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Abstract

The pathogenesis of inflammatory bowel diseases (IBDs)
seems to involve a primary defect in one or more of the
elements responsible for the maintenance of intestinal
homeostasis and oral tolerance. The most important el-
ement is represented by the intestinal barrier, a complex
system formed mostly by intestinal epithelial cells (IECs).
IECs have an active role in producing mucus and regu-
lating its composition; they provide a physical barrier ca-
pable of controlling antigen traffic through the intestinal
mucosa. At the same time, they are able to play the role
of non-professional antigen presenting cells, by process-
ing and presenting antigens directly to the cells of the
intestinal immune system. On the other hand, immune
cells regulate epithelial growth and differentiation, pro-
ducing a continuous bi-directional cross-talk within the
barrier. Several alterations of the barrier function have
been identified in IBD, starting from mucus features up
to its components, from epithelial junctions up to the
Toll-like receptors, and altered immune responses. It re-
mains to be understood whether these defects are pri-
mary causes of epithelial damage or secondary effects.
We review the possible role of the epithelial barrier and
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particularly describe the role of IECs in the pathogenesis
of IBD.
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INTRODUCTION

Inflammatory bowel diseases (IBDs) - mostly represented
by Crohn’s disease (CD) and ulcerative colitis (UC) - are a
group of inflammatory disorders of the gastrointestinal
tract characterized by an abnormal immune response to
antigens of the intestinal content that leads to a persistent
inflammatory state!’!,

Intestinal homeostasis in healthy subjects is ensured
by a complex system called “intestinal barrier”, a dynamic
structure that separates intestinal contents from the host
tissues, regulates nutrient absorption and allows interac-
tions between the resident bacterial flora and the mucosal
immune system.

The intestinal barrier is composed of a thick mucus
layer containing antimicrobial products, a monolayer of
intestinal epithelial cells IECs) and an undetlying set of
cells (mesenchymal cells, dendritic cells, lymphocytes and
rnacrophages)[z].

IECs are exactly at the centre of this system because
of their anatomical and functional position: on the lumi-
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nal side they secrete and regulate the composition of the
mucus layer, while on the basolateral side they interact
and cross-talk with the underlying cells.

By putting the IECs at the centre of the barrier sys-
tem we can divide it into an “upper barrier” and a “lower
barrier”. The former constitutes a physical barrier, which
prevents bacterial adhesion and paracellular diffusion
to the underlying host tissues, and a functional barrier,
which is able to discriminate commensal bactetia from
pathogens; the latter operates by regulating antigen traf-
fic through an intensive cross-talking with immune cells
of the lamina propria (Figure 1A).

Given the importance of the epithelium in intestinal
immune regulation mechanisms, it is clear how defects
at one of these levels could be the primary pathogenetic
mechanism that causes the loss of oral tolerance and
therefore the establishment of an inflammatory response
against luminal antigens, as happens in IBDs (Figure 1B).

Our purpose is to review the state of the art in un-
derstanding the key role played by IECs within the epi-
thelial barrier system, in both healthy subjects and IBD
patients.

THE UPPER BARRIER

The “upper bartier” is the intestinal epithelial single layer
of columnar cells consisting of four IEC types: the absor-
bent enterocytes, the goblet cells, the Paneth cells and the
enteroendocrine cells”. Upper bartier features are similar in
small and large bowel. The main difference is constituted by
the presence of elevations and projections (circular folds,
villi and microvilli) in duodenum, jejunum and ileum that
allows the increase of the absorption surface. This is not
observed in the colon, which instead shows a flat surface.

Amongst the mucous membrane protrusions termed
villi, there are inflections called crypts of Lieberkiihn,
which are distinct glandular invaginations.

Enterocytes are the most representative type of cells,
which present finger-like projections, known as microvilli.
These arise on the luminal side of the cells, constituting
the so-called buffy coat, and are completely coated by gly-
cocalyx and joined by apical junctional complexes, which
prevent the entry of pathogens by keeping the cells tight.

In addition, the enterocyte monolayer is interrupted
by the presence of goblet cells, secreting mucus, and by
the presence of enteroendocrine cells that produce pep-
tide hormones. These hormones are involved in cellular

trophism, tissue repair, angiogenesis, enterocyte differen-
tiation and polarization along the crypt-villus axis.

The epithelial cells derive from multipotent stem cells
located at the base of the crypts. When these cells reach
their maturity, they migrate toward the top of the villus,
whete aged cells are expelled in the intestinal lumen.

In the depth of the crypts there are also the Paneth
cells that have regulatory functions since they produce
antimicrobial peptides - called defensins - which consti-
tute an inducible system against pathogens.

Hence, it is clear that the epithelial layer represents
an anatomical and functional barrier, an upper interface,
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Figure 1 The epithelial barrier system. A: Normal epithelial barrier; B: Inflam-
matory bowel disease (IBD) epithelial barrier. TLR: Toll-like receptors; MyD88:
myeloid differentiation factor 88; TJ: Tight junctions.

which is needed to maintain the whole intestinal homeo-
stasis.

Evidence demonstrates that impairment of the up-
per barrier plays a key role in the pathogenesis of IBD.
In fact, alterations of the mucus layer, disabled epithelial
junctions, increased permeability and a defective produc-
tion of antimicrobial peptides have been observed in CD
as well in UCH.

Mucus layer

The upper barrier presents a mechanical external pro-
tection, which consists of a thick mucus layer (about
150 pum) synthesized by goblet cells and full of several
molecular peptides. The latter allow mucus to act as a
chemical boundary, preventing pathogen invasion.

The most important role of mucus in protecting the
mucosa is carried out by its viscosity, due to the concom-
itant presence of glycosylated mucins and trefoil factors
(TFFs) which modulate the defensive properties of the
mucus layer, most likely through the check of mucin
polymerization and by trapping microbes, which would
otherwise be conveyed by the peristaltic process'”. TFFs
are a family of small, yet abundant, secreted proteins
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which maintain the epithelial continuity and restitution’.

Furthermore, Mashimo e «/”! demonstrated that
mice lacking intestinal trefoil factors (ITF) had impaired
mucosal healing and died after oral administration of
dextran sulfate sodium (DSS).

Taken together, these findings highlight the central
role for TFFs in the maintenance and repair of the intesti-
nal mucosa.

As mentioned previously, mucus is composed of a
large and complex variety of molecules. The most repre-
sentative element is mucin, a glycoprotein encoded by the
MUC2 gene and synthesized by goblet cells. Another im-
portant component is constituted by trefoil factors (mainly
TFE3), which are small protease-resistant peptides, secret-
ed together with the mucin by the same kind of cells™. A
recent finding demonstrates that TLLR2 activation induces
synthesis of TFF3 which protects the inflamed mucosa
during acute intestinal injury, such as 1BD".

The other constitutive elements of the mucus are se-
cretory immunoglobulins, especially sIgA, produced by
B lymphocytes; antimicrobial peptides such as defensins
and lectins, secreted by Paneth cells; antimicrobial prote-
ase inhibitors, synthesized by epithelial cells; and entero-
cyte hydrophobic phospholipids®™'”.

In IBD, a substantial reduction of trefoil factors,
which leads to the production of less viscous mucus, has
been found. This fact proves that mucus viscosity and not
its thickness, as thought previously, is the most important
factor in the protection of the epirheliumm. For instance,
in CD we observe goblet cell hypertrophy with an increase
of mucus production and a weakness of antimicrobial ac-
tivity of defensins and peptides'”.

UC is instead characterised by a reduction of MUC2
expression, by a thinning of the mucus layer and by a
decreased goblet cell number. Despite this, UC is often
clinically represented by a mucus diarrhea, because of a
worsening of mucus quality, probably due to an accumu-
lation of non-glycosylated mucin'’

These alterations could lead to a lessened capability
of the mucus layer to limit antigenic traffic and bacterial
translocation in the lamina propria, but it is still to be clari-
fied if they are primary defects or secondary effects of the
inflammatory state! .

Epithelial junctions

The absorbent IECs regulate intestinal permeability through
the epithelial junctions, by limiting access of microbes to
host tissues and mediating the antigenic traffic from the lu-
men to the lamina propria, where antigens are processed,
presented and eliminated. The junctions consist of desmo-
somes, adherent junctions (AJs) and tight junctions (TJs),
necessary for maintenance of intercellular adhesion and to
regulate paracellular transport”.

The adhesive junctional complexes are characterized
by transmembrane proteins that interact with adjacent cells
and with intracellular adaptor proteins, which are linked to
the cytoskeleton. All together they form a connecting net-
work!"”,

The most representative structute of AJs is formed by
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cadherin-catenin interactions, which not only connect the
junctional complex to the cellular cytoskeletal network but
also help to maintain cell polarity by regulating epithelial
migration and proliferation”*"”,

A dysfunction of AJ proteins has been described
and consists of a down-regulation of E-cadherin, which
weakens intercellular adhesion. This could be responsible
for promoting intestinal inflammation, such as in BD",
However, the most important impact on IBD pathogen-
esis seems to be the impairment of the tight junctions”o].

The tight junctions, located at the apical end of the in-
tercellular space, consist of a complex structure composed
of different proteins, such as hyperphosphorylated oc-
cludins, proteins of the zonula occludens and proteins of
the claudin family™”. Far from being static structures, tight
junctions are highly regulated by cytokines, which play a
central role in modulating intestinal barrier function.

Recent studies have showed that proinflammatory
cytokines, such as interferon (IFN)-y and tumor necrosis
factor (INF)-a, induce a downregulation of the con-
stituent proteins of the tight junctions, mainly zonula oc-
cludens-1. This phenomenon can produce an actin-cyto-
skeletal disarrangement. Probably these proinflammatory
cytokines induce internalization of the apical-junctional
complex due to an increase in macropinocytosis of the
tight junction proteins” ",

Other recent studies have demonstrated that IFN-y and
TNF-q, can cause a reorganization of numerous tight junc-
tion proteins such as zonulin-1, JAM-A, occludin, claudin-1
and claudin-4, increasing intestinal permeabﬂitym].

A downregulation of occludin, claudin-5 and clau-
din-8 has been found in CDj; an upregulation of claudin-2
has been observed in UC. The expression of this pore-
forming protein is due to the stimulation of IECs by
interleukin (IL)-13. This cytokine induces an increase of
battier permeability and promotes the epithelial apoptotic
events in UC*",

However, the extent of defects in the battier is more
significant in UC than in CD, because of an early presence
of apoptotic foci that degenerate into erosion and ulcer-
type lesions, which has already occurred in the mild stage
of disease™”,

Overall, the increase of proinflammatory cytokines
leads to an impairment of tight junctions and consequent-
ly to a loss of bartier function.

Transforming growth factor (T'GF)-f, prototype of
anti-inflammatory cytokines and produced by Th3 regula-
tory cells, can preserve the integrity of the tight junctions
by acting directly on IECs, probably through a cAMP-
dependent mechanism™. Hence, regulatory T cells are
involved not only in suppressing inflammatory responses
but also in preserving the integrity of the tight junctions.

Many studies have shown that TGF-f also plays a role
in epithelial restitution, which occurs after an injury, and its
secretion is promoted by the wounded epithelium itself!!,

Defensins

The intestinal mucosa produces antimicrobial peptides,
called defensins, which contribute to maintaining host im-
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munity and protect from pathological flora. The antimi-
crobial activity of defensins is expressed by the formation
of micropores in the bacterial membranes that cause the
lost of pathogen integrity.

In IBD there is a deficiency in defensin expression;
however it is not clear whether this alteration contributes
to the pathogenesis ot is a secondary phenomenonm]

The gastrointestinal mucosa produces ten types of
defensins that help protect the epithelium from microbes.
They play an important role, especially in protecting epi-
thelial stem cells, thanks to their location in small bowel at
the base of the crypts of Lieberkithn™

Defensins can be differentiated into two groups:
a-defensins and B-defensins. Their type-expression is
modulated along the different intestinal sections. For in-
stance, a-defensins (HD) - especially HD5 and HDG - are
synthesized by Paneth cells positioned in the crypts, while
B-defensins (HBD) are produced by colonic epithelial
cells®*!,

These peptides are produced as pro-peptides, a pre-
cursor form that needs an enzymatic digestion by trypsin
to turn them into their active form. This process is neces-
sary to allow a conformational folding of these proteins,
helpful to accomplish their function.

Evidence demonstrates that in CD there is a defec-
tive expression of HD5 and HDG with a release of non-
functional peptide that forms an unfolded structure, prob-
ably due to a defective enzymatic digestionm]. A decreased
concentration of defensins is responsible for the presence
of a less efficient mucus membrane as a biochemical bat-
rier for pathogenic bacteria.

The cause of deficient defensin production has not
been clearly determined but the NOD?2 signalling pathway
could be involved in this process. In fact, NOD2 recep-
tors are highly expressed in Paneth cells and an association
between NOD?2 gene mutation and a reduced expression
of HD5 mRNA in Paneth cells of CD patients has been
found by Wehkamp e7 a/”". However, it should be pointed
out that the primary cause of the o-defensin deficiency is
due to an epithelial cell loss™.

As stated above, HBD are produced by colonic epithe-
lial cells. The type HBD1 is constitutively expressed in all
subjects and its concentration does not change, in spite of
the presence of inflammatory cytokines or bacteria. In con-
trast, HBD3 and HBD4 are minimally represented in nor-
mal intestinal mucosa and their expression is maintained in
CD, and increased in UC. The most important difference
in IBD patients with respect to controls is provided by
HBD2 production, which is significantly increased in these
patients, especially in active UC. This fact is probably due
to an increase of pro-inflammatory cytokines"”.

Conversely, in CD, it seems that genetic factors induce
a lower expression of inducible $-defensins by means of
a suppression of nuclear factor (NF)-kB, which is caused
by a direct mechanism or a NOD2 mutation™’,

IECs as sentinels of innate immunity: Toll-like receptors
and NOD signaling

The innate immune system is able to recognize a lim-
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ited set of conserved bacteria and viral motifs known
as pathogen-associated molecular patterns (PAMPs),
through pattern recognition receptors (PRRs), including
above all the Toll-like receptors (TLRs) and the nucleo-
tide-binding oligomerization domain (NOD) families.

TLRs are a family of receptors which recognize specif-
ic PAMPs and activate signal transduction through the NF-
kB pathway. As a consequence, a pro-inflammatory cas-
cade initiates to induce cytokine and chemokine genes''
Activation of the TLR pathway occurs through an adapter
molecule, myeloid differentiation factor 88 (MyD88)*>*,

IECs express several members of the TLR family:
TLR2, which recognizes peptidoglycan (PGN), a compo-
nent of the bacterial cell walls of Gram+ bacteria; TL.R3,
a receptor for viral double-stranded RNA; TLR4, which
recognizes lipopolysaccharide (LPS), the major com-
ponent of the outer membrane of Gram- bacteria; and
finally, TLR5, which binds bacterial flagellin. TLR1, TLR3
and TLR4 are all located on the apical surface of 1ECs;
alternatively, TLR5 is restricted to the basolateral surface
of IECs and it is only activated when bacteria invade the
epithe]iurnm

These findings suggest that PRRs are positioned in
order to trigger a response in the event of bacterial pen-
etration of the epithelium. Therefore, pathogens, which
unlike commensals are able to penetrate the barrier, are
recognized by basolateral TLRs". Moreover, TLRs bind
saturated fatty acids in acetylated form, which are essen-
tial for the agonistic activity.

Wolowczuk et al* report that saturated fatty acids
are able to induce the activation of TLR2 and TLR4,
wheteas unsaturated fatty acids - such as PUFAs - inhibit
the TLR-mediated signaling pathway and gene expres-
sion by suppressing NF-kB activation and inflammation.
These data suggest the protective role of unsaturated
fatty acids such as omega-3 and the regulation of im-
mune responses by fatty acid types.

Recognition by TLRs protects against pathogens and
is carefully regulated to shut down a proinflammatory
response to commensal organjsms[41].

An interesting observation is that various TLRs are
also expressed in cells of the adaptive immune system,
such as B and T cells and dendritic cells (DCs), inducing
differentiation and cytokine production, connecting innate
to adaptive immunity. We can consequently consider the
TLRs as a link from upper to lower bartier function.

For all these reasons it is clear that TLRs may have
a dual role. Under normal conditions they maintain oral
tolerance and eliminate pathogens, while in IBD they
can also amplify inappropriate immune responses.

Several polymorphisms of TLRs have been associ-
ated with IBD, such as those of TLR1, TLLR2, TLR4,
TLR5, TLR6 and TLR9. However, the functional effects
of these variants are not well defined™.

Szebeni ¢t a/*! have demonstrated that in IECs of
IBD patients, there is an abnormal production of certain
TLR subtypes with a significant upregulation of TLR2
and TLR4 expression in the inflamed mucosa. These al-
terations could compromise the capability to distinguish
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commensals from pathogens, or amplify inappropriate
immune responses. It is still to be clarified whether this
upregulation is one of the causes of IBD or just one of
the consequences or even a concomitant factor.

NOD? is a gene encoding for a cytoplasmatic protein
(also known as CARD15), which recognizes bacterial
muramyl dipeptide (MDP). This is the major component
of peptidoglycan (PGN) and it is present in both Gram+
and Gram- bacteria. The binding of MDP to NOD?2 re-
sults in the activation of the NF-kB pathway and IL-12
production”.

In recent years researchers have identified a large
number of NOD2 polymorphisms (SNPs) and the most
common are associated with susceptibility to cD™,

It seems that NOD2 variations lead to an impaired
intracellular microorganism recognition and a conse-
quent perpetual nuclear translocation of NF-kB, which
results in an inadequate phlogosis state.

Using transgenic mice, Watanabe e7 al* have demon-
strated that mice overexpressing NOD2 exhibit greatly
decreased IL-12 responses to systemic administration of
PGN but not to LPS, indicating that defects in NOD2
signaling lead to excessive TLR2-dependent inflamma-
tory responses. Indeed, under normal conditions, PGN
from commensal bacteria leads to innate immune re-
sponses, which ate subsequently made weak by NOD2
modulation and other regulatory responsesm]. In the case
of a NOD2 signaling defect, a TLR2-dependent inflam-
matory response cannot be controlled, leading to muco-
sal injuries[sol

Strober’s group demonstrated that mice with cells
with increased NOD2 function have decreased respons-
es to TLR stimulation, resulting in protection against
DSS-induced colitis. They showed that prestimulation
of cells with NOD2 ligand renders them unresponsive
to TLR stimulation, because of an inhibitor of TLR-
induced inflammatory pathways (IRF4)°"*,

Greater understanding of the relationship between
NOD?2 variations and the pathomechanisms of IBD is
required, but recent studies indicate that these mutations
could participate, together with other barrier dysfunc-
tions described previously, in the progression to CD™,

Bacterial-epithelial interactions

TLRs and NOD proteins are also key sensors of bacterial-
epithelial interactions. The intestinal microbiota conttib-
ute to protecting the host against invasions by pathogenic
bactetia, competing for nutrients and stimulating immune
responses, and play a crucial role in correct epithelial cell
development. In return, commensal bacteria derive ben-
efits from this association with the host since they can
inhabit a protected environment from which they receive
nutrients””

Within the bacterial-epithelial interface there is a
continuous cross-talk which is enabled by PRRs; compo-
nents of the mammalian innate immune system continu-
ously sample the composition of commensal communi-
ties. However, only pathogens can activate the innate im-
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mune system since they can survive within host tissues.

A recent study showed that the immune status of the
host can influence the composition of the commensal
community. For instance, in the intestinal epithelium
of Drosophila melanogaster, the dysregulation of NF-kB-
dependent expression of antimicrobial peptides results in
the outgrowth of a pathogenic commensal community"”.

In turn, scientific evidence also shows that com-
mensal bacteria modulate IEC function by inhibiting
the NF-kB pathway, through blocking the ubiquitylation
and degradation of IkB or by hijacking the peroxisome-
proliferation-activated receptor-y (PPARy) pathway'™.

Several pathologic features of IBD suggest that
they derive in part from dysregulated control of bacte-
rial interactions with the mucosal surface. For example,
as reported by Duerkop ¢ al”) demonstrated that IBD
patients exhibit increased numbers of mucosal surface-
associated bacteria. This evidence suggests a failure of
the mechanisms to prevent the microbiota from direct
contact with the surface epithelium.

In 2006, Mizoguchi found that chitinase 3-likel
(CHI3L1), a molecule characterized by a strong bind-
ing affinity to chitin (a polymer of N-acetylglucosamine
richly found in microorganisms), is specifically up-reg-
ulated under intestinal inflammatory conditions; it plays
a pathogenic role in acute colitis by enhancing bacterial
adhesion and invasion into colonic epithelial cells™,

Many studies have investigated the presence of spe-
cific potentially pathogenic microorganisms in the mucosa
of IBD patients; Darfeuille-Michaud ez al’” have demon-
strated the association between ileal CD and adherent-
invasive Escherichia coli (AIEC), not only as secondary
invaders but also as possibly responsible for the initiation
of the inflammatory process.

Moreovert, it was demonstrated that CD-associated
AIEC strains adhere to the brush border of primary ileal
enterocytes isolated from CD patients but not from con-
trols; AIEC adhesion is dependent on type 1 pili expres-
sion on the bacterial surface and on carcinoembryonic an-
tigen (CEA)-related cell adhesion molecule 6 (CEACAMO)
expression on the apical surface of ileal epithelial cells
in CD patients. CEACAMO is up-regulated in intestinal
epithelial cells of CD patients and acts as a receptor for
AIEC adhesion. Finally, this study suggests that AIEC can
promote its own colonization in CD patients, since it is
able to increase CEACAMG expression in infected epithe-
lial cells™.

THE LOWER BARRIER

A continuous epithelium: lymphocytes cross-talking

Recent advances regarding an active role of intestinal
epithelial cells within the mucosal immune system have re-
vealed that they act as non-professional antigen presenting
cells (APCs), activating subsets of T-cells with regulatory
function. On the other hand, lamina propria lymphocytes
are able to influence epithelial cell growth and differentia-
tion along the crypt/villus axis by mediating intercellular
interactions and by secreting cytokines and other fac-
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tors", In IBD patients, the cross-talking between IECs
and mucosal lymphocytes is changed by altered produc-
tion of these factors. This complicated dialogue contrib-
utes to promoting mucosal inflammation.

IECs are able to directly process and present antigens
to lymphocytes by a highly polatized system with apical
antigen sorting, processing and exclusively basolateral
presentation.

IECs do not express conventional costimulatory
molecules such as CD80 and CD86, but express new B7
family members, such as B7h [inducible costimulatory
ligand (ICOS-L)] and B7-H1 [programmed death ligand
(PD-1 L)], as well as several non-classical MHC class Ib
molecules such as MICA /B, HLA-E, and CD1d"**".

By using 7 vitro IEC: peripheral blood T-cells (PBT)
co-cultures, Allez ¢ o™ have demonstrated that intesti-
nal epithelial cells preferentially activate CD8+ regulatory
T-cells, in particular a CD28- and CD101/CD103+ sub-
set, characterized by the biased usage of the T cell recep-
tor (T'CR) V5.1 chain. These data have been confirmed
by the same group 7 vivo by using CD8+ T-cells isolated
from the lamina propria (LP) of healthy subjects.

Hence, under normal conditions, luminal antigens
presented by IECs cause a suppression rather than an
increase of the immune response.

For the activation of the restricted regulatory T-cell
subset, the role is crucial of a unique complex formed
by gp-180 (a CEA family member glycoprotein) and
by CD1d, which bind CD8 and the TCR on the T-cell
surface, respectively. Indeed, blocking gp-180 with a
monoclonal antibody (B9) suppresses the proliferation
of regulatory T-cells”"™. This helps to explain the oral
tolerance and controlled inflammation phenomena.

Results from both iz vitro IEC:PBT co-cultures and
from in vive within the lamina propria of IBD patients
demonstrated a reduced amount of CD8+ regulatory
T cells, that might be linked to glycoprotein gp-180. In-
deed, the frequency of Vf35.1 cells among the LP CD8+
T cells is significantly decreased in IBD patients with
respect to healthy subjects®.

In IBD IECs, especially in CD, the same group ob-
served a defective expression of gp-180, and moreover,
IECs from IBD patients preferentially stimulate CD4+
T-cell proliferation and secretion of IFN-y, through MHC
class T,

In a subsequent study, by using freshly isolated IECs
and lamina propria lymphocytes (LPLs), as well as T84
cell lines, we have correlated SOX9 to CEACAMS gene
expression: SOX9 is able to downregulate CEACAMS.
The former is a transcription factor involved in the dif-
ferentiation of several tissues such as chondrocytes, male
gonads, neural crest and spinal cord glial cells, while the
latter is a member of the CEA family. We speculate that
LPLs, the main soutrce of cytokines within the gastro-
intestinal mucosa-associated lymphoid tissue (GALT),
influence the nuclear translocation of SOX9 in IECs
and consequently the downregulation of the CEA family
member gp-180, together with a lack of activation and/

or expansion of regulatory cells’™*",
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As mentioned previously, the described cross-talk be-
tween epithelium and LPLs has also a role from the stand-
point of IECs, in particular affecting their proliferation
and differentiation along the crypt/villus axis in the colon.
Indeed, starting from the concept that IECs can promote
regulatory T-cell responses in the mucosa, Dahan e al™
have demonstrated that lympho-epithelial interactions oc-
cur and play a role in IBD. By using freshly isolated LPLs
derived from healthy subjects and CD patients, they sug-
gest that cross-talk leads to an enhanced IEC differentia-
tion, a pattern restricted to CD, which seems to involve
the transcription factor CDX2 and PI3K/p38 MAPK
pathways.

Moreover, T84 cells co-cultured with CD LPLs display
a greater increase of differentiation and CDX2 mRNA
levels with respect to normal LPLs.

These data were confirmed 7# vivo, through immunos-
taining both in human colonic mucosa and in RAG1-/-
mice lacking lymphocytes; studies in which an altered

IEC differentiation was observed™*"*"".

CONCLUSION

Our purpose was to review the state of the art in un-
derstanding the key role of intestinal epithelial cells in
maintaining gut homeostasis and the possible role in the
pathogenesis of IBD.

Intestinal epithelial cells, because they act as a func-
tional barrier and as non-professional antigen presenting
cells, represent important elements in the development
and maintenance of immune oral tolerance.

In IBD, we observe a global defect in the mucosal
immune system: barrier function, innate and adaptive re-
sponses.

Two main strands of research on these defects exist:
one is focused on the impairment of the epithelial bar-
rier, the other on defects of epithelial-lymphocyte cross-
talk. In both these lines of investigation, IECs occupy a
prominent place within the complex and dynamic system
of the intestinal barrier. Despite much progress in this
area of research, it remains to be clarified whether de-
fects involving IECs are fundamental or a consequence
of abnormal signals coming from the lamina propria.

A better understanding of these regulatory mecha-
nisms, which allow us to see intestinal epithelial cells at the
interface between an “upper” and “lower” barrier, could
help to identify new therapeutic targets.
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