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Eighty percent of antibody secreting cells (ASCs) are found in the intestine, where they produce grams of immunoglobulin (Ig) A daily. immu-
noglobulin A is actively transcytosed into the lumen, where it plays a critical role in modulating the gut microbiota. Although loss of immune
tolerance to bacterial antigens is the likely trigger of the dysregulated immune response that characterizes inflammatory bowel disease (IBD),
little effort has been placed on understanding the interface between B cells, IgA, and the microbiota during initiation or progression of disease.
This may be in part due to the misleading fact that IgA-deficient humans are mostly asymptomatic, likely due to redundant role of secretory
(S) IgM. Intestinal B cell recruitment is critically dependent on integrin a4f37-MAdCAM-1 interactions, yet antibodies that target a4f7 (ie,
vedolizumab), MAdCAM-1 (ie, ontamalimab), or both 7 integrins (x4p7 and oE [CD103] 7; etrolizumab) are in clinical use or development as
IBD therapeutics. The effect of such interventions on the biology of IgA is largely unknown, yet a single dose of vedolizumab lowers SIgA levels
in stool and weakens the oral immunization response to cholera vaccine in healthy volunteers. Thus, it is critical to further understand the role of
these integrins for the migration of ASC and other cellular subsets during homeostasis and IBD-associated inflammation and the mode of action
of drugs that interfere with this traffic. We have recently identified a subset of mature ASC that employs integrin «aE7 to dock with intestinal
epithelial cells, predominantly in the pericryptal region of the terminal ileum. This role for the integrin had not been appreciated previously, nor
the aEpB7-dependent mechanism of IgA transcytosis that it supports. Furthermore, we find that B cells more thanT cells are critically dependent
on a4p7-MAdCAM-1 interactions; thus MAdCAM-1 blockade and integrin-f7 deficiency counterintuitively hasten colitis in interleukin-10-deficient
mice. In both cases, de novo recruitment of IgA ASC to the intestinal lamina propria is compromised, leading to bacterial overgrowth, dysbiosis,
and lethal colitis. Thus, despite the safe and effective use of anti-integrin antibodies in patients with IBD, much remains to be learned about their
various cell targets.

Lay Summary

Loss of immune tolerance to bacterial antigens represents the likely trigger of the dysregulated immune response that characterizes IBD, yet the
interface between B cells, IgA, and the microbiota during initiation and progression of disease has been understudied. Here we review impor
tant aspects of the biology of IgA, its role on the control of the microbiota in mouse models, and its potential role on the pathogenesis of IBD.
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Introduction consists of mechanical, antimicrobial, and immunological
components that act in synergy to provide a controlled mu-
tually beneficial interaction between the microbiota and the
local immune system, an interspecies relationship known as
mutualism/symbiosis. An integral part of this defensive net-
work is immunoglobulin A (IgA), which is locally produced
by antibody secreting cells (ASCs). Following secretion, a
multistep and highly specialized process is employed, which
results in the movement of IgA (transcytosis) from the intes-
tinal lamina propria (LP), through the epithelium into the
intestinal lumen, in the form of Ig dimers. The addition of
the secretory component, originating from the polymeric
immunoglobulin receptor (PIgR) further stabilizes the com-
plex, forming secretory (S) IgA (SIgA), which is anchored to
the mucus layer, providing around a 500-micron physical/
chemical barrier that maintains most elements of the mi-
crobiota separated from the intestinal epithelium. Once in-
side the lumen, SIgA plays a pivotal role on the mechanisms
that shape the composition of the microbiota and preserve

The intestinal environment is a complex ecosystem, wherein
trillions of microorganisms (collectively referred to as the gut
microbiota) peacefully reside alongside the largest immu-
nological compartment of the human body. Homeostasis is
maintained in a precarious state through the acquisition of
immune tolerance to microbial and food antigens, while re-
maining poised to mount a commensurate immune response
to pathogenic elements of the microbiota. Encounter of for-
eign antigens with local immune cells could be deleterious
to the host, given the potential for triggering the chronic
dysregulated inflammatory response that characterizes in-
flammatory bowel disease (IBD). In fact, contrary to auto-
immunity where the immune system mounts a response to
self-antigens, the initial antigenic triggers in IBD likely orig-
inate from the microbiota. To minimize such potentially
harmful encounters, the gut has acquired a dense and in-
terconnected defensive network, designated as the intestinal
barrier. This anatomically and functionally complex structure
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homeostasis with the intestinal immune system. Although
the role of SIgA in relation to healthy-state conditions has
been extensively studied, the effect that derangements in
IgA production, secretion, and/or function may have during
pathological conditions such as IBD remains largely unex-
plored. Furthermore, B cells have been often dismissed by
some in the field, attributable to the failure of rituximab (an
anti-CD20 antibody) as a therapeutic in patients with ulcer-
ative colitis (UC)." In contrast, rituximab is effective for the
treatment of rheumatoid arthritis and other autoimmune
diseases.>® Despite the peripheral B cell-depleting effect of
rituximab, strikingly, IgA(+) plasmablasts and plasma cells
demonstrate rituximab-resistance. This observation hints to
potential unique characteristics of mucosa resident B cells re-
garding self-sufficiency, long-lived traits or perhaps absence
of CD20(+) on their cell surface.* Our recent studies in mouse
models of IBD lead us to propose that B cell responses may in-
deed be pivotal for the initiation of the disease process, which
eventually becomes self-sustaining and autonomous from its
initial bacterial triggers. Here we review the basics of IgA bi-
ology and summarize available evidence for its role during
homeostasis and IBD.

The Biology of Mucosal IgA

Almost 80% of ASC in mammals are located in the intestine
and the majority of these cells produce IgA, by far the most
abundant immunoglobulin in mammals.’ The terminology
is inconsistent throughout the literature, where plasma cells
are often equated to all ASC. More recently, ASC has been
used as an inclusive term that includes short-lived, dividing
plasmablasts and long-lived terminally differentiated plasma
cells (PCs). The latter should be reserved for ASC in their final
maturation stages (Table 1). The generation of ASC has been
described in detail.® For simplicity, we refer to various types
of B cells (eg, follicular, memory, marginal zone) just as B
cells. Some of the surface markers employed to identify these
subsets are provided on Table 2. The differentiation of B cells
into intestinal IgA+ ASC takes place in the gut-associated
lymphoid tissue (GALT), specifically in small intestinal Peyer
Patches (PPs), mesenteric lymph nodes (MLNSs), cecal patch/
appendix, and isolated lymphoid follicles (ILFs)/tertiary lym-
phoid structures (TLSs)—the latter two found within the in-
testinal LP.” These structures carry germinal centers (GCs),

Table 1. Features of antibody secreting cells.?

Antibody Secreting Cells Plasmablast Plasma Cells
Lifespan + St
Proliferation ++ R

CD138, CXCR4 + +++

CD19, CD20, CD45, . -

MHC class IT

1. Antibody secreting cells (ASC)- refers to proliferating
plasmablasts and nonproliferating plasma cells.

2. Plasmablasts- Dividing ASC with migratory potential
which may further mature into plasma cells.

3. Plasma cells (PC) - Terminally differentiated, non-
replicating ASC able to secrete large amounts of antibodies.

* Table modified from Nutt et al in Nature Rev Immunol (2015)
15:160-171.
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where ASC class switch from IgM to IgA, under the control
of the enzyme activation-induced cytidine deaminase (AID).
The AID-deficient mice lack IgA and IgG, allowing expan-
sion of elements of the microbiota (eg, clostridial species), a
situation referred to as bacterial overgrowth. Class switching
to IgA has been reported in situ within the LP but remains
controversial, as the contribution of ILF/TLS to the process
cannot be excluded.® The IgA inductive sites (eg, PP, ILF)
lack afferent lymphatics, and thus, transfer of antigenic ma-
terial is mediated by a population of highly differentiated
epithelial cells at the follicle-associated epithelium: microfold
(M) cells, goblet cells, as well as CX3CR1+ monocyte-lineage
cells that sample antigens directly from the intestinal lumen,
acting as antigen transfer modules to CD103*/CD11b- DCs
(cDC1)."%1" It should be noted, however, that CD103 expres-
sion is not definitive of cDC1, inasmuch as CD103+/CD11b+
intestinal DC that are cDC2 have also been described. !

T-dependent and Independent Secretory IgA

Terminology found in the literature over the years subdivides
IgA using multiple overlapping terms such as low and high
affinity, natural and induced, polyreactive and specific, canon-
ical and noncanonical, and more. Those terms often refer to
the same IgA subtypes seen from a distinct perspective. The
distinctions have been reviewed in detail by Pabst.'> A com-
monly used classification is based on whether class switch re-
combination (CSR) occurs in the absence (T cell-independent
[TI]) or presence (T cell-dependent [TD]) of T cells."* T
cell-independent and T cell-dependent IgA responses have
been implicated in the control of commensals vs pathogenic
elements of the microbiota, respectively.

T cell-dependent IgA induction requires CSR and so-
matic hypermutation (SHM) after stimulation of the B cell
receptor (BCR), costimulatory signals by T-helper cells via
CD40:CD40L interaction, and cytokine stimuli (eg, inter-
leukin [IL]-4, IL-21, Transforming Growth Factor § [TGFp],
and IL-10)." Notably, the production of TGFf is mediated
by the interaction between B cells and DC in the subepithelial
dome, the space between the follicle associated epithelium and
the B cell follicles in PP. These conditions lead to the expression
of activation-induced cytidine deaminase, DNA recombina-
tion, and the production of IgA.® The core step for produc-
tion of high-affinity IgA is the process of SHM, linked to GC
reactions. This process is mediated by the T follicular helper
cells in the GCs, which allow the selection of high-affinity B
cells and thus the production of antigen-specific I[gA ASC.}

By contrast, TI IgA induction depends on extrafollicular in-
teraction between DC in the subepithelial dome and B cells
that migrate to this area via CCR6-CXCL20 interactions.!®
CSR in the subepithelial dome is mediated through the pro-
duction of TGFp, after the interaction of B cells with integrin
a pe-expressing DC. In addition, several members of the
tumor necrosis factor (TNF) superfamily with a CD40L-
like structure, including B-cell activating factor (BAFF) and
proliferation-inducing ligand (APRIL) appear to facilitate
TI class switching.!”!® Toll-like receptor 4 (TLR4) signaling
induces the expression of both CCL20 and CCL28 on intes-
tinal epithelial cells and APRIL, as indicated by augmented
TI IgA induction in transgenic mice that express activated
TLR4, constitutively.’” Hence, TLR signaling triggered by
commensal bacteria seems a plausible mechanism of TI IgA
class switching."
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Table 2. Selected surface markers for B cell subsets.?
B Cell Subset Mouse Positive Markers Mouse Negative Markers Human Positive Markers Human Negative
Markers
Marginal Zone CD1d, CD9, CD21"eh CD22hish CD93,CD23 CD1¢, CD19, CD20
CD35hsh B220 CD21heh CD27v
Follicular CD19, CD22,CD23 CD1d"v, CD21/35"%v, CD93 CD19, CD20, CD21, CD22, CD23, CD10, CD27
CD38, B220 CD24 CD38v,
CD24iow
Germinal Center ~ CD19, CD37, CD20, GL7, CD93, CD38Low CD10, CD19, CD20, CD23, CD27, CD24low
Siglec2 CD38, CD269, BCMA
Memory B220, CD38", CD62L", CD19, CD20, CD40, CD27", CD23bv, CD38
CD80, CD95 CXCR4,5,7
B reg CD1d", CDS, CD19, CD24 CD62L, CD93w CD1d" CDS, CD19, CD21, CD24beh  CD27v

*Modified from https://www.bdbiosciences.com/content/dam/bdb/marketing-documents/Bcell_Brochure.pdf.

Although CSR and SHM have been described in the TI
setting,”® the production of high-affinity antigen-specific
antibodies was not possible in the absence of T helper cells
in a mousess model.?! In addition, Foxp3+ T cells (T regu-
latory [Treg] cells) are vital for achieving host-microbiome
homeostasis.?? Furthermore, decreased IgA ASC in the intes-
tinal mucosa and absence at extraintestinal sites have been
described in T cell-depleted mice, underlying the importance
of an intact T cell immunity compartment for the develop-
ment of proper IgA ASC responses.? It should be noted that
in the absence of T cells, there is an almost 80% to 90%
depletion of IgA, which indicated a relatively higher contri-
bution of TD to IgA production compared with the T-cell
independent counterpart.'* Intriguingly, GC antigen-specific
PC populations detected after PC depletion reflected the
populations before this intervention, which indicates the
ability of mucosal immunity to memorize past triggers and
regenerate its cellular composition.?* This also suggests that
continuous migration and reentry to GALT GC probably
functions as a mean of ongoing specialization and clonal
selection of recruited B cells, producing highly specific IgA
after repetitive cycles of reentry.** Additionally, memory
IgM B cells can switch to IgA, enriching this cellular pool
in the intestinal mucosa, both via TD and TI IgA induction,
depending on the requirements of the mucosal microenviron-
ment.” This observation also supports an interplay between
TD and TI IgA responses.?

Structure and Function of Secretory (S) IgA

Immunoglobulin A is present as monomers in circulation,
whereas the hallmark of mucosal PCs is their ability to
produce polymeric IgA, mainly dimeric (d)IgA.?® More spe-
cifically, these IgA dimers are composed of 2 monomers,
connected by their Fc, through the joining chain (] chain),
a small polypeptide synthesized by long-lived IgA PC.
The J-chain provides resistance to proteolysis and also
facilitates binding of dIgA to the polymeric immunoglob-
ulin receptor (pIgR).?° The plgR, located at the basolateral
side of intestinal epithelial cells (IECs), is responsible for
the transcytosis of dIgA and IgM to the intestinal lumen.?”
Upon its transfer to the lumen, proteolytic cleavage of the
plgR-dIgA complex occurs. A portion of PIgR, known as
secretory component (SC), and dIgA form what is known as
secretory IgA (SIgA).?” The use of a capital “S” distinguishes

@, »

it from surface (s)IgA, which is spelled witha lowercase “s.

Secretory component is a highly glycosylated peptide that
protects SIgA from proteolysis?” and assists in its anchoring
to mucus. Moreover, SC appears to play a role in the reg-
ulation of the microbiota due to several antimicrobial
functions, which include intraluminal sequestration of
bacteria, neutralization of bacterial toxins, and binding to
pathogenic bacteria.?®?° Free forms of SC are present in mu-
cosa and mucus.*

oEpP7-dependent Transcytosis of IgA

Integrin aEB7 was first identified as the HML-1 an-
tigen, subsequently recognized as integrin aE or CD103%;
it is expressed by malignant B cells and widely used as a
marker for hairy cell leukemia, a B cell cancer.’* Integrin
aEB7 is expressed by intraepithelial lymphocytes (IEL)%
and mediates their interactions with IEC via E-cadherin.?
A mucosal DC subset also expresses aEf73* and is a major
producer of retinoic acid (RA), critical for induction of a
gut-homing phenotype, regulatory T cells (Treg), and IgA
class switching.’*% However, the function of this integrin
for this DC subset remains unclear, as CD103-deficient DC
are not impaired on their ability to perform known physio-
logic functions.? Expression of integrin aEf7 by intestinal
B cells or any role in IgA luminal transport had not been
reported so far.*°

The canonical mechanism for the luminal delivery of IgA
was described in 1981 by Per Brandtzaeg and involves the
release of dIgA by LP ASC into the extracellular milieu, with
subsequent diffusion to reach pIgR on the basolateral side
of IECs.*! We have recently reported on a subset of intes-
tinal IgA+ PC which expresses integrin oEf7 (CD103) and
becomes elongated or sickled and abutt with E-cadherin/
plgR-expressing IEC, a property reminiscent of IEL known
to express CD103 (Figure 1A-C). Such epithelial-docking
PCs were absent in both CD103- or f7-deficient (KO) mice.
CD103 KO cells express a4p7, which allows a baseline
number of IgA ASC to reach the LP; yet the level of SIgA in
the lumen remains low, supporting the functional relevance
of CD103-dependent transcytosis for the optimal transport
and maintenance of luminal SIgA.** Transcriptomic anal-
ysis of sorted CD103+ IgA PC demonstrated that they bear
characteristics of terminal differentiation. They lack ex-
pression of markers that are lost in maturation, including
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E-Cadherin

pigR

. ASC IgA

Figure 1. A subset of IgA+ ASCs acquire and elongated/sickled morphology near the crypt base. A, IgA+ ASCs near the crypt base have an elongated
(sickle-like) morphology (cross sections). B, Higher magnification of an adherent cell with sickled morphology. C, Direct cell to cell contact between
|IEC and sickle cell with extensive RER and IgA immunogold particles (representative TEM image). D, Proposed new model of aEf37-dependent IgA
transcytosis in which aEf7+ IgA+ ASCs dock with IEC to directly relay dIgA to plgR for transcytosis into the intestinal lumen, from Guzman et al.*

CD19, CD20, CD38, and CD79a/CD79b. In addition, they
do not express CD40, indicating that these cells no longer
present antigen, as it is expected from professional PCs.
In contrast, sorted CD103+ IgA PC expressed syndecan-1
(CD138), a classic marker of mature ASC, Tnfrsf17, which
encodes for B cell maturation antigen (BCMA), a marker
of long-lived PC, and integrin 4. Integrin aEb7-expressing
PC predominantly dock with pericryptal epithelium, near
the ileal crypt base. This localization allows us to specu-
late that they play a Paneth-cell like role for the protec-
tion of the stem cell niche. Overall, we described a novel
subset of intestinal aEf7-expressing PC, a novel role for
integrin o EB7 for the maintenance of luminal SIgA, and an
enhanced mechanism for IgA transcytosis via direct relay of
IgA to pIgR by aEp7+PC.#

Canonical vs Noncanonical IgA Binding to Antigens
After dIgA is transcytosed to the intestinal lumen, it binds
to antigens in canonical and/or noncanonical fashion.*
Canonical binding refers to traditional antibody-antigen
interactions through the complementarity determining region
(CDR) of Fab portion to the antigen. Immunoglobulin A al-
ternatively binds to antigens, via non-Fab sites (noncanonical
binding), with J-chain glycosylated sites and SC being pivotal
in this role.* Apart from the highly mutated, antigen-specific
IgA production, poly-reactive IgA (binds to multiple micro-
bial agents) has been described.** Monoclonal IgA coats mul-
tiple microbial species, along with its specific targets.'> Thus,
it is reasonable to assume that high-affinity IgA is a result of
the TD GC antigen-specific responses, mainly targeted against
potentially pathogenic microbial agents, binding canonically
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to its antigen targets. By contrast, polyreactive IgA is induced
by commensals and dietary antigens and binds through non-
specific glycan-mediated interactions.

IgA1 and IgA2

Two IgA isotypes (IgA1 and IgA2) have been recognized in
humans. The ratio of their concentrations varies widely, with
the highest IgA1 levels found in circulation, whereas equal
concentrations of IgA1l and IgA2 are observed within the
colonic mucosa.* The sequences of these 2 isotypes differ
mainly in the hinge region between the Fc and the Fab por-
tion of the antibody, with IgA2 having a shorter one, leading
to increased proteolytic resistance.?® Furthermore, IgA1 and
IgA2 are characterized by different glycosylation profiles,
with IgA1 having more sialic acid.* These differences mirror
different effector features, as IgA1l appears to mainly have
a regulatory role during homeostasis, whereas IgA2 exerts
more pronounced inflammatory functions on neutrophils and
macrophages.* Accordingly, an IgA2 predominant profile
in rheumatoid arthritis autoantibodies correlated with high
inflammatory burden.* Interestingly, although 90% of IgA
class switching occurs through the direct IgM-to-IgA1 and
IgM-to-IgA2 pathways, sequential switching of IgA1 to IgA2
has also been described. This emphasizes the versatility of IgA
adaptation to the microbial environment, as IgA2 responses
are upregulated in the lipopolysaccharide-rich environment
that characterizes the colon.*

Intestinal Trafficking of IgA+ ASC

Naive B lymphocytes circulate between peripheral blood and
secondary lymphoid organs, where they encounter antigens,
get activated, and become effector or memory cells. Such in-
duction sites at the intestinal mucosa consist mainly of PP,
where the majority of IgA+ ASC are generated. Other in-
ductive sites include the MLN and cecal patch/appendix.
During this process, a gut-homing signature is also imprinted
on IgA+ ASC via the acquisition of trafficking receptors
whose ligands are preferentially expressed by the intestinal
microvasculature (ie, CCR9/10, MAdCAM-1). Interestingly,
IgA class switch recombination and the acquisition of gut-
homing trafficking code on B cells are under the control of
the same signals.’**” Dietary vitamin A is converted to reti-
noic acid (RA) by retinal dehydrogenase (RALDH) enzymes
expressed by IEC and antigen-bearing DC. Retinoic acid
induces the expression of a4p7 and CCR9/10 in ASC, rend-
ering them capable of selectively migrating to the intestinal
LP. This is in line with several lines of evidence which dem-
onstrate that homing of ASC to a particular peripheral tissue/
organ is signified by the respective site where the antigen was
initially encountered.

Immunoglobulin A ASCs that are induced in GALT pre-
dominantly express integrin 0437, which facilitates their
binding to its ligand, MAdCAM-1. This leads to the selec-
tive homing of these cells to the intestinal microvasculature
where MAdCAM-1 is expressed.”” By contrast, it is likely
that IgA ASC induced at extraintestinal sites for protection
of other mucosal surfaces (eg, respiratory, genitourinary ep-
ithelium) predominantly express integrin a4$1, which binds
to its ligand, vascular cell-adhesion molecule-1 (VCAM-1).
Furthermore, intestinally induced IgA ASCs express CCR9
and CCR10 that bind to their ligands CCL25 and CCL28, re-
spectively, with the former ligation being intestinal-specific.*’
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Homing of IgA ASC to the bone marrow cannot be excluded,
as these cells express CXCR4 and remain responsive to
CXCL12, which is present in the bone marrow and at the
mucosa.?’

Within the LP, a subset of plasmablasts shed CD19, express
surface IgA, and terminally differentiate into long-lived PC
with discrete morphology characterized by abundant rough
endoplasmic reticulum (Figure 2).4% A subset (2%) of the
CD19¢IgA+ ASC express aE7 and have the most abundant
rough endoplasmic reticulum (RER). Both CCR9 and 7 KO
mice exhibit an ASC deficit in the LP, yet these molecules are
not absolutely required, as these mice are able to maintain
baseline luminal SIgA levels. Their ability to upregulate lu-
minal SIgA under conditions of chronic inflammation is limited.
Regional differences do exist, as indicated by antibody blockade
experiments in mice. In particular, migration of IgA+ ASC to
the small intestine is inhibited by either CCL25 or CCL28
blockade, whereas only anti-CCL28 but not anti-CCL235 treat-
ment prevents colonic trafficking of this population.’® At the
intestinal mucosa, this process is regulated by RA that induces
the expression of a4p37 and CCR9/10 in ASC. Dietary vitamin
A is converted into RA by retinal dehydrogenase (RALDH)
enzymes, which are expressed by IEC and antigen-bearing DC.?
Interestingly, IgA CSR and the acquisition of a gut-homing
molecules on B cells are under the control of the same signals.3**
It was shown that upregulation of CCR10 on developing
plasmablasts is dictated by colonic patch DC.*' These chemo-
kine signals act in accord with a4f37:MAdCAM-1 interactions
to direct IgA+ ASC to the intestinal microvasculature under ho-
meostatic conditions. Plasmablasts that do not express 0437 are
disadvantaged for intestinal entry and likely employ integrin
04p1 to localize to extraintestinal tissues such as the lung and
lacrimal glands. From these data, it is apparent that the expres-
sion of a4 integrins on ASC dictate their migration towards the
gut (a4p7+ cells) or nonintestinal sites (a4f31+). These expres-
sion patterns have recently become of great translational sig-
nificance because integrins have arisen as prominent treatment
targets for chronic immune-mediated diseases (eg, multiple scle-
rosis [MS], IBD).

Some additional points are worth mentioning. First,
MAdCAM-1 is found at extraintestinal locations, including
the lactating mammary gland, the placenta, the inflamed pan-
creas and liver, and possibly the genitourinary tract.’>* This
expression may allow a4p7+ PC to travel to these locations.
Second, it should be noted that although clearly distinct homing
signatures have been described under homeostatic conditions,
those patterns are blurred during chronic inflammation where
multiple homing pathways may contribute to dysregulated
inflammatory cell recruitment.’*¢ A stepwise reliance on
homing mechanisms may also take place from the temporal
perspective. The initial orderly cellular influx may be followed
by an exaggerated homeostatic pattern, later followed by
overlap of inflammatory homing signatures that amplify and
perpetuate the disease process.’” Finally, differences between
human and murine biology should also be considered when
applying mouse data to humans and vice versa.

Differential T and B Cell Dependence on o437 and
04p1 for Intestinal Entry

The dependence of B cells on specific a4 integrins for tissue-
specific trafficking has recently become of great transla-
tional significance since integrins have arisen as prominent
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Figure 2. Major subsets of intestinal B cells show distinct morphology. A, Flow cytometric sorting of intestinal LP B cell lineage cells show 3 major
subsets which include CD19+ IgAm?, CD19+ IgA+ and CD19"9/IgA positive. Subsequent analysis of the CD19+/IgA+ show that the majority express
integrin B7 (likely a4p37) whereas 2% express both aE (CD103) and 7. B, Electron microscopy shows increased rough endoplasmic reticulum and
decreased nucleocytoplasmic ratio in cells that express IgA on the cell surface (representative images from Guzman et al.)*?

treatment targets for chronic immune-mediated diseases,
particularly IBD and MS. These include the anti-integrin
antibodies (eg, 04 subunit natalizumab; a4$7: vedolizumab;
B7: etrolizumab) and the anti-MAdCAM-1 antibody
ontamalimab.’®-%?> Understanding the cellular specificities of
such treatments will be of paramount importance for deter-
mining their efficacy and safety profiles.

We have recently profiled the cellular expression patterns
of a4f7 and a4f31 by cells from distinct lineages in colitis-
prone IL-10-/- mice.®* The B cells/ASC in the colonic LP and
spleen preferentially expressed 0437 over a4f31, whereas the
reverse is the case for CD4+ lymphocytes (Figure 3). The
presence or absence of colitis did not affect those expres-
sion profiles, suggesting that B cell/ASC preferentially use
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Figure 3. Preferential a4p1 and o437 integrins by T and B cells. A, Cellular distribution of integrins a41 and a437 among the major leukocyte lineages
within the colonic LP (LPMC) and spleen. Cells were pre-gated on live, CD45* cells, followed by opt-SNE analysis. Major cell subsets are depicted. B,
Distribution of integrin expressing subpopulations within the CD4*, CD8*, and B cell lineages. T and B cell populations were divided into the indicated

memory subpopulations. From Tyler et al.®®

04p7:MAdCAM-1 binding to enter the intestinal LP during
both homeostatic and inflammatory conditions, whereas
T cells may alternately and efficiently employ a4p1. These
results confirm previous reports showing that integrin 7
and MAdCAM-1 deficiencies predominantly affect the B cell
lineage, resulting in smaller PP size and less LP B cells and
IgA+ ASC.**% Interestingly, we observed the same pattern of
B cell/a4p7 vs T cell/a4p1 differentiation in patients with UC
(unpublished results). In line with the increased expression
of 04p7, we observed in our unpublished results that B cells
are the primarily targeted population by a4p7:MAJdCAM-1
blockade both in mice and in patients with UC.% Along the
same line, Zundler et al recently reported that effector T cells
are highly dependent on a4p1 for migration into the inflamed
ileum of patients with CD.*

IgA as a Regulator of the Intestinal Microbiota

When SIgA enters the intestinal lumen, it recognizes and
interacts with antigens derived from both commensals and
pathogens. These interactions allow SIgA to exert a pivotal
role in shaping the composition of the gut microbiota during
homeostasis with commensals and as an important defense
against pathogens. Recent studies have provided evidence for
a differential role of SIgA during these 2 settings, inasmuch
as substantially diverse responses appear to take place in the
healthy state compared with enteric infections, which mainly
relate to the specificity of antibody reactivity and the depend-
ence on T cell help. This diversity depends on the ability to
SIgA to acquire variable reactivity against bacterial antigens,
which can be cross-species, species-specific or strain-specific.®”
Cross-species or polyreactivity designates reactivity against
structurally disparate antigens such as LPS, CpG, flagellin,

DNA, and capsular polysaccharides among others.*3-73 This
is most probably related to natural (non-TD) antibodies and
gives polyreactive SIgA the ability to interact with various
bacterial taxa. On the other hand, species-specific and strain-
specific reactive SIgA also occur, which bind certain bacterial
intestinal species (likely by recognizing surface carbohydrate
moieties), individual genetic variants or subtypes of a partic-
ular species, respectively. Inmune exclusion refers to antigens
being retained within the lumen, after being bound by IgA,
thus precluding access to the epithelium. This “mechanical”
blockade is mediated by entrapment within the mucus layer,
expulsion via intestinal peristalsis, and/or clearance after an-
tibody agglutination and cross-linkage.”* The luminal spec-
ificity of such mechanism is emphasized by the findings of
Michetti et al, who used BALB/c mice that bore subcuta-
neous hybridoma tumors producing monoclonal IgA against
Salmonella typhimurium (Sal4) and were capable of secreting
monoclonal SIgA into their gastrointestinal tracts. Mice were
protected from systemic infection with S. typhimurium when
bacteria were administered orally but not after intraperitoneal
injection; although Sal4 was detected in the circulation.”
Protection is further enhanced by IgA-mediated neutrali-
zation of surface antigens employed by harmful bacteria
to breach the epithelial barrier, such as adhesins and pili.”
Immunoglobulin A reactivity against such invasive modules
is not confined to bacteria but also include reactivity against
proteins that mediate adherence of fungal hyphae adherence
and invasion of host cells by Candida albicans.”” Another
mechanism is enchained growth, which prevents conjuga-
tive plasmid transfer by segregating bacterial plasmid donors
and recipient clones.”® This mechanism is relevant for control
of low-abundance, fast-growing microorganisms. In addi-
tion, SIgA may also modify the expression of bacterial genes
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that encode for proteins involved in pathogenic mechanisms
against the host. As an example, [gA-specific responses against
flagellin results in downregulation in bacteria, decreasing mo-
tility and pathogenicity.” It should be noted that molecular
modification of intestinal microorganisms by IgA also affects
commensals via immune inclusion, which allows residence at
mucosal sites.®® Finally, “coating” is used by SIgA to augment
antigen sampling by activating resident DC, facilitating entry
of coated antigens to PP.8"$2 Again, regional differences were
noted, as coating was predominantly present at the ileum but
not the colon.® Although these protective mechanisms against
pathogenic microorganisms have been clearly demonstrated,
the extent to which they participate in homeostatic regula-
tion remains unknown. Nevertheless, it is expected that sub-
stantial overlap may take place between IgA reactivity during
healthy and pathological states.

Although the epithelial barrier is often referred as being
in contact with the microbiota, this is imprecise as there is a
500-micron physical/chemical mucus barrier separating our
eukaryotic cells from prokaryotic bacteria. Imunoglobulin
A is an essential chemical component, constituting alongside
the inner and outer mucus layer and natural antimicrobial
peptides, which is the first line of defense against mucosal
invasion by intraluminal organisms with pathogenic poten-
tial. In fact, constituents of the barrier act in synergy, inas-
much as failure of an individual mechanism may lead to
compensatory upregulation of the remaining factors. This
was recently shown in mice that were deficient for the nat-
ural antimicrobial lectin ReglIly.** Deficiency led to increased
bacterial colonization of intestinal epithelium, followed by
compensatory increased IgA production.®* Converging lines
of evidence support the notion that the homeostatic func-
tion of SIgA is mediated via TI polyreactive responses with
or without limited somatic hypermutation or affinity matu-
ration.”® Although only 7% of the intraluminal SIgA is cross-
species reactive, it has a major impact on the diversification
of commensal microbiota. This was shown in studies that
demonstrated a genetically defined predisposition of BALB/c
mice for higher production of polyreactive SIgA compared
with C57BL/6 mice.® The pathophysiological implications of
these differences were further demonstrated by showing that
the former strain displayed wider microflora diversity due
to higher abundance of polyreactive SIgA, which was also
present in germ-free BALB/c mice. Further supporting the
concept of naturally occurring polyreactive antibodies is the
fact that natural IgA PCs are detected in germ-free mice that
are not exposed to external antigenic stimulation and dem-
onstrate specificities that are identical to IgA from specific-
pathogen-free (SPF) mice.*+6%%5

Recently, IgA-seq methodology, which encompasses bac-
terial flow cytometric sorting coupled with 16S rRNA
sequencing, has allowed delineation of a range of IgA-
coated microorganisms and has showed that this process
is characterized by taxonomical selectivity.?>#* Enriched
within the IgA-coated population are members of the phylum
Proteobacteria, the Th17-inducing segmented filamentous
bacteria (SFB), and members of the Mucispirillum, Prevotella,
and Helicobacter species.**$39-%3 Interestingly, most of those
microorganisms have a preferential predilection for localizing
in proximity to small intestinal epithelium, which may ex-
plain the higher abundance of IgA+ PC in the ileal compared
with the colonic LP and of IgA-coated bacteria within the
small intestinal lumen. On the other hand, the most abundant
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commensal phyla, namely Firmicutes and Bacteroidetes,
are not bound by IgA antibodies—although exceptions do
occur, including the Lactobacilli and Clostridial species, as
well as Akkermansia mucinophila.®>° The importance of
SIgA for mucosal homeostasis and microbiota composition is
emphasized by dysbiosis in mouse strains that are deficient in
luminal IgA (eg, AID, pIgR KO).*

We and others® have recently reported that IL-10/integrin
7 double KO mice have compromised ASC entry into the LP
(Figure 4A), leading to a luminal IgA deficit (Figure 4B) and
an accelerated colitic phenotype with early lethality (Figure
4C). Colitis in IL-10 KO is also hastened by MAdCAM-1
blockade, which progressively lowers fecal SIgA (Figure 4D)
by blocking intestinal ASC entry. In both the congenital $7
deficit and inducible MAdCAM-1 blockade, we observed
bacterial overgrowth (Figure 4F) and an altered microbiota
composition, different from that previously reported induced
by the development of colitis.’**¢

In contrast to the polyreactive SIgA dominant homeostatic
pathway, responsiveness to microorganisms with pathogenic
potential employs IgA responses that are characterized by
both high specificity and affinity. These occur in the germinal
centers of inductive sites of the GALT and mimic those that
occur during systemic immunity to infectious agents or other
foreign antigens.?

IgA Defects During Intestinal Inflammation

Plasma cells are amongst the most abundant cells with the
inflammatory infiltrate that characterizes IBD. Their presence
serves both as an indicator of the chronicity and as a pre-
dictor of relapse in UC.”” Moreover, in CD, serum humoral
responses against antigens derived from the commensal flora
precede clinical inflammation and have prognostic value for
assessing disease severity.”®” In addition, dysbiosis is a core
disturbance of the mucosal environment in patients with
CD and UC, although whether this is the cause or effect of
chronic inflammation remains unanswered.!® Despite those
facts, the contribution of B cells, ASC, and IgA to the path-
ogenesis of IBD has been largely understudied, particularly
when compared with T cell responses.

Under healthy-state conditions, a minority (<5%) of the
total IgA is employed for bacterial coating. This percentage
is, however, substantially increased in patients with IBD.
Interestingly, in patients with a disease flare, an increase in
IgA-, IgM-, and IgG-coated bacteria has been observed.!”!
Nevertheless, only IgA-coating persisted during long-term
remission, indicating a certain specificity of IgA responses.
This was further exemplified in a study by Palm et al®® who
colonized germ-free mice with IgA-coated and uncoated
bacteria from IBD patients. Upon challenge with dextran
sulphate sodium (DSS), recipients of the IgA-coated consortia
developed more severe colitis than mice colonized with the
IgA-uncoated bacteria, thus suggesting that the IgA-coated
fraction bears the most pathogenetic potential. Interestingly,
a recent study compared IgA-coated bacteria between
patients with CD with or without spondylarthropathy!??
and demonstrated selective enrichment with IgA-coated E.
coli in in the former, which elicits a Th17 immune response.
Therefore, IgA coating may signify the presence of resident
bacteria with pathogenetic potential, not only locally but sys-
temically. Additional defective, IgA-related pathways may
also exist in subsets of patients with CD, where mutations
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in the Nod/Card15 gene are prevalent and in certain cases
affect retrograde transport of antigen-carrying SIgA in PP.
This led to the hypothesis that NOD2 deficiency increases
the influx of bound antigens to the intestine and subsequent
enhanced inflammatory responses, as it was shown by worse
inflammation in NOD2 KO mice that were challenged with
S. typhimurium bound with murine IgA.'%

In recent years, significant technological advances have
taken place in mucosal immunology via the increased incor-
poration of single-cell immunophenotyping methodologies,
which allow investigators to delineate with the utmost detail
the changes in the cellular composition in a particular com-
partment in association to a particular condition (ie, inflam-
mation) or following a specific treatment (ie, biologics). Using
this methodology, Uzzan et al characterized the mucosal and
peripheral blood B cells in healthy individuals and patients
with UC.'" The authors provide evidence for a substantially
dysregulated B cell response in UC.!""* Changes associated
with UC included elevations in the number of naive B cells

and IgG+ PC that showed restricted diversity and maturation,
clonal expansion of auto-reactive, anti-avf36 plasma cells at
the inflamed mucosa, and presence of an intestinal CXCL13-
bearing peripheral T helper cells reminiscent of TFH-like
cells that were associated with pathogenic B cell responses.!*
Those changes in local humoral immunity drove similar
alterations at the circulating compartment that was enriched
in gut-homing plasmablasts.!®* Of translational significance
was the discovery that the number of those cells were pre-
dictive of higher disease activity and a complicated disease
course.!*

Antibody Responses to Bacterial Antigens in
Patients with IBD

Several studies have reported the presence of IgA (and IgG)
reactive to E. coli outer-membrane porin C, the Pseudomonas
fluorescens—associated sequence 12, anti-Saccharomyces
cerevisiae and flagellin in sera from patients with IBD.!%106
Recently, exciting new data have shown that the presence
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of certain serum biomarkers could predict the eventual de-
velopment of IBD. Serum samples from the United States
Defense Medical Surveillance System were screened for the
presence of antimicrobial antibodies and other proteins.
Profiles of patients who eventually developed CD or UC were
compared with healthy controls, demonstrating that specific
biomarkers had a high predictive value up to 5 years prior
to diagnosis. The discriminative probability between CD and
heathy controls increased when ASCA-IgA positivity was in-
cluded in the model. These results indicated that IgA reac-
tivity against bacterial antigens preceded the development of
clinical IBD and may, therefore, represent an early pathoge-
netic trigger.'%’

Mucosal Phenotype in Mice with Luminal IgA
Deficiency

Data from animal models provide additional mechanistic
information regarding the role of B cell/ASC/IgA during ho-
meostasis and IBD. Mice with differential baseline IgA levels
show diverse susceptibility to chemically induced colitis. The
CBA/Ca] (CBA) mice with high luminal SIgA and bacterial
coating result in lower bacterial load upon challenge with
DSS and decreased colitis severity. In contrast, C57BL/6 mice
with lower baseline IgA suffer from worse colitis.'*

In fact, several studies have shown that murine strains with
deficiencies in the production and/or function of IgA uni-
formly develop intestinal dysbiosis and increased severity of
spontaneous or trigger-induced inflammation. Such strains
include the pIgR deficient (defective IgA/M transcytosis),'”
the inducible costimulator ligand (ICOSL)-deficient (reduced
IgA, although control mice may not have been cohoused
littermates),'* and the ATF3 (activating transcription factor
3)-deficient mice (compromised development of TFH cells
and reduced SIgA production).!®!"" Although the precise
effects on microbiota differ between those strains, dysbiosis is
a common denominator, which emphasizes the pivotal role of
SIgA for the preservation of a mucosal homeostasis.

Recently, Nagaishi et al reported their findings on the
clinicopathological phenotype, immunological character-
istics, and gut-microbiome composition in a mouse line
that lacked the constant region of the IgH o chain and was
therefore rendered incapable of producing IgA (IgA KO).!'?
Interestingly, the effects of IgA deficiency were confined to the
ileum but not the remainder of the GI segments.!!? Such effects
consisted of spontaneous ileitis, associated with increased
local production of cytokines and LP CD4+ T cells!'? and
skewed composition of the gut microflora, with increased
representation of SFB in ileum.!"? The investigators also de-
veloped a murine line with a <50 base pair deletion in the
cytoplasmic region of the IgA allele; the lack of a phenotype
indicated that the cytoplasmic region of IgA is dispensable for
protection from ileitis.!'? Taken together, these findings point
to a critical homeostatic role of IgA, which, however, shows
compartmentalization along the GI tract, appearing singu-
larly important in ileum.

We have recently studied the effects of genetic or pharma-
cological neutralization of the a437/MAdCAM-1 trafficking
pathway on gut homeostasis.®> We examined IL-10 KO mice
that were also rendered deficient in 04p7/MAdCAM-1-
pathway by either concomitant 7 deficiency or treatment
with anti-MAdCAM-1 neutralizing antibodies (Figures 4,
5). In all cases, we observed a deficit in luminal IgA, which
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was associated with the development of a dysbiotic mi-
crobiota (Figure 4). The latter was indicated by lower a
diversity and altered ( diversity by principal component
analysis.®> We then compared their phenotype with IL-10
KO mice that were also deficient in IgA (IL-10/IgA double
[D]KO). Interestingly, we observed that the immunolog-
ical and microbiome phenotypes of IL-10/IgA DKO mice
overlapped with those of IL-10/f7 DKO mice manifested by
aggressive colitis and similar changes in microbial counts and
community composition (Figure 5). This included decreased
representation of Bacteroides and increased Clostridiales in
both cases. Similarly to our work, Fagarasan et al also re-
ported prominent expansion of Clostridia in AID-deficient
mice which also have compromised SIgA due to their class
switch defect.''

Regulatory B Cells

In addition to the dysregulation of IgA secretion and/or
function, other abnormalities regarding the B cell lineage
also take place during active IBD and may contribute to
its pathogenesis. Among those, regulatory B Cells (Bregs)
have attracted attention due to their established role in ho-
meostasis and therapeutic potential in patients with CD or
UC. The term Bregs was introduced in 2002 in reference
to a population of B cells with suppressive function, prin-
cipally via secretion of IL-10.!"* Among other properties,
those cells control the mucosal balance of effector and reg-
ulatory T cells and exert anti-inflammatory function in mu-
rine models of chronic inflammation.'> Apart from IL-10
production they are CD19"¢"CD1d"¢" respond to IL-33,
produce TGFp, and/or express Foxp3.!''8 A cluster of
cytokines, mainly of the regulatory type, have been asso-
ciated with the induction and function of Bregs, including
among others 1L-10, IL-33, IL-35, IL-21, IL-6, IL-1B, [FNa,
BAFE, and APRIL." Accordingly in experimental models,
Bregs ameliorate the severity of colitis.'?® Like for IgA in-
duction, the generation of Bregs also depends on stimula-
tory signals from the gut microbiota. Recently, Maerz et al
reported that the generation and maintenance of mucosal
Bregs depend on input driven from specific (but not all)
commensals via Toll-like receptors.'?! Such stimulation by
immunogenic commensals led to the upregulation of IL-10
and rendered Bregs capable of preventing DC activation,
direct T-effector polarization from Th1 and Th17 towards
the Th2 pathway, and expanding the Treg pool. The clinical
significance of such observations was supported by amelio-
ration of DSS colitis in the presence of commensals with the
ability to induce Bregs. Recent studies indicate that active
CD or UC may be associated with decreased Bregs. In one
such study, Bregs, defined as CD24hs/CD38"sh and CDS5+
populations (high IL-10 producers), were decreased in active
UC, and their percentage correlated with disease activity.'??
In a similar manner, it was shown that the population of
CD19""CD1d"¢" IL-10-producing B cells were decreased in
patients with CD."'¢ Taken together, those studies indicate
that a quantitative and/or functional deficit of Bregs may
participate in IBD pathogenesis, thus setting the foundation
for the therapeutic manipulation of this subset. Nevertheless,
the clinical application of such preliminary observations
may prove more challenging, given the dichotomous roles
of Breg-derived cytokines in the pathogenesis of chronic in-
flammatory diseases.'"”
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Ongoing work from our laboratory similarly suggests
that the attenuation of T cell transfer colitis seen with B
cells cotransfer is in part mediated by restoration of luminal
SIgA, which restores bacterial IgA coating, reducing bacterial
counts and modulating microbiota composition (unpublished
results). Lastly, we have recently observed that IL-10-deficient
mice have a baseline systemic and luminal IgA deficit,
resulting in a blunted IgA response with the development of
colitis. We propose that IL-10 has an underappreciated role
during class switching that is only partly corrected by TGFp.
Thus, IgA may similarly play a critical role for the pathogen-
esis of colitis in IL-10 KO mice (unpublished results). Taken
together, these data support a critical role of luminal SIgA for
the maintenance of a healthy microbiota and the preservation
of gut homeostasis.

Conclusions

Luminal SIgA is a critical evolutionary mechanism that allows
vertebrates to survive a potentially hostile microbiota, while
letting us reap the benefits of our mutual coexistence. It is an
integral part of a broader structural and functional network
that is the mucosal barrier, which operates under the principle
that the best offense is a good defense against constituents
of a highly integrated ecological environment comprised of
the commensal flora and dietary antigens. The complexity
and delicate balance of this “firewall” is demonstrated by
the fact that maintenance of adequate SIgA levels is the sum
of multiple independent yet interconnected local and sys-
temic processes acquired by mammals over millions of years
of coexisting evolution. A simplified version of the required
steps and molecules involved within this complex and vital
processes include:

1. B cell progenitor production at bone marrow

2. Development and organization of inductive sites
(PP, MLN, ILF/TLS) required for IgA class switching
(LTo,LTP)

3. B cell migration into inductive sites (CXCRS)

4. IgA class switching within inductive sites (AID, IL-10,
IL-10R)

5. Egress from inductive sites to circulation (S1PR1)
6. IgA ASC recruitment to LP (CCRY, 047, MAACAM-1)
7. IgA transcytosis (pIgR, aER7).

Under homeostatic conditions, disruption of any of these
steps may be compensated by expansion of others. As an
example, we have observed that decreased LP ASCs re-
cruitment as seen in 7 KO mice leads to overexpression of
plgR.* Thus, mice with disruption at any of the previously
mentioned individual pathways, kept in the relatively clean
conditions of a vivarium, reach sexual maturity and repro-
duce. Indeed, 37-deficient mice show only mild changes in mi-
crobiota composition, despite showing marked LP IgA ASC
and luminal IgA deficits.'® The phenotype of MAdCAM1-
deficient mice is nearly identical, suggesting that these crit-
ical molecules are dispensable under homeostatic conditions,
where baseline levels of IgA ASC reach the intestinal LP, likely
through a4p1/VCAM-1 interactions. Our ongoing studies
demonstrate that luminal SIgA levels increase with the devel-
opment of ileitis or colitis in every IBD model studied, with
a relatively intact immune system. Increased luminal SIgA is
likely triggered by a hyper-response to bacterial antigens and
TLR ligands. In this inflammatory setting, mice that are not
able to match the microbial antigenic load from a breached
intestinal barrier with a commensurate SIgA response are
most susceptible to worse disease and death from colitis. We
have tested this hypothesis by adding “second hit” challenges
(IL-10 deficit, TNF overproduction, MAdACAM-1 blockade)
resulting in uniform worsening of IBD. We predict that dis-
ruption of any of the previously mentioned steps that cannot
be readily compensated by other mechanisms will similarly
lead to worse IBD and or lethality. Interleukin-10 KO mice
in B6 background are particularly susceptible because at
baseline they have significantly lower levels of IgA than reg-
ular B6 counterparts (unpublished results). Thus, a second
hit that impairs the necessary IgA response to an antigenic
challenge leads to death, as we have shown with both 7-
and IgA-deficient IL-10 DKO mice (Figure 4, 5) and after
MAdCAM-1 blockade. We anticipate that impairment of any
of the steps listed previously might further compromise the
ability of IL-10 KO mice to mount the required luminal IgA
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response and similarly hasten colitis leading to lethality. In
practical terms, the only way that we can breed either 7- or
IgA-deficient IL-10 DKO mice is by maintaining the IL-10 KO
allele as heterozygous in the breeders. Neither DKO strain
consistently breeds in the homozygous state, as they develop
early and more severe colitis (unpublished results).

An alternative pathophysiologic hypothesis is that during
IBD there are exaggerated potentially harmful IgA responses
that should be contained by interfering with one or more of
these described mechanisms. As is the case with other aspects
of mucosal immunity, overlap between healthy and patholog-
ical responses may exist, and the effect of a therapeutic inter-
vention may largely depend on the specific clinical context
and immunological background. This is particularly relevant
as several current therapies may affect the biology of IgA.
Currently, 0437/ MAdCAM-1 blockade is a major strategy in
IBD. As this trafficking pathway is preferentially utilized by B
cell lineage cells, including IgA+ ASC, the prediction from the
mouse model data is that patients treated with vedolizumab
or ontamalimab might have SIgA deficits. In support of this, a
single dose of vedolizumab was shown to lower secretory IgA
(SIgA) levels in stool and weaken the immunization response
to oral cholera vaccine in healthy volunteers.'** However, it
is also possible that millions of years of divergent evolution
have rendered us humans less dependent on IgA to maintain
homeostasis with our microbiota. Alternatively, B cells may
develop less reliance on a4B7 with the sustained blockade
of the pathway. Future research should focus on clarifying
whether such alterations might be of clinical significance and
may affect efficacy and/or safety in subsets of patients with
IBD.

The link between mouse and human IBD might not be
yet obvious because the B cell/ASC/IgA axis might play its
most critical role during the initial triggering response to
bacterial antigens leading to a chronic autonomous immune
dysregulation. Of note is that the initial immune responses
in IBD likely begin years before clinical IBD manifestations
appear and patients seek care. We speculate that the even-
tual confluence of enhanced knowledge of IBD genetics in
addition to the microbiota and their interaction with immu-
nity might finally lead to an understanding of the underlying
triggers that lead to IBD, opening the door for potentially pre-
ventive strategies beyond current therapeutics.
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