common mutant in NOD2 associated
with CD is a frame-shift mutation that results in a truncated
molecule lacking the terminal leucine-rich repeat. In vitro
studies have used ectopic expression of this mutant protein to
show that it no longer functions to sense the NOD2 ligand
MDP.'* However, the mutant molecule can still activate the
NF-kB pathway when overexpressed, demonstrating that it
still retains some function. Other data show that cells derived
from NOD?2 frame-shift mutation patients no longer detect
NOD2- or NOD2-activating agonists.'® Recent findings
suggest that CD patients carrying this mutation in NOD?2
have overall defects in peptidoglycan sensing.'’> These data
that show a “loss of function” mutation contrast with recent
data describing the phenotype of a knockout-knock-in mouse
with a mutation in NOD2 homologous to the major frame-
shift mutation in human CD.!® In these mice, increased

TABLE 1. IBD Loci

Chromosomal Linked
Locus Region Disease Gene References
IBD1 16 (16q12) CD  NOD2/CARDI5 ‘2%
IBD2 12 (12q13) UuC > CD ? 189,190
IBD3 6 (6p21-p23) CD, UC HLA region, TNF  '9192
IBD4 14 (14ql11—ql2) CD ? 193
IBD5 5 (5q31-q33) ~ CD OCTN1/2? 27,194
IBD6 19 (19p13—ql13) CD, UC Card8? 195
IBD7 1 (1p36) CD, UC 2 196
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