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Abstract

Lymphocytes involved in intestinal immune response are found in organized immune inductive sites
of the gut-associated lymphoid tissues (GALT) such as Peyer’s patches (PP), mesenteric lymph nodes
(MLN) and diffuse effector sites of gut epithelium and lamina propria (LP). B7 integrins are
responsible for efficient trafficking and retention of lymphocytes in these sites. Naive and effector
lymphocytes use a4f37 integrin to extravasate from blood to gut mucosal tissues of GALT, MLN and
LP via interactions with Mucosal Addressin Cell Adhesion Molecule-1 (MAJCAM-1). The ogBy
integrin facilitates retention of effector and memory lymphocytes in the gut epithelial layer via
interactions with E-cadherin. Mucosal dendritic cells (DCs) regulate the expression of the gut homing
receptors oy4p7 integrin and the chemokine receptor CCR9 on activated effector and regulatory
lymphocytes in a retinoic acid-dependent manner. CD103 (ag integrin) identifies a subset of mucosal
DCs in MLN and small intestine LP that have an enhanced ability to induce gut-tropic receptors on
responding lymphocytes. The interactions between B7 integrin and their ligands are also implicated
in the pathogenesis and progression of inflammatory bowel diseases (IBDs), intestinal parasitic
infections and graft-versus-host diseases. During intestinal inflammation, 7 integrin-dependent and
-independent pathways contribute to lymphocytes recruitment to the intestinal tissues and disease
pathogenesis. Recent works have explored the potential of therapeutic targeting of o4 and 7 integrins
in IBDs. Here, we review the current understanding of the role of B7 integrins in intestinal lymphocyte
trafficking and retention in health and disease.
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Introduction

The gastrointestinal tract is exposed to continuous antigenic challenges including food
antigens, bacterial antigens of the normal bacterial flora and pathogens. The intestinal immune
system therefore must be able to defend against pathogens while maintaining tolerance to the
normal bacterial flora and food antigens. Many immune cells interact to achieve this task
including lymphocytes, dendritic cells (DC), macrophages and epithelial cells [1-3].
Lymphocytes involved in intestinal immune response are found in organized immune inductive
sites of the gut-associated lymphoid tissues (GALT) such as Peyer’s patches (PPs), in draining
gut mesenteric lymph nodes (MLNs) as well as in diffuse effector sites of gut epithelium and
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lamina propria (LP) [4]. The trafficking and retention of lymphocytes in these distinct tissue
sites require orchestrated adhesion to vascular endothelium and migration of lymphocytes
through the blood vessel walls. These processes are thought to follow a sequence which
includes lymphocyte rolling, chemokine-mediated activation and subsequent firm adhesion,
followed by lymphocyte transendothelial migration into intestinal tissues. The main cell
surface molecules involved in this adhesion cascade are selectins, chemokines and their
receptors, immunoglobulin superfamily molecules and integrins [5-8].

The efficient homing and retention of lymphocytes to the gut is dependent on the B7-containing
integrins, a4f7 and agPy integrin as well as the chemokine CCL25 and its receptor CCR9
[9-13]. a4P7 integrin binds Mucosal Addressin Cell Adhesion Molecule-1 (MAdJCAM-1),
which is constitutively expressed on high endothelial venules (HEVs) of PPs and MLNs as
well as on postcapillary venules of gut LP. Both naive and effector lymphocytes use a4B7
integrin to extravasate from blood to gut mucosal tissues of GALT, MLN and LP via
interactions with MAdCAM-1 [11,14]. The ogf7 integrin facilitates retention of effector and
memory lymphocytes in the gut epithelial layer via interactions with E-cadherin [15,16]. In
addition to their roles in mediating lymphocyte trafficking and localization in the gut, the
interactions between B7 integrins and their respective ligands have been implicated in mediating
the formation of secondary lymphoid structures [17], in protective immunity against mucosal
pathogens [18-20], in the pathogenesis and progression of gut inflammation including
inflammatory bowel disease (IBD) [21-23], and intestinal graft-versus-host disease (GVHD)
[24]. These conclusions are based on in vitro and in vivo studies that primarily involved
function-blocking mAbs to B integrins and their ligands [22], B7- and ag-integrins deficient
mice [11,15] as well as various models of IBD, intestinal infections and GVHD [19,24,25].
Studies performed with antibodies to a4f7 or MAJCAM-1 or with B7 deficient mice indicated
that the homeostatic lymphocyte recruitment to intestinal tissues is highly regulated and
dependent on By integrins [11,14,26]. During intestinal inflammation, both B integrin-
dependent and -independent pathways contribute to lymphocyte recruitment to the intestinal
tissues and disease pathogenesis in mouse models of ileitis, colitis and intestinal infections
[21,22,27-29].

The past few years have witnessed great progress in our understanding of how gut-associated
DC regulate the expression of a4fB7 integrin and CCR9 on activated effector and regulatory
lymphocytes in a retinoic acid (RA) dependent manner [2,30-32] and the critical importance
of CD103" mucosal DCs [33,34]. CD103 (og integrin) serves as a marker of mucosal DC
subsets associated with essential immune activities, including antigen presentation [35],
induction of Foxp3* regulatory T cells (Treg) [36,37], generation of gut-tropic CD8" effector
T cells [33] and retinoic acid receptor (RAR) signaling [38,39]. Furthermore, recent works
have explored the potential of targeting a4 and B7 integrins in IBDs [25,40,41] with one specific
strategy (i.e. natalizumab) already approved by the FDA for the treatment of Crohn’s disease
and multiple sclerosis (MS) [42,43].

This review focuses on the role of 7 integrins in intestinal lymphocyte trafficking and retention
in health and disease. To this end we will review the activation and expression of B7 integrins
and their endothelial ligands. We will also discuss the therapeutic targeting of these molecules
for the inhibition of lymphocyte trafficking during inflammatory diseases of the gastrointestinal
tract, with a special emphasis on IBD.

Integrins are transmembrane cell adhesion receptors composed of noncovalently associated
a and B subunits that bind to cell-surface ligands, soluble ligands and extracellular matrix
proteins [44]. These adhesive interactions are essential for lymphocyte recirculation, migration
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into inflammatory sites, and recognition of foreign antigens, survival and proliferation
[45-47]. Vertebrates express 18 a.and 8 B subunits that combine to generate at least 24 different
integrin heterodimers. They are subdivided into subfamilies based on their distinct  subunits.
Each subfamily has distinct structural, tissue-restricted expression and functional
characteristics. The B, (CD18) and 37 integrins are leukocyte-specific, and are mainly involved
in cell to cell adhesion [45,48]. So far at least 14 members of the integrin heterodimers
belonging to the B4, B2, B7 and oy, are known to be expressed on immune cells [46,49-51].

Both o and B integrin subunits are type | transmembrane glycoproteins with distinct and large
extracellular domains, a single pass transmembrane domain and, with the exception of B4
integrin, a short cytoplasmic tail [45,49]. Extracellular domains from each subunit contribute
to the ligand binding site of the heterodimers. Of the 18 o subunits, 9 contain a domain of about
200 amino acids known as inserted (1) domain, or von Willebrand factor A domain, which
comprise the ligand-binding sites of these integrins. Integrins require divalent cations (Ca?*,
Mg?2*, and Mn?*) that bind to a metal ion-dependent adhesion site (MIDAS) required for ligand
binding. The B I-like domain is similar to the a | domain with MIDAS located at the center
and two adjacent metal ion binding sites known as the ligand-induced metal ion-binding site
(LIMBS) and adjacent to metal ion dependent adhesion site (ADMIDAS). As revealed from
mutational studies, LIMBS and ADMIDAS regulate the MIDAS, which act as coordinators of
ligand binding in a positive and a negative manner, respectively. As such, LIMBS and
ADMIDAS are regulators of adhesion and de-adhesion [45,49]. Site-directed mutations have
been introduced into the ADMIDAS that constitutively keep the integrin a4B7 integrin in the
adhesive state [52]. The cytoplasmic domains of a and B subunits of integrin are determinants
of the ability of integrins to bind ligands. These cytoplasmic domains have been suggested to
associate with each other at the membrane-proximal regions, thereby constraining the integrin
in the inactive state [53,54]. Thus, the integrin heterodimers exist in multiple conformational
states with low, intermediate and high affinity conformers [55]. These dynamic properties play
an important role during leukocyte migration in the immune system.

Regulation of B integrin expression

Integrin asB7

ayf7 integrin is constitutively expressed on naive T and B cells at a relatively low level [56].
Itis also expressed on NK cells, stimulated monocytes, macrophages and eosinophils. Of note,
higher levels of a4f7 expression on eosinophils are observed in hypereosinophilic patients,
where its expression is maintained on gut-derived eosinophils but downregulated on lung-
derived eosinophils [57]. The majority of naive CD8* recent thymic emigrants (RTES) in mice
also express a4B7 integrin [58]. The expression of this integrin is increased on IgA-secreting
plasma cells and memory gut-homing CD4* subsets (a4B7 M9 memory T cells) [59]. By
contrast, the majority of memory T cells that circulate to non-mucosal tissues lack expression
of B integrins [56,60]. Instead, these a4B7 "921ve memory cells express the related a4B1
integrin, which binds to vascular cell adhesion molecule-1 (VCAM-1). The upregulation of
a4P7 on the memory or activated gut-homing T cells and circulating B cells is induced by RA
produced by intestinal DCs [32,61]. It is not known whether RA regulates expression of a4 or
B7 subunits individually. Mora et al observed increased a4 integrin mRNA after CD8* T cell
priming with PP DCs [62]. On the other hand, using RA responsive element reporter mice,
Svensson et al found that CD103* (ag integrin) MLN DC induced expression of a4f7 and
CCR9 on CD8" T cells in a RAR signaling dependent manner [38].

Integrin agfy

agf7 is expressed by only 2% of circulating blood lymphocytes, but more than 90% of
intraepithelial lymphocytes (IEL) and a minority of lamina propria lymphocytes (LPL) [63].
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CD103 (og) is also expressed on some CD4* T cells, CD8*, DCs and mast cells. Naive recent
thymic emigrants can enter the intestinal epitheliium in o437 and CCR9 dependent manner and
then proliferate and acquire CD62L'°CD103"9" phenotype, like the resident IEL [58]. Of note,
CD103 expression defines a unique population of mouse and human CD4* natural T reg cells
as well as a subset of DC uniquely imprinting gut homing receptors on effector and regulatory
T lymphocytes [33,34,36,64]. It has been proposed that asf7 * T cells differentiate within gut
epithelial tissues into agB; * T cells. This may be regulated by TGF-B, locally secreted by
intestinal epithelial cells [65,66]. TGF-p regulates the expression of agf7 by increasing the
expression of ag and B7 mMRNA transcripts and the cell surface expression of agfz, while
decreasing a4y mRNA [66]. This TGF-B-dependent switch from o487 * LPL to agf7 * IEL cells
involves activation and inactivation of Smad signaling molecules, which are involved in TGF-
B signaling. In support to this idea, Smad7 transgenic mice, which antagonize TGF- /Smad
signaling, failed to induce agf7 on T cells, thereby resulting in a reduced number of IEL cells
[67]. By using a deletion analysis with B7 integrin promotor reporter constructs, Lim et al
identified two potentially interactive TGF-B1 response elements, regulating the expression of
the B7 gene [68]. The adhesion of agf7 T cells to epithelial E-cadherin is promoted by CCL25,
suggesting that CCR9 on T cells regulates the expression and function of the co-expressed
CD103 upon the arrival of these cells in small intestinal epithelium where the CCR9 ligand
CCL25 is constitutively expressed. Thus agfy is induced on T cells after they entered into
small intestinal epithelium [69].

In rodents MAdCAM-1 is constitutively expressed by mucosal endothelial cells of PPs, MLNS,
and LP of the small and large intestine, the lactating mammary gland as well as sinus-lining
cells in the spleen [70]. Human MAdCAM-1 is expressed at similar sites and additionally
expressed in non-gastrointestinal organs like thymic medulla, tonsils, nasal associated
lymphoid tissues, pancreas and brain [71]. MAdCAM-1 is expressed transiently in developing
PLNs, suggesting that the gut-associated mucosal tissue-restricted expression of MAdCAM-1
is developmentally regulated and that tissue specificity is only acquired after birth [72,73].
Fetal expression of MAdCAM-1 is found in the microvessels of many lymphoid and non-
lymphoid extraintestinal tissues, including PLNs, thymus, spleen, pancreas, skin, muscle, and
kidney [73]. This finding suggests that MAdCAM-1 is a primordial homing receptor that may
carry out a broader, non-gut specific immune cell trafficking throughout the body [74].
MAJCAM-1 expression is upregulated on inflamed venules in chronic inflammatory diseases
such as in IBD, diabetes, primary sclerosing cholangitis, liver cirrhosis [75], chronic relapsing
experimental autoimmune encephalomyelitis as well as in the genital tract of mice following
infection with chlamaydia trachomatis [76]. During active IBD, MAdJCAM-1 is aberrantly
expressed in extraintestinal endothelial tissues including in joints, eyes, skin and liver [77,
78]. Leung et al also identified expression of MAdJCAM-1 on the surface of fibroblasts and
melanoma cell lines, indicating that MAdCAM-1 also plays a wider regulatory role in non-
endothelial cells, leukocyte transmigration across connective tissues, or the homotypic
interaction of some malignant melanoma cells [79].

The transcriptional regulation of MAdCAM-1 expression is not well understood. TNF-a,
IL-1p and lymphotoxin, but not IFNy induce expression of MAdCAM-1 [80-83].
Administration of TNF-o enhances expression of MAdCAM-1 in the intestine, colonand MLN
[84]. MAdCAM-1 expression on the endothelial surface is also dependent on
phosphatidylinsositol 3-kinase (P1-3K) and AKT [85]. Induction of MAdCAM-1 expression
by TNF-a stimulation requires tyrosine kinases, p38, p42/22 mitogen activated protein kinases,
NF-kB and poly-ADP ribose polymerase (PARP) [81]. The homeobox gene NKx2-3 has been
suggested as a potential target gene that regulates the expression of MAJCAM-1. NKx2-3
mutant mice lack MAdCAM-1 and manifest disordered intestinal and secondary lymphoid
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tissue architecture where T and B cells normally segregate [86,87]. Moreover, these mice
display decreased number and size of PP, and reduced numbers of CD4* and IgA* plasma cells
in intestinal villi [86,87]. MAdCAM-1-deficient mice also showed a reduced size of PPs,
deceased number of IgA-secreting plasma cells in the small intestinal LP and defective
intestinal 1gA response upon oral immunization [88].

Role of B; integrins in secondary lymphoid tissue development

The fact that B7-deficient mice are viable, healthy and display no alteration in their B cell and
T cell development suggests that 7 integrins are not required for lymphocyte development
[11]. Furthermore, a recent study using a hematopoietic cell-restricted deficiency for B7 and
1 integrins has excluded an essential role for these integrins during hematopoiesis [89].
However, B7 integrins play an important role in secondary lymphoid tissue development where
they promote immune homeostasis. Thus, B7-deficient mice have an impaired development of
GALT [11], which is likely secondary to the homing defect and not to defective lymphocyte
development. The asp7/MAJCAM-1 pathway has been implicated in localizing fetal lymphoid
tissue inducer cells (LTi) to the intestine to deliver the early signals for PP organogenesis
[17]. As suggested from the NKX2.3 mutant study, MAdCAM-1 seems to be essential for the
maintenance of mucosal lymphoid tissue architectures like the PP and the marginal zone of the
spleen [87]. However, a recent study in MAdCAM-1 knockout mice showed that B7-integrin /
MAJCAM-1 pathway is dispensable for embryonic PP development [88]. Thus the previously
reported effect on PP development in NKX2.3 mutant mice may be related to seeding of the
PPi to anlagen or to other effects of NKX2.3. a4f7 and a4p1 integrins are also expressed in
isolated lymphoid follicles (ILFs), which are presumably derived from cryptopatches (CP),
localized at the base of the villi in LP. Antibody blockade, B7 integrin-deficient mice and bone
marrow reconstitution experiments have demonstrated a role of a4B7/MAdCAM-1 interaction
in ILF development but not in CP formation [90].

Role of a,B7 integrin/MAdCAM-1 interaction in homeostatic lymphocyte
trafficking to the intestinal tissues

Naive lymphocytes continuously recirculate between the blood and the secondary lymphoid
organs in search for their cognate antigens. Since naive lymphocytes are poorly responsive to
inflammatory signals, they are mostly excluded from non-lymphoid tissues. This restricted
lymphocyte trafficking pattern is determined by the expression of adhesion molecules and
chemokine receptors on lymphocytes and their specific ligands on endothelial cells.
Lymphocyte exit from the blood to secondary lymphoid organs occurs across HEVs following
a sequential adhesion cascade (Fig. (1)) [7,91,92].

Under homeostatic conditions, naive lymphocytes first roll using L-selectin (CD62L) and
ayf7 integrins binding to peripheral lymph node addressins (PNAd) and MAdCAM-1
respectively, which are expressed on the HEVs of PP and MLN. Rolling naive lymphocytes
activate their integrins by the engagement of the chemokine receptor CCR7 with chemokines
CCL19 and CCL21 presented on HEVs [7,91-94]. Signaling through heterotrimeric G-protein
coupled signaling pathways leads to changes in integrin conformation and affinity [95]. The
activated ayB7 integrin then allows firm adhesion of the naive lymphocytes to MAdJCAM-1 on
the HEVs. Once adhered, lymphocytes transmigrate across HEVs into the parenchyma of
lymphoid tissues (Fig. (1)) [7,91,92].

MAdCAM-1 in MLN is decorated with a mucin domain, which may support L-selectin
dependent rolling in young mice [96]. MAdCAM-1 contains two immunoglobulin-like
domains, which mediate firm adhesion via interaction with a4p7 [97,98]. Homing of effector
and memory lymphocytes with high o437 expression to the LP does not require L-selectin and
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is entirely dependent on interaction between o4B7 and MAdCAM-1 [26]. This suggests that
a4B7/MAJCAM-1 interaction can mediate both rolling and firm adhesion [96-98]. CD44
present in close proximity to a4B7 has been proposed to mediate rolling of activated T cell
subsets [99]. CCL25 and MAdCAM-1, constitutively expressed on LP post-capillary venules,
can recruit a7 *CCR9* T cells from the circulation, which is followed by the migration of T
cells into the LP [12,26,31,100]. Thus, a4p7-MAdCAM-1 and CCR9-CCL25 interactions are
critical in effector T-cell localization to intestinal mucosa [26,100].

The generation of B7-deficient mice by targeted gene deletion has contributed to our
understanding of the critical role of this homeostatic pathway [11]. These mice have PPs that
are dramatically reduced in size and cellularity due to severely reduced homing of naive
lymphocytes. The numbers of LPL and IEL are reduced [11]. Using in vivo migration assays,
lymphocytes from these mice were found to show severely decreased migration into PPs, while
migration into MLN was much less affected due to the overlapping function of L-selectin
[11,101]. Intravital microscopy studies of exteriorized PPs from B;-deficient mice showed that
lymphocytes roll normally along the endothelium, demonstrating that L-selectin is sufficient
to mediate rolling [11,102], yet they failed to firmly adhere to or transmigrate through the
endothelium [11,102]. The generation of mice lacking both B integrin and L-selectin
confirmed the role of these two homing receptors in regulating the lymphocyte migration across
HEVs in lymphoid tissues. Lymphocytes from these double deficient mice were unable to
migrate into PPs, MLN or PLN [103]. These mice also have fewer resident cells in PPs
compared to B7 integrin-deficient mice, showing an additional role of L-selectin in lymphocyte
migration to PPs [101]. The recent analysis of MAdCAM-1-deficient mice phenocopied B7-
deficient mice, confirming that o4p7-MAdCAM-1 is the major pathway in lymphocyte
trafficking to the intestinal tissues [88].

Role of mucosal DCs in imprinting gut-homing receptors

Upon encountering dendritic cells expressing relevant antigenic peptide-MHC complexes,
naive lymphocyte become activated, proliferate and differentiate to effector or memory cells
in lymphoid tissues. The differentiation into effector or memory cells is accompanied by the
up-regulation of receptors that interact with inflammation-induced endothelial adhesion
molecules and inflammatory chemokines. Effector lymphocytes then migrate to extralymphoid
tissues and sites of inflammation, where they execute their function [92,104].

Following lymphocyte activation in PPs and MLNs, DCs present in GALT sites induce the
selective and rapid up-regulation of gut-homing receptors, o4p7 and CCR9 on activated
lymphocytes. As a result of such induction of small intestinal-homing receptors, effector cells
then home to the LP through their interaction with MAdCAM-1 on LP associated venules and
CCL25 produced by small intestinal epithelial cells [30,31,93,105,106]. The molecular
mechanism responsible for up-regulation of these gut homing receptors was discovered by the
seminal study of lwata and colleagues, who identified that mucosal DCs, but not spleen or skin
DCs, express relatively high levels of retinal dehydrogenase (RALDH), an enzyme required
for the generation of the vitamin A metabolite retinoic acid (RA) [32]. They showed that while
vitamin A deficiency in mice results in decreased expression of a4f7 integrin on effector and
memory T cells and reduced LPL numbers, it has no effect on L-selectin, E-or P-selectin ligand
expression on skin-homing effector cells [32]. RA is sufficient to induce expression of a4p7
and CCR9 on activated T cells in the absence of DC in vitro. Pharmacological inhibition of
RALDH inhibits GALT DCs imprinting of gut-tropism [32]. This ability to induce the up-
regulation of a4B7 and CCR9 on gut-tropic effector lymphocytes is not a property of all GALT-
associated DCs. It is rather seen only in DCs expressing CD103 [33]. RA has been shown to
up-regulate gut homing receptors on CD8*, CD4*, B cells and naturally occurring
CD4*CD25*Foxp3* T reg [30,31,61,93,107]. Moreover, RA in combination with TGF-B has
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been implicated in the peripheral generation of Foxp3* T reg from naive T cells [37] and to
synergize with IL6 and IL-5 in mediating class switching to IgA in B cells [61]. Peripheral
induction of Treg cells is accompanied by up-regulation of a4f7 and CCR9, allowing their
efficient homing to small intestinal tissues where they are required to maintain immune
homeostasis [108]. RA also enhances the frequency and function of Foxp3* T reg cells and
inhibits IL-6 and TGF-B—driven induction of proinflammatory Th17 cells in vitro [109]. While
LP macrophages (CD11c"CD11b") secrete IL-10 and RA and induce differentiation of
Foxp3* Treg, LP CD11c"CD11b* DCs secrete TGF-p and induce Th17 responses [110]. These
findings illustrate the complex scenario with regard to the mucosal environment in directing
the generation of immune responses and the role of APCs to regulate the balance between
immune tolerance and responsiveness in the gut.

The route of antigen entry, presence or absence of adjuvant and antigen dose have been also
identified as important contributing factors in regulating the efficiency of CCR9 and a4f7
expression on T cells primed in MLN [31,33,38]. Furthermore, peripheral tissues and MLN
stromal cells exhibit instructive roles in the imprinting of these gut-homing receptors on
activated T cells [111-113].

Role of a,B7-integrin for lymphocyte trafficking to intestinal tissues during
inflammatory bowel disease

The pathological manifestations of inflammatory diseases including IBD result from the
dysregulated recruitment of leukocytes into sites of inflammation where they inflict robust
cytokine-mediated tissue injury [13,92,93,114]. The inflammatory bowel diseases are chronic
inflammatory disorders of gastrointestinal tissues and include Crohn’s disease (CD) and
ulcerative colitis (UC). The development of IBD requires aberrant immune responses against
bacterial antigens (normal flora or pathogenic bacteria) from the lumen in genetically
susceptible individuals. Key features of CD include discontinuous ulceration and transmural
inflammation, which can affect any site of the gastrointestinal tract but most commonly involve
the terminal ileum and colon. The inflammation is associated with aggregation of macrophages
that form granulomata as well as CD4* T cells which produce TNF-a, IFNy and I1L-12. UC
primarily affects the colon, leading to continuous and superficial mucosal ulceration that
extends proximally from the rectum. UC is associated with increased leukocyte infiltration in
the LP, superficial crypt abscess and expression of IL-13 and IL-5[115,116]. Recently, IL-17-
producing Th17 cells have been associated with the pathogenesis of IBD. While TGF- and
IL-6 drive the differentiation of Th17 cells from naive T cells, IL-23 plays a critical role in the
maintenance and expansion of Th17 cells [117,118]. Although the direct role of IL-17 in IBD
pathogenesis remains less convincing [1,119], IL-23 has been implicated as a major player in
the induction of intestinal inflammation in both innate and adaptive models of colitis [120,
121]. Interestingly, a polymorphism in the human IL-23R gene has been associated with the
incidence of IBD [122]. A blocking antibody against IL-23 p19 that targets IL-23 (but not
IL-12) ameliorated Th17-mediated intestinal inflammation [123], suggesting a role of Th17
cellsin IBD. Currently, little is known about the molecular mechanisms of Th17 cell trafficking
into sites of inflamed intestinal tissues and the kinetics of a4f7 integrin expression under
conditions favoring Th17 cells differentiation. IL-17 expressing T cell that lack B integrin
show about 50% reduced homing to MLNs and LP (Smith E. and Ley K., 2007 unpublished
observation).

Animal models of IBD and diseased human tissues underscored the role of gut-homing effector
and regulatory T lymphocytes in IBD pathogenesis (Table 1) [25,124,125]. In the earliest study
using cotton-top tamarins, which spontaneously develop a chronic colitis similar to human UC,
infusion of function blocking anti ay4- or asf7-integrin antibodies was found to ameliorate
disease symptoms [126,127]. Similarly, antibodies specific for integrin 7 and MAdCAM-1
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reduced recruitment of lymphocytes to colitic colon and abrogated symptoms of colitis in a
mouse model of IBD where naive CD4*CD45RBM3N T cells were transferred into
immunodeficient SCID mice [22]. In a model of colitis induced by intramural injection of
peptidoglycan-polysaccharide to rat colon, anti-MAdCAM-1 Ab significantly attenuated
lymphocyte recruitment and colonic damage [128]. MAJCAM-1 also plays a role in
lymphocyte recruitment into inflamed small intestine in SAMP1/Yit mice, a spontaneous
mouse model of human CD. Anti-MAdCAM-1 Ab inhibited adhesion of T cell to microvessels
of terminal ileum and attenuated established ileitis [129]. In our studies using this ileitis model,
anti-MAdCAM-1 and a4f7 integrin alone failed to attenuate ileitis [27]. The reasons for this
discrepancy is presently unknown, but may lie in the kinetic onset of inflammation, age of mice
used, the dose or the treatment regime of anti-MAdCAM-1 mAb used. During inflammation,
other adhesion molecules are induced, suggesting redundancy among adhesion molecules. As
a result, lymphocytes display non-gut specific trafficking into inflamed intestinal tissues.
Consistent with this idea, ileitis in SAMP1/Yit mice is inhibited by blocking at least two
integrins using an anti-a4 integrin antibody, which interferes with both a4B7 and a4pB1 integrins
[27]. Moreover, a combination of MAJCAM-1 and L-selectin blockade attenuated the ileitis,
suggesting that L-selectin plays a relevant role in ileitis. In the SAMP1/Yit mouse model, over
55% of asf7 ¥ CD4 effector cells in the MLN co-expressed L-selectin. Interestingly,
CD4*CD62L*ayB7 * cells produced more TNF-o than CD62L"edative cel|s following
stimulation with anti-CD3, indicating functional association between expression of a4f7 and
L-selectin [27]. TNFAARE mice show dysregulated and increased TNF-o expression due to
lack of the ARE regulatory element [130]. In the TNFAARE model, mice genetically lacking
B integrin showed very mild intestinal pathology [28]. However when TNFAARE mice on
C57BL6 background were crossed with integrin B7 deficient mice, the progeny did not show
attenuated ileitis (Rivera-Nieves, J, unpublished results).

Differential mechanisms in lymphocyte recruitment during intestinal inflammation have also
been demonstrated in colitis models. In colitis models primarily involving CD4* T cell effector
function, such as IL-27- mice and adoptive transfer of CD4*CD45Rb"9" cells into SCID mice,
7 integrins are not required for T lymphocyte localization to intestine and for colitis
pathogenesis [21]. The onset of colitis in recipients of T cells from p7-deficient mice was
delayed over 9 weeks but eventually developed at 25 weeks, suggesting 7 integrins may be
required during the early course of induction of colitis [21]. Using a similar transfer model in
RAG™ mice, Park et al found reduced colitis over 11 weeks in mice reconstituted with
CD4*CD45RBN9N T cells from B7-integrin deficient mice compared to wild type mice [131].
Although the latter study did not examine the inflammation score beyond 11 weeks, they
suggested a protective role of B7 integrins deficiency in reducing colitis progression.

Taken together, the role of B7 integrin in colitis models remains inconclusive. Plausible
explanations include stage-specific roles of this integrin in the pathogenesis of colitis, implying
differential involvement of adhesion molecules in the early versus late gut inflammatory
responses. In this regard the kinetics of the cytokines produced may vary depending on Thl/
Th2/Th17 polarization condition of the inflammation. Activation of murine CD4* T cells under
Th1 promoting conditions favors a4f37 expression compared to activation under Th2 promoting
conditions [132]. There is also a positive correlation between o4B7 expression on human
CD4* T cells and their ability to produce IFN-y [132]. Alternatively, other pathways that
involve different adhesion molecules or non-lymphocyte cell populations may be involved. In
line with the latter hypothesis, abundant presence of neutrophils and eosinophils in UC has
been reported. Presence of these granulocytes also correlates with disease severity and
gastrointestinal dysfunction [133]. In a dextran sodium sulphate-induced colitis model,
recruitment of eosinophils has been shown to be dependent on f3,-integrin/ICAM-1 interactions
but not on a4B7 integrin [134]. Similarly, lymphocytes may also use o, By (LFA-1) to
compensate for a lack of the conventional gut homing a47/MAdCAM-1 interaction for their
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recruitment to large intestine. Moreover, adoptive transfer of CD4*CD62L™" T cells has been
shown to induce chronic colitis, suggesting the involvement of L-selectin in the pathogenesis
of UC [135]. Alternatively L-selectin serves as a marker of naive T cells which are known to
induce colitis. L-selectin ligands have been detected in chronic inflammatory sites [136,137].

The role of B7 integrins for Treg trafficking is not well understood. Previous work on
characterization of different subsets of regulatory T cells identified asp7 * Treg that induce
IL-10M9" T GF-B'oW secondary suppressor T cells [138]. In a CD4*CD45RBN9N T cell adoptive
transfer model of colitis, those integrin B7-deficient Treg cells with severely impaired gut
homing still possess in vivo suppressive effect [139]. It is likely that this suppressive effect is
exerted at the induction sites of GALT where it is able to inhibit the initial priming and
differentiation of colitogenic T cells through cell-cell contact inhibition. As discussed in a
previous section, lymphocytes use L-selectin and B integrin to home to GALT. About 50%
of Foxp3* Treg cells express L-selectin which can bind to MAdCAM-1 [140]. Thus, MLN is
a likely site where B7-deficient Treg cells accumulate, interact with APCs and inhibit the initial
priming and differentiation of pathogenic Th cells, thereby preventing the development of
colitis. This concept is in agreement with recent studies in adoptive transfer models of colitis
demonstrating that CCR77" naive Treg [141] and CCR47~ Treg [142] cells exhibited delayed
accumulation in PLN and MLN, which in turn correlated with their impaired ability to inhibit
development of colitis. Alternatively, Treg cells likely use B7 integrin-independent pathways
to migrate to the effector sites of LP, where they restrain the responses of effector T cells
through secretion of anti-inflammatory cytokines IL-10 and TGF-B. Itis still unknown whether
Treg cells use similar homing receptors like effector T cells to migrate to the same intestinal
tissues and whether Treg cell migration to the intestinal effector sites like LP is really important
to induce their suppressive effect.

B- integrins and intestinal parasitic infections

The efficient recruitment of appropriately polarized CD4" T lymphocyte to the intestine is
crucial for resolution of intestinal parasite infection. Using a Trichuris muris-driven large
intestinal inflammation, it has been demonstrated that while mice treated with ant-a, antibodies
did not expel parasites as efficiently as rat 1gG control treated mice, those treated with anti-
B7 or anti-MAdJCAM-1 did [29]. Blockade of a4p7, a4B1, agpf7 and MAdCAM-1 failed to
prevent recruitment of CD4™ T cells to the large intestine during T.muris infection [29].
Similarly, B;-deficient mice are protected when infected with T.muris compared to wild type
mice [19]. In contrast, during infection with Trichinella spiralis, a small-intestine nematode,
B7 deficient mice displayed a delayed recruitment of leukocytes to the small intestine and
delayed worm expulsion [19]. These findings show a difference between large and small
intestine in terms of the dependency for a4B7/MAJCAM-1 interaction, suggesting
compartmentalized usage of adhesion molecules along the length of the intestine.

B- integrins and intestinal GVHD

B7 integrins are also involved in the development of graft-versus-host disease (GVHD). GVHD
is a serious and often fatal complication of allogenic hematopoietic cell transplantation. Acute
GVHD (aGVHD) is an immune syndrome mediated by donor-derived CTL that recognize and
attack the recipient’s tissues such as gastrointestinal tract, liver and skin as foreign [143].
Donor-derived CTLs use L-selectin and a4f37 to migrate to GALT such as MLN and PP
[144]. Absence of 7 on donor CTL [145,146] or interference with MAdCAM-1 [24]
ameliorates GVHD-associated intestinal injury without affecting the beneficial graft versus
tumor (GVT) effects. Murai et al demonstrated that PPs are a key location for the donor T cell
activation and subsequent trigger of GVHD [147]. Mice lacking PP and mice in which donor
T cell migration to PP is blocked by anti-MAdCAM-1 blocking antibodies show protection
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from GVHD [147]. However, recent studies did not reproduce the same beneficial effects using
anti-MAdCAM-1 and anti-CD62L blocking antibodies [148,149]. The initiation of aGVHD
was prevented only in splenectomized B6-LTa/" recipients or using anti-MAdCAM-1 and
anti-CD62L blocking antibodies in splenectomized Balb/c recipients [149]. This finding
emphasizes a need for blocking T cell access to all SLOs including spleen to prevent aGVHD
and demonstrates a redundancy of priming sites at different anatomical locations within SLOs.
aGVHD can proceed irrespective of the original priming site [149].

aef; integrin and its ligand E-cadherin

The other B integrin, agf7, has been implicated in retention of lymphocytes within epithelial
tissues via binding to E-cadherin [10]. Thus, ag-deficient mice display a reduction in the
number of lymphocytes residing in the intestinal epithelium and LP [15]. E-cadherin is the
only known ligand for ogf7 integrin. However, the reduction of LPL in og-deficient mice
[15] and the blockade of lymphocyte binding to gut microvascular endothelial cells by anti-
ag integrin antibody [150] suggest the presence of other as yet unidentified ligand(s) in the
LP-associated venules, which do not express E-cadherin. It thus remains important to identify
what retains LPL expressing agfy integrin in the LP. Moreover, expression of ag does not
endow T cells with migratory behavior [151]. Adoptively transferred CD103-deficient CTL
cells localize to the epithelium or LP like their wild type counterparts after antiviral immune
response [152]. Thus, agf7 integrin does not act as a homing receptor for effector CTL cells
and as such its role in the IEL and LPL multi-step adhesion cascade remains unclear.

Although CD103-deficient mice have a reduced number of IELs, they still have considerable
numbers of IELs [15], demonstrating the existence of alternative mechanisms to retain IELS
within small intestine epithelial tissues. IELs express multiple B, integrins that can interact
with components of epithelial basement membranes and mucosal mesenchymal cells [153,
154], but B4 integrins are not required to retain IELs within intestinal epithelia [154]. Similarly,
mice chimeric for 41 associated a chains, ag4, 05 and oy, have normal numbers of IELs [155].
However, very late antigen-1 (VLA-1, a1p1 integrin) deficient mice have reduced number of
small intestine IELs [156]. The apparent discrepancy of this study with the former two reports
is not clear, but may be related to deficiency of VLA-1 expression in many non-hematopoietic
cells including small intestinal epithelial cells [157].

As mentioned earlier, ag integrin has been shown to be expressed on various immune cells
including CD8" T cells, CD4*CD25* Treg and DC. The expression of CD103 in particular on
mucosal DCs is associated with diverse immune functions including induction of gut homing
receptor expression [33], RAR signaling [38,39] and Foxp3+ Treg differentiation [36,37].
These functions of CD103* DC are not a general property of intestinal DCs but are peculiar
to CD103* DCs residing in the MLN and small intestine LP [39]. However, CD103 is not
required to imprint gut tropic receptors, as MLN DCs from CD103-deficient and WT mice are
equally efficient at inducing gut tropic receptors on activated T cells [39]. It thus seems that
expression of CD103 is just a marker of a DC subset.

The recognition of epithelial cells is likely to be important in understanding the role of cross
talk between intestinal epithelium and IEL cells [3,158]. For instance, CTL and vé IEL cells
in close proximity to the mucosal intestinal epithelial tissues may have broad functions
including cytolytic, cytokine/chemokine secretion as well as modulating adaptive immune
responses [159]. Furthermore, the binding of CD103* DC to its ligand E-cadherin on epithelial
cells may “condition’ their function by the influence of factors from the intestinal
microenvironment [2,160-162]. Such conditioned DCs fail to release inflammatory cytokines
and to support differentiation of Thl cells. Interestingly, in human it has been identified that
one of such conditioning factor from epithelial cells include the cytokine thymic stromal
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lymphopoietin (TSLP) [163]. Thus, with the other factors released from epithelial cells such
as RA and TGF-B, TSLP may induce the development of tolerogenic CD103* DCs [164]. The
conditioned CD103* DCs then constitutively migrate to MLN, where they may induce
development of Treg that reduce intestinal inflammation through secretion of
immunosuppresvive cytokines [2,160,161]. A subset of CD103* DCs in MLN promotes the
conversion of naive T reg into Foxp3* T reg cells in TGF-B and RA dependent manner [36].
CD103* DCs in MLN also regulate the development of CD4*CD45RBN9" T cell mediated
colitis [34].

aef; integrin and Gl inflammation

The role of agfy integrin in IBD is not clear. By using 2, 4, 6-trinitrophenol (TNP)-OVA
immunized IL27- mice, Ludviksson et al demonstrated a critical role of colonic localization of
agP7-expressing CD4* LPL in the induction and maintenance of colitis [165]. They showed
that treatment with anti-ag7 mAb prevented colitis and ameliorated established colitis [165].
However, colitogenic CD4*CD45RBM 3" T cells from wild-type or CD103-deficient mice
equally transferred the disease into SCID mice, indicating CD103 is not required for the
accumulation of CD4™ T cells in the colon and the development of colitis [34]. A similar study
also indicated that B integrins are not required in the development of colitis in IL-27- mice
and in an adoptive transfer model [21].

Recent studies have shown that CD4*CD103* T cells regulate colitis induced by
CD4*CD45RbNYN cells through their production of 1L-10 [34,64,166]. However, in the
SAMP1/YitFc mouse model of ileitis the CD4*CD103"9" subset failed to attenuate disease
[167]. In the TNFAARE model of ileitis, in which TNF-a production is dysregulated,
CD8*CD103M9N T cells attenuate ileitis induced by adoptive transfer of CD4* T cells isolated
from TNFAARE mice [168]. However, the regulatory effect in this model is different from that
afforded by CD4*CD103M9" T cells as it appears to be mediated by TGF-p and not by IL-10
[34,64,169], mimicking the functional phenotype of Th3 cells [170] and CD8* Treg cells
induced by HIV proteins and peptides [171]. Indeed, neutralizing antibodies against TGF-p
reversed the attenuating effect of co-transferring CD45RB!W and the protective effect of
feeding the hapten in TNBS-induced colitis [166]. In humans, a regulatory role for
CD8*CD103"9N T cells has also been reported after stimulation with allo-antigens [172].

In TNFAARE mijce, inflammatory mediators appear to enhance the regulatory function of the
CD8*CD103M9" subset. Thus, in comparison to WT controls, fewer cells isolated from
TNFAARE mice were required to inhibit CD4* proliferation [168]. Notably, IFN-y present at
high levels during the entire disease time course directly stimulates CD8* regulatory T cells
to produce TGF-B [173]. TGF-B in turn increases the expression of CD103 [174] and positively
regulates its own production (Fig. (1)) [175]. Thus, the crosstalk between T cell subsets appears
to modulate the balance between effector and regulatory functions.

The expression of CD103 on donor CD8* CTL is required for the retention of these cells within
the intestinal epithelium and for the development of GVHD. Of interest, the degree of
expression of this integrin correlates with the extent of epithelial cell destruction and thus the
clinical manifestation of GVHD [65]. Thus, CD8* CTL deficientin CD103 migrate to intestinal
epithelium normally, but fail to be retained in the epithelium and their number is decreased
compared to wild type CD8" CTL. This in turn resulted in a defective ability of CD103-
deficient CD8* CTL to transfer intestinal GVHD [65]. As discussed in a previous section, this
integrin is upregulated on CD8 IEL precursors, derived from a4B7 * CD8* cells in the gut lymph
nodes, which migrate to the intestinal epithelial compartment and differentiate under the
influence of TGF-B, which is produced locally in the intestine. Removal of MLN demonstrated
a significant reduction in the number of CD103* CD8* CTL in the lamina propria and gut
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epithelium, suggesting a role of gut LNs in the pathology of GVHD [176]. Apart from its role
in the retention of T cells in intestinal epithelium expressing E-cadherin, the expression of
CD103 on CTL with T cell receptor for cognate alloantigen on gut epithelium could provide
a costimulatory signal for IEL proliferation and target cell lysis activity that promotes epithelial
destruction and cellular cytotoxicity [177].

Additional roles of Bs-integrins in immune responses

The a4B7 integrin and MAJCAM-1 adhesion pathway may have additional immunological
functions other than acting as a lymphocyte homing receptor. MAdCAM-1 has been reported
to be expressed on follicular DCs (FDCs) in PPs and MLN [178], possibly providing a co-
stimulatory signal that mediates antigen-specific T cell proliferation [179]. Similarly,
recombinant MAJCAM-1-Ig can enhance T lymphocyte activation of murine MLN
lymphocytes expressing a4B7 integrin [180]. Costimulation of T cells can also be triggered via
anti-asBy integrin antibodies [181]. Here it is important to note that, FDCs expressing
MAJdCAM-1 do not present antigenic peptides. Nevertheless, the abundantly expressed
MAdCAM-1 on the processes of FDCs in germinal centers may mediate B cell adhesion and
activation [182-184]. Alternatively, MAdCAM-1 mediated costimulation likely originates
from the MAJCAM-1 expressing mesenchymal stromal cells in the secondary lymphoid
tissues. However, there are no in vivo studies that show a direct interaction of MAdCAM-1
positive FDCs with a4pB7 integrin in mediating costimulation of lymphocytes.

Anti-integrin antibody-mediated costimulation could also modulate T cell responses during
Ag presentation, such as polarizing or skewing the Th1/Th2 biased immune response. During
the formation of the immunological synapse, engagement of o431 integrin with specific mAbs
induces recruitment of this integrin to the peripheral supramolecular activation cluster of the
immunological synapse, leading to the differentiation of Th1 cells [185]. In support of this
idea, a recent study using a Trichuris muris-mediated large intestinal inflammation model
showed that treatment of C57BL6 mice with anti-a4 mAbs acts as a costimulatory signal via
asP7 or agPy interaction, resulting in a dominant Th1l polarization in the MLN and parasite
persistence and a chronic T. muris infection [29]. Similar results have been also observed in
an in vitro polarization system using MLN cells from naive C57BL6 mice. The addition of
anti-oy4 antibody to Th2 polarized T cells significantly reduced IL-13 production by MLN cells
compared to untreated cells [29]. It is likely that such costimulation is triggered via a4p7 or
a4P1 with aresulting dominant Thl polarization in the MLN, which prevents parasite expulsion
[29]. It is also tempting to speculate that the exacerbated colitis seen in Gai, 7~ mice following
long term treatment with anti-a,4 antibodies may be partly explained by a Th1-biased immune
response [186]. Consistent with this idea, increased production of the proinflammatory Thl
cytokines IFNy and TNF-a has been found in anti-oy-treated mice [186]. Moreover, blockade
of lymphocyte a4 integrin interaction with VCAM-1 increases T cell apoptosis [187]. This
is an interesting finding in light of prevailing evidence that augmented intestinal LP T-cell
activation and thus resistance to apoptosis is central to the pathogenesis of IBD [188]. Hence,
targeting MAdACAM-1 or a4/a4fB7 integrin by antibody blockade is directed against receptors
with different biological roles that do not only involve lymphocyte trafficking but are also
involved in the generation of the immune response and in the differentiation of Th1/Th2
lymphocytes and survival. As such, this raises the possibility that the therapeutic efficacy of
humanized mAbs against a4 and a4f37 integrins in IBDs might not be only mediated by blocking
lymphocyte trafficking.

B, integrin as therapeutic target in Gl inflammation

Because of their critical role in leukocyte trafficking from blood to the intestinal tissues,
agf7 integrin and MAdCAM-1 have emerged as anti-adhesion therapeutic targets in IBD
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[25,40,41,189]. Blocking dysregulated recruitment of inflammatory cells into the gut and thus
the development of intestinal inflammation has prompted interest of pharmaceutical companies
to develop anti-adhesion therapies for IBD. Natalizumab, a humanized 1gG4 therapeutic
monoclonal antibody is directed against both a4B1- and a4p7- integrins, thereby blocking
a4B1/VCAM-1 and a4f7/MAJCAM-1 interactions of lymphocytes with endothelium [40,
190]. This antibody has shown efficacy for treatment of MS [191] and CD [43]. The success
in treatment of these immune-mediated inflammatory diseases has been attributed to blocking
trafficking adhesion molecules used by lymphocytes. Natalizumab was temporarily suspended
from the market, because three out of several thousand patients who had received the drug
developed progressive multifocal leukoencephalopathy (PML) [192]. PML is a demyelinating
disease of the central nervous system caused by the reactivation of the JC virus, a human
polyoma virus, in the setting of immunodeficiency. All these PML patients had received
additional immunosuppresants. Thus, natalizumab might cause global inhibition of o4 integrin-
mediated host defense functions, such as entry of JC-virus specific CTL to brain to control this
opportunistic latent virus infection. This safety issue raised an interest to develop a more
intestinal tissue-specific therapy with a mAb against o437 (MLNO2) in UC [23]. After review,
natalizumab has been reintroduced as a therapy for MS and CD patients that do not receive
other immunosuppressant treatments [193].

Novel therapeutic approaches could exploit the recent development in our understanding of
the structure-function of a4B7 integrin [131,194], in identifying the cytoplasmic factors
involved in integrin activation [195,196] and in vivo delivery of small interfering RNA (siRNA)
targeted to leukocyte B integrin [197]. Recent studies by Shimaoka and colleagues identified
that the ADMIDAS site in the ectodomain of the B subunit of a4f7 regulates a4f7 integrin
adhesiveness [131]. They showed that mutation of ADMIDAS constitutively keeps the integrin
in the adhesive state, which dramatically impaired gut accumulation of activated T
lymphocytes in an immunodeficient transfer colitis model and thus resulted in attenuated colitis
[131]. Thus the balance in adhesion and deadhesion of a4B7 integrin may regulate lymphocyte
trafficking to the gut and colitis progression [131]. Similarly, knock-in mice (o-R/AGFFKR
mice) in which perturbing a putative cytoplasmic membrane-proximal salt bridge in a4 integrin
resulted in constitutively activated integrin, suggesting that the putative membrane-proximal
cytoplasmic regulates the proper adhesive dynamics of the integrin. As such, lymphocytes from
0a4-RIACFFKR mice exhibit increased firm adhesion to PP venules in vivo and suppressed
migration to both normal and DSS-induced inflamed gut [194]. The ay4 integrin cytoplasmic
domain binds to paxillin [195]. Mutation of the paxillin binding site in the o4 integrin resulted
in blockade of a4-paxillin interaction, which in turn selectively impaired recruitment of
mononuclear cells to inflammatory sites [195,198]. The YDRREY sequence within the 7
cytoplasmic domain interacts with focal adhesion kinase and Src family kinases, thus
controlling clustering and adhesion of the intergin a4B7 [199]. Using a DSS colitis model,
systemic delivery of leukocyte-directed cyclin D1 siRNA coupled to gut specific B7 integrin
attenuated colitis through suppression of aberrant mononuclear cell proliferation and reduction
of expression of Th1 proinflammatory cytokines such as TNF-o and IL-12 [197].

Finally, RA may also have therapeutic potential by inducing differentiation of naive B and T
cells into small intestinal-homing, 1gA-producing ASCs [61] and Foxp3* T reg [37],
respectively. Thus, RA supplementation may have therapeutic potential to harness the mucosal
immune response, either to immune responsiveness or unresponsiveness/oral tolerance [2,
200,201]. One promising application might be to generate regulatory T cells by activating ex
vivo naive T cells in the presence of TGF-p and RA with a characteristic gut homing phenotype
imprinting by RA [36].
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Conclusions

Our understanding of the mechanisms of intestinal lymphocyte trafficking and retention in
health and disease has progressed in the past few years. DCs in the mucosal environment
‘imprint” gut-homing capacity by increasing the selective expression of a4f7 integrin and
CCR9 chemokine receptor on activated effector and regulatory T lymphocytes in a RA
dependent manner. Although, the expression of CD103 integrin on DCs has been associated
with many immune functions, it is currently unclear whether CD103 is just a marker of a DC
subset or whether its binding to E-cadherin actually changes immune regulation. The
physiological lymphocyte recruitment to intestinal tissues is highly regulated and depends on
the classical gut specific homing receptor o4B7 and its ligand MAdCAM-1. Inflammatory
conditions in the intestine seem to invoke a redundant upregulated expression of inflammatory
adhesion molecule receptors and ligands such as a4p1 and VCAM-1, LFA-1 and ICAM-1 and
L-selectin. This results in dysregulated leukocyte recruitment to chronic inflamed intestinal
tissues and thus perpetuation of the inflammatory disease. Accordingly, future anti-adhesion
molecule therapies in IBD need to optimize the strategy to block such redundant non-tissue-
specific pathways. Blockade of ay4 integrins has been already approved for treatment of MS
and CD. Other specific approaches targeting 7 integrins including modulating the activation
of a4P7 integrin, identifying cytoplasmic factors activating ay4 integrin and in vivo delivery of
siRNA targted to leukocyte B7 integrin are in active research. Beyond its role in blocking
lymphocyte trafficking, the anti-adhesion molecules therapeutic strategy may have effects in
lymphocyte costimulation, polarization and survival. Such therapeutic targeting should also
take into account the multiple roles of adhesion molecules in inflammation and host defense,
as blocking them could be a “‘double-edged sword’ [202].
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Abbreviations

CD

Crohn’s disease
CTL

Cytotoxic T lymphocyte
DC

Dendritic cell
GALT

Gut-associated lymphoid tissue
Gl

Gastrointestinal
GVHD

Graft-versus-host disease
IEL

Intraepithelial lymphocyte
IBD

Inflammatory bowel disease
LP

Lamina propria
LPL

Lamina propria lymphocyte
MAdCAM-1

Mucosal Addressin Cell Adhesion Molecule-1
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MLN

Mesenteric lymph node
PP

Peyer’s patch
RA

Retinoic acid
RTE

Recent thymic emigrant
uc

Ulcerative colitis
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A. Inductive sites (PP and MLN) B. Effector sites
(Lamina propria and epithelium)
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Post-capillary venules

Fig. (1). Role of g7 integrins in intestinal lymphocyte homing and retention

Lymphocytes involved in the intestinal immune response are organized in two compartments:
inductive (A) and effector (B) sites. (A) Naive lymphocytes (round cells) enter inductive sites
through HEVs (polygonal) in PPs and MLNs, where they roll through L-selectin interactions
with PNAd and become activated by surface-bound CCL19 and CCL21 that bind to CCR?7.
Lymphocyte a4p7 integrin interacts with MAdCAM-1 to mediate rolling and, after activation,
firm adhesion. Once transmigrated into the parenchyma, lymphocytes encounter dendritic cells
presenting antigen in the T cell zone of PP and MLN. RA produced by CD103 (ag)* dendritic
cells induce or enhance expression of gut-trophic receptors a4f7 integrin and CCR9 chemokine
receptor. Once activated in PP, the mucosal lymphoblasts then enter the gut-draining MLN.
(B) When effector cells return back to the intestinal LP, CCR9*a,4B7 * activated lymphocytes
preferentially leave the circulation via MAdCAM-1 and CCL25 (small circles) expressing LP-
associated post-capillary venuels. Some of these a7 *CCR9* LPLs are then destined to reside
in the intestinal epithelium, attracted by CCL25. Switching from a4B7 * LPL to agf;* IEL
occurs by the effect of TGF-B, locally secreted by intestinal epithelium (cuboidal). As a result,
most IELs express only agp; integrin. The agB7* IEL cells reside between epithelial cells via
interaction with E-cadherin and this interaction is likely promoted by CCR9/CCL25 signaling.
Thick arrows indicate migration; thin arrows indicate secretion of soluble mediators.
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Effects of Anti-Adhesion Molecule Blockade in Animal Models of IBD (Adapted and modified from [25])

1BD Model [Adhesion molecules blocked by mAb|Effect |Reference
T o, integrin lattenuation of acute but not chronic inflammatory infiltrates|[126]
0,487 integrin lattenuation of colitis [127]
Goi, - o, integrin lexacerbation of colitis in long term treatment [186]
+ highja7 integrin o . "
(CD4"CD45RB MAGCAML eduction in severity of colitis [22]
DSS MAdJCAM-1 reduction in colonic injury [203]
DSS MAJCAM-1 + CCL20 ttenuation of T and B lymphocytes accumulation [204]
MAdJCAM-1 |no effect on the colitis .
DSS CAM-1 Ettenuation of colitis [205]
SAMP1/Yit MAdJCAM-1 melioration of ileitis; attenuation of established ileitis [129]
SAMP1/Yit ICAM-1 + VCAM-1 reduction of ileitis [206]
aﬁ_ijdmtegnn o effect on the severity of acute and chronic ileitis
SAMP1/YitFc MCAM:] [27]
o, integrin ion of ileitis
MAJCAM-1 + L-selectin Iattenuatlon o
TNP-OVA/ IL27" JugB, [Prevention of colitis; Amelioration of established colitis ~ [[165]

CTT, Cotton-top tamarins; Gei2, heterotrimeric G protein subunit Gai2; DSS, Dextran sulfate sodium; SAMP/Y it, senescence-accelerated mouse;
TNP: 2,4,6-trinitrophenol
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