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Abstract
The intestinal mucosa is densely packed with antibody-secreting B cells, the majority of which
produce IgA. Mucosal antibodies have traditionally been thought of as neutralizing antibodies that
exclude antigens, but they also function in antigen sampling, allowing for selective transcytosis of
antigens from the intestinal lumen. IgE-mediated antigen uptake can facilitate the development of
allergic reactions to foods, but emerging evidence indicates that IgG-mediated antigen uptake may
also play an important role in the development of immune tolerance to foods, particularly in the
neonate. This review will focus on the role of intestinal immunoglobulins in the development of
clinical tolerance and allergy to food antigens.
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Introduction
The average dietary protein intake in North America is in the range of 50 g for young
children to greater than 90 g for adults [1]. The vast majority of this is digested and absorbed
as amino acids or non-immunogenic di- and tri-peptides. Despite the efficiency of this
protein digestion, intact food antigens can be detected in the systemic circulation after a
meal [2]. The immune system is not ignorant of these dietary antigens, and food-specific
antibodies in circulation are commonly found despite a state of clinical tolerance to the
foods [3]. Much of what we know about the development of sensitization or tolerance to
foods comes from animal studies in which a novel antigen is given to a naïve mouse, but in
humans there is repeated exposure to food antigens over time. The existing immune
response to food antigens is likely to influence the response to subsequent exposures, and
emerging data highlights the role of mucosal immunoglobulins in shaping the immune
response to food antigens. Furthermore, antibodies in breast milk may influence the
development of tolerance in the neonate. This is not merely due to immune exclusion, but
due to modifying antigen presentation and the resulting cellular and humoral immune
response to food antigens. Understanding how antibodies influence the response to dietary
antigens has important implications for therapies aimed at re-establishing tolerance to food
allergens.
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Gastrointestinal antigen sampling
The gastrointestinal tract is exposed to a significant antigen burden derived from food. Much
of what is known about antigen uptake in the gastrointestinal tract is focused on the small
intestine. Because the small intestine is the site of nutrient absorption, and is the least
resistant by electrophysiology measurement, it has been thought to be the most relevant site
of antigenic exposure as well. However, similar to the stratified epithelium of the skin, there
is a dense network of antigen presenting cells within the stratified epithelium of the mouth
[4,5] and esophagus [6,7], suggesting a readiness to absorb and present antigens at these
sites. The contribution of the mouth or esophagus to tolerance or sensitization to food
antigens remains unclear, although sublingual routes can be effective for both vaccination
and tolerance induction [8,9]. This review will focus on antigen uptake in the small intestine.

Soluble and particulate antigens are handled by distinct mechanisms in the small intestine.
Particulate antigens, such as viruses and bacteria, are preferentially taken up into the gut-
associated lymphoid tissue including Peyer’s patches and isolated lymphoid follicles. This is
due to the presence of a specialized subset of epithelial cells termed M cells in the follicle-
associated epithelium overlying the Peyer’s patches and isolated lymphoid follicles. M cells
are flattened cells with a minimal cytoplasm and sparse glycocalyx, and their lack of
microvilli makes them visible by scanning electron microscopy. Antigens taken up by M
cells are rapidly transported to the organized lymphoid tissue below, including a network of
subepithelial DCs in the Peyer’s patches. M cells have also been identified as scattered cells
between enterocytes of the villus [10].

Soluble antigens including many food antigens are not preferentially sampled by the M
cells, and are taken up primarily across enterocytes lining the intestinal villus. Under normal
conditions, uptake of intact macromolecules occurs by a transcellular transport mechanism
depositing antigenic material across the basolateral surface of the epithelium. This results in
an immunologically significant quantity of food antigen reaching the systemic circulation
intact after a meal [11]. Another mechanism of uptake of antigens includes direct sampling
by resident phagocytes that extend dendrites between enterocytes and can directly engulf
bacteria from the intestinal lumen [12]. The dendrite-extending cells are CD11c+, but they
are functionally closer to macrophages than dendritic cells and do not migrate to the
draining lymph node under steady state conditions [13]. They are efficient at capturing
antigen [14], and there is evidence that these resident CD11c+ macrophages play a role in
the expansion of antigen-specific regulatory T cells during development of immune
tolerance to fed antigens [15].

The route of uptake of food allergens has a significant influence on the fate of the response
to that antigen. We studied the three major allergens in milk with respect to antigen uptake
in a mouse model of food allergy. The whey proteins α-lactalbumin (ALA) and β-
lactoglobulin (BLG) are soluble and readily taken up across villus enterocytes where they
can be visualized in the lamina propria [16]. In contrast, the allergen casein is found in
micelles, is excluded from uptake by villus enterocytes, and is preferentially taken up into
Peyer’s patches. Heating of ALA and BLG renders them insoluble, and they are
preferentially taken up into Peyer’s patches like casein. We found that delivery into the
Peyer’s patches resulted in a more robust sensitization (elevated antibody and cytokine
responses), but if these antigens were unable to traffic across the villus enterocytes they
were unable to elicit anaphylactic symptoms when mice were orally challenged. We also
showed that heating of egg allergens reduced their ability to traffic across human epithelial
cells in vitro, and abolished their ability to trigger reactions by the oral route in sensitized
mice [17]. Clearly routes of antigen uptake in the intestinal mucosa can influence immune
responsiveness to that antigen. Factors such as the food matrix also influence the digestion
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and absorption of intact food allergens for presentation to the mucosal immune system
[18,19].

Studies on intestinal antigen uptake have primarily been performed in animals that are naïve
to the antigen. But it has been known for many years that prior immunization or
sensitization can modify the uptake of antigens in the intestine [20,21]. Prior exposure may
lead to immune exclusion through the production of neutralizing antibodies, but there is a
growing body of literature showing that mucosal antibodies can promote selective uptake of
antigens across the epithelial barrier. This antibody-facilitated uptake leads to an alteration
in the response of the mucosal immune system to that antigen, as will be reviewed below.

Mucosal antibody production
Immunostaining studies of human intestine provide striking visual evidence of the density of
antibody secreting cells in the gastrointestinal mucosa under homeostatic conditions [22].
80% of the body’s plasma cells are found in the gut. In the small intestine these are
primarily polymeric IgA (pIgA) producing cells (~80%), followed by polymeric IgM
(pIgM) secreting cells (15–20%), and IgG-secreting cells (3–4%). IgD-secreting cells can be
found but are rare compared to the nasal mucosa or salivary glands. B cells in the mucosa
highly express joining or “J” chain that is covalently bound to IgA and IgM to form
immunoglobulin dimers and pentamers, respectively. J chain facilitates binding to the
polymeric immunoglobulin receptor (pIgR) that exports immunoglobulins across the
epithelial layer. In contrast to other isotypes, IgE-secreting B cells have not been
demonstrated in the normal human gastrointestinal lamina propria.

Mucosal IgA- and IgG-secreting plasma cells are induced in the gut associated lymphoid
tissue and mesenteric lymph nodes, followed by homing to the effector sites of the small
intestinal lamina propria through expression of gut homing molecules α4β7 and the
chemokine receptor CCR9 [23]. Isolated lymphoid follicles are also a substantial source of
IgA, and are thought to play a critical role in fine-tuning the microbial load in the distal
small intestine [24]. Local IgA class-switching has also been shown to occur within the
lamina propria under the regulation of epithelial-derived cytokines [25,26]. There are two
sub-types of IgA in humans, IgA1 and IgA2. IgA2 is resistant to bacterial proteases that
cleave IgA1, and may therefore be more stable in the intestinal lumen. Serum IgA is
predominantly IgA1, while mucosal IgA includes a substantial fraction of IgA2, which
becomes the dominant subclass in the colon. Immunization with protein antigens such as
tetanus preferentially induces the IgA1 subclass, while microbial polysaccharide antigens
such as Haemophilus influenzae type b or Streptococcus pneumoniae capsular
polysaccharides preferentially induce IgA2 antibodies [27].

In the absence of IgA, either in IgA-deficient humans or IgA-knockout mice, there is a
compensatory increase in the secretion of IgM and IgG (or the presence of their secreting
cells) that can contribute to protection against pathogenic insults [28]. IgA-deficiency can be
found in otherwise healthy individuals, although IgA-deficiency is associated with higher
levels of systemic antibody responses to foods antigens [29,30]. Systemic sensitization to
foods may reflect a lack of appropriate compartmentalization of food antigens. For example,
when compartmentalization of the intestinal microbial contents fails, a systemic antibody
response to the commensal flora is generated that preserves the health of the organism, but
when both local and systemic defenses are disrupted experimentally, a failure to thrive is
observed in mice [31]. Therefore there are many layers of immunity that serve to keep
microbes contained; failed mucosal compartmentalization of food antigens may play a role
in the development of allergic sensitization to foods. The role of IgA as a key component of
this mucosal compartmentalization will be discussed in further detail below.
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Epithelial Expression of Fc Receptors
The intestinal epithelium is formed by a single layer of columnar epithelial cells that are
connected at the apical pole by tight junctions that prevent the passive diffusion of
macromolecules [32]. This not only limits antigens in the intestinal lumen from entry into
the body, it limits immunoglobulins from reaching the intestinal lumen by diffusion.
Intestinal immunoglobulin receptors are therefore needed to actively transport
immunoglobulins across the epithelium and into the intestinal lumen. This system is best
understood for the transport of secretory IgA (SIgA) and IgM (SIgM) [33]. SIgA was
initially found to contain a glycoprotein called “secretory component” (SC) that was
produced by the epithelium, not the plasma cell generating the pIgA [34]. SC is a proteolytic
fragment of the IgA receptor pIgR that is cleaved to release pIgA containing J chain as well
as SC. The binding of SC to pIgA provides enhanced stability in the intestinal lumen. pIgR
binds to the J chain [35], found within both dimeric IgA and pentameric IgM. Transport of
IgA by pIgR is uni-directional, since the ligand-binding portion of the receptor is cleaved at
the apical surface to release SIgA. In mice that are genetically deficient for pIgR, there is a
significant loss of secreted IgA and a significant increase in serum IgA [36]. A second
receptor for IgA has been reported on M cells within the dome epithelium of Peyer’s
patches. sIgA and sIgA-antigen complexes bind specifically to M cells, and this interaction
is not inhibited by antibodies against Fcα1 [37]. This receptor would allow for uptake of
IgA and antigen, and will be discussed in further detail below.

In addition to receptors for pIgA and pIgM, the intestinal epithelium also expresses a
receptor for IgG, known as the neonatal Fc receptor or FcRn. This was first isolated from
neonatal rat intestine, and is an MHC Class I-like molecule that forms a heterodimer with
β2-microglobulin [38]. FcRn expression is lost post-weaning in rats, but in humans FcRn is
expressed into adulthood [39]. Human FcRn has been shown to be a bi-directional
transporter of IgG [40]. The receptor is best recognized as facilitating the uptake of maternal
milk-derived immunoglobulins and therefore playing an important role in neonatal
immunity. IgG has not been typically considered a secretory immunoglobulin since levels
are low compared to IgA and IgM, but as will be discussed further, the presence of antigen-
specific IgG in the intestinal lumen can have significant influence on immunity to food and
flora.

IgE has not been described to be present in intestinal secretions, saliva, or nasal secretions
under normal conditions [41], although it can be found in secreted form under the conditions
of allergy and helminth infection [41–44]. Like IgA and IgG, this is associated with an
epithelial receptor for IgE. The low-affinity IgE receptor CD23 was first described by
Kaiserlian et al as being expressed and up-regulated on human intestinal epithelial cells in
the context of intestinal inflammation [45]. Subsequently it was identified on rat and mouse
epithelial cells in the context of allergic sensitization [46,47]. We have found that there is
constitutive expression of CD23 by human intestinal epithelial cells, as measured by
quantitative PCR and immunostaining ([48] and unpublished observations), and that these
levels are not altered in the context of inflammation. The high-affinity IgE receptor FcεRI
has also been reported on human intestinal epithelial cells [49].

Regulation of food allergic responses by IgA
IgA is the prototypic mucosal immunoglobulin, and is thought to contribute to mucosal
homeostasis by limiting the uptake of antigens from the gut lumen. Binding of antigens by
IgA in the lumen prevents their uptake, and if antigens penetrate the epithelial barrier they
can be bound to IgA and secreted back out into the lumen with the IgA. As a neutralizing
antibody, IgA has been hypothesized to play a protective role in the context of food allergy.
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IgA responses were examined experimentally in mice sensitized or tolerized to the milk
allergen BLG [50]. Intestinal IgA responses were elevated in tolerized mice compared to
naïve or sensitized mice, but in contrast serum IgA responses were elevated in sensitized
mice compared to naïve or tolerized mice. These data support the concept that local sIgA is
protective against food allergy, but this was not directly tested. Strait et al addressed the
protective effect of IgA against anaphylaxis by using a passive transfer approach [51]. They
found that systemic transfer of antigen-specific IgA was protective against anaphylaxis
triggered by the oral route. This was not dependent on pIgR or secretion into the lumen, and
surprisingly IgA had no protective effect when it was administered together with the antigen
intra-luminally. These data clearly show that IgA has protective effects at the systemic level,
but do not rule out a protective role for IgA at the mucosa surface. Administration of IgA
monomers intra-luminally may not reflect the normal situation in which dimers containing J
chain are produced locally and secreted with SC in a form that is resistant to acid digestion.

In humans, IgA-deficiency in children has been reported to be associated with elevated
frequency of food allergy [52]. Furthermore, antigen-specific and total IgA levels in
maternal milk were found to be significantly lower in mothers whose children developed
cow’s milk allergy, indicating that IgA may play a critical role in preventing early
sensitization to food allergens [53]. From a therapeutic approach, sublingual immunotherapy
with peanut for the treatment of peanut allergy in humans resulted in an increase in peanut-
specific IgA levels in saliva, and levels of IgA correlated with the degree of clinical
protection [54]. Together with the mouse data, these results support the concept that antigen-
specific IgA is protective against primary sensitization or triggering of allergic reactions by
food antigens. Factors that contribute to the generation of IgA-secreting plasma cells such as
retinoic acid [55] may be useful adjuvant therapy together with immunotherapy for the
generation of clinical tolerance. It should be noted that retinoic acid is not uniformly
regulatory in function and in an IL-15-rich milieu can promote inflammatory responses to
food antigens [56].

As mentioned previously, a second receptor for IgA has been described on M cells overlying
Peyer’s patches although the identity of this receptor remains unknown [37]. Rather than
participating in immune exclusion, this receptor appears to play a role in antigen sampling
from the luminal to serosal direction [57]. There is selective uptake of SIgA-antigen
complexes by the M cell. Binding of antigen to SIgA was shown to alter its conformational
structure and enhance binding to known IgA receptors [58], suggesting a mechanism by
which SIgA-antigen complexes could compete with free SIgA for uptake by M cells. Having
crossed the M cell, SIgA-antigen complexes can interact with sub-epithelial dendritic cells.
The interaction of SIgA with dendritic cells is mediated by the C-type lectin DC-SIGN [59].
Antigen presented in the context of IgA generates a different immune response than that of
antigen presented alone. This was shown experimentally by orally administering mouse
pIgA containing human SC, which generated a robust IgA and IgG1 response against human
SC, similar to the response of orally administering human SC together with the mucosal
adjuvant cholera toxin [60]. Administration of human SC alone did not elicit any significant
antibody response. These experiments were done in naïve animals to address the
immunomodulatory role of IgA, and may be representative of the neonatal situation when
the infant is provided with maternal IgA and antigens via breast milk. These data suggest
that maternal IgA may facilitate presentation of antigens to the neonatal mucosal immune
system by selective uptake into Peyer’s patches and shape the subsequent immune response.
In the context of an existing IgA response, when adaptive immunity to an antigen has
already been established, the impact of IgA-facilitated presentation through the gut is not
known.
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IgG-facilitated antigen sampling: role in tolerance
In human intestinal epithelial cells FcRn is expressed into adulthood [39], beyond a time-
point when it could have any role in passive transfer of immunity from breast milk. The
discovery that FcRn on human intestinal epithelial cells was a bi-directional transporter of
IgG led to the hypothesis that FcRn could play a role in immune surveillance [40]. The
capacity of epithelial-expressed FcRn to function in IgG-facilitated systemic delivery of
antigen was first shown using a fusion protein combining a mouse IgG1 Fc portion with
human erythropoietin EPO [61]. Uptake of intact EPO was monitored by reticulocyte count.
In neonatal intestine and adult lung of mice, this fusion protein induced the uptake of intact
and functional EPO. Mutations in the FcRn binding domain prevented this uptake. These
data show functional uptake of antigen coupled to IgG across mucosal barriers in vivo. IgG-
mediated uptake was also demonstrated in lung of non-human primates [62]. In order to
generate an experimental system that would mimic the human expression of FcRn in the
intestine, mice were generated that expressed human FcRn and human β2-microglobulin on
the background of an FcRn knockout mouse. These mice express FcRn into adulthood.
Administration of antigen orally and human IgG systemically led to the formation of
antigen-IgG complexes in the intestinal lumen and facilitated uptake of antigen across the
epithelial barrier [63]. The end result was increased presentation by mucosal dendritic cells
to T cells. These data show that IgG-facilitated antigen uptake can alter the resulting
immune response to the sampled antigen. The result of that enhanced immune response,
whether inflammatory or tolerogenic, may depend on the context of antigen presentation and
presence of other immuno-modulatory factors.

FcRn has been shown to contribute to immune tolerance, host defense, and immune
pathology in the gastrointestinal tract, as shown schematically in Figure 1. In the context of
experimental inflammatory bowel disease, FcRn can amplify inflammation. Antibodies
against bacterial flagellin are found in Crohn’s disease [64], and in experimental mouse
models of colitis. In a model of dextran sodium sulfate-induced colitis, an anti-flagellin IgG
response was generated during the course of colitis, and FcRn knockout mice had reduced
severity of colitis. Passive transfer with anti-flagellin antibodies or immunization with
flagellin prior to colitis worsened disease in an FcRn-dependent manner [65]. FcRn-
mediated antigen uptake also contributes to bacterial clearance as shown using infection
with Citrobacter rodentium [66]. FcRn is expressed on dendritic cells as well as epithelial
cells, and participates in antibody-facilitated antigen uptake in these cells [67]. IgG-antigen
complexes are presented more efficiently by dendritic cells and macrophages than soluble
antigen, and activate CD4+ T cells in an FcRn-dependent manner [68]. FcRn was found to
primarily influence antigen processing within endosomal compartments and presentation,
[68]. Although it has been reported that FcRn-mediated presentation of IgG-antigen
complexes does not influence the CD8 T cell response [68], others have found that cross-
presentation of IgG-antigen complexes to CD8+ T cells is highly dependent on FcRn in the
CD8− CD11b+ dendritic cell subset [69]. In contrast, soluble antigens are most efficiently
cross-presented by CD8+ CD11b− dendritic cells. FcRn may therefore shape the mucosal
immune response not only by facilitating epithelial uptake of antigen, but also by
influencing antigen presentation by professional antigen presenting cells.

In the neonatal gut, FcRn has been proposed to have an immuno-regulatory role through its
uptake of IgG-antigen complexes derived from maternal milk. Neonatal exposure to an
antigen through breast milk induces antigen-specific tolerance and protection from asthma
or peanut allergy in mice [70,71]. This was due to TGF-β present in milk, and was mediated
by CD4+ T cells whose regulatory function was also dependent on TGF-β[70]. Tolerance
induced by mothers who were sensitized to the antigen was more profound than that induced
by mothers who were naïve to the antigen [72]. In a separate study, mothers immunized with
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a Th1 adjuvant were found to induce a greater level of tolerance in their offspring compared
to mothers immunized with a Th2 adjuvant [73]. Mothers immunized to a bystander antigen
did not transmit tolerance to their offspring, indicating that there was antigen specificity to
the tolerance response. This tolerance in sensitized or immunized mice was subsequently
found to be due to the presence of IgG-antigen complexes in the breast milk, and tolerance
induction was dependent on FcRn [74,72]. Dendritic cells exposed to antigen in the context
of immune complexes with IgG preferentially induced CD4+ CD25+ Foxp3+ regulatory T
cells [72]. Although human mothers with food allergy would be avoiding the food and
antigen would not be transmitted to the breastfeeding infant, the presence of food-specific
IgG antibodies is common in healthy subjects [3], and if transferred in milk to the neonate
together with the food allergen, could facilitate the development of immune tolerance to
food in an FcRn-dependent manner. Delivery of antigen directly conjugated to IgG as
immunotherapy delivered through mucosal routes could potentially improve tolerance
induction by acting on FcRn.

IgE-facilitated antigen sampling: role in food allergy
The low-affinity IgE receptor CD23 (FcεRII) is constitutively expressed by human intestinal
epithelial cells [45,48]. This is somewhat surprising as IgE-secreting cells have not been
found in the normal gut [75]. Using a jejunal perfusate system in human subjects, a low but
detectable level of IgE was found in intestinal secretions [76]. In children with
gastrointestinal disease (unrelated to food allergy), milk-specific IgE could be detected in
the duodenal secretions of 8 of 13 subjects [77]. In healthy adults, IgE was present in
duodenal secretions of only 1 of 8 subjects at baseline conditions, but 4 of 8 subjects after
stimulation with pancreozymin-cholecystokinin, suggesting a potential pancreatic source of
IgE antibodies [77]. IgE in duodenal secretions was found to be increased approximately 2-
fold in subjects with food allergy compared to controls [42]. In salivary secretions, IgE has
not been found at detectable levels in either healthy controls or allergic subjects [78,41].
However, nasal washings from atopic individuals but not healthy controls have detectable
IgE, and at a higher ratio of IgE to protein than is found in the serum [41], leading the
authors to conclude that IgE could be considered to be a secretory immunoglobulin in nasal
mucosa.

In the context of parasite infection (Trichinella spiralis) in mice, IgE was reported at high
levels in intestinal secretions, and at a higher level than that observed in serum when the half
life of IgE in the intestinal lumen was accounted for, suggesting local production of IgE
within the intestinal mucosa or active transport into the gut lumen [44]. IgE-secreting B cells
within the intestinal mucosa were also identified after T. spiralis infection [79]. Antigen-
specific IgE can also be detected in intestinal lavage of mice with experimental food allergy
[43]. The recent development of IgE-reporter mice [80,81] provides a powerful tool that will
greatly contribute to our understanding of the mucosal regulation of IgE in health and
disease.

CD23 on B cells functions as an antigen focusing mechanism, such that uptake and
presentation of allergen is enhanced in the presence of IgE [82,83]. This led us and others to
ask if CD23 had a similar uptake function in epithelial cells. Human intestinal epithelial
cells were found to transport IgE through a CD23-dependent mechanism from both basal-to-
apical and apical-to-basal directions [48,84,85]. Antigen-IgE complexes were preferentially
transported in the apical-to-basal direction, and were released into the basolateral media in a
form capable of degranulating rat basophil leukemia cells transfected with the human FcεRI
receptor [48]. This bi-directional transport of IgE by CD23 has also been demonstrated in
polarized human airway epithelial cells [86]. In addition to shuttling antigen-IgE complexes
across the epithelial barrier, we showed that ligation of CD23 can activate pro-inflammatory
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pathways in human intestinal epithelial cells and lead to the release of chemokines including
CCL20 [87]. CCL20 acts on the receptor CCR6 that is expressed by memory T cells, B
cells, and immature dendritic cells. Supernatants from IgE-antigen stimulated intestinal
epithelial cells were able to chemoattract human dendritic cells in a pertussis toxin-sensitive
and CCL20-dependent manner, and silencing CD23 on the epithelial cells suppressed this
response [87]. We hypothesized that this recruitment of dendritic cells and other effector
cells could play a role in the generation of late-phase allergic inflammation in the
gastrointestinal tract. Consistent with this, CCL20 is necessary for allergic inflammation and
allergen-induced diarrhea in mice [88], but we have not yet established a link between
epithelial CD23 activation and CCL20 expression in vivo. The concept that CD23 may serve
as a mechanism of antigen delivery to dendritic cells has been suggested by work from
Heyman and colleagues [89]. There are longstanding observations that IgE can facilitate the
presentation of antigen to T cells in vivo and in vitro [90]. This facilitated presentation by
IgE is CD23-dependent [91,92]. Recently it was demonstrated that although IgE-facilitated
presentation is dependent on CD23-expressing B cells, antigen presentation to T cells is
performed by dendritic cells rather than B cells in vivo [89]. Therefore it was suggested that
B cells are acquiring antigen through CD23, but acting as a conduit to deliver antigen to the
dendritic cell. Our in vitro studies with human intestinal epithelial cells also suggest that
CD23 may facilitate the hand-off of antigen to dendritic cells by recruiting them to the
proximity of the epithelial cell.

The high affinity IgE receptor FcεRI was also identified on human intestinal epithelial cells,
and found to bind IgE [49], but the functional role of this receptor on IgE transcytosis,
antigen uptake, or other epithelial functions has not yet been explored.

Conclusions
The presence of specific antibodies in the intestinal lumen has a significant effect on the way
that antigen is handled by the intestinal mucosa. The prototypic mucosal immunoglobulin
IgA functions in antigen exclusion, and specific IgA levels inversely correlate with clinical
reactivity to food and aeroallergens. Therefore strategies to increase antigen-specific IgA
may promote clinical tolerance and be useful therapeutically. IgG-mediated antigen uptake
through FcRn in the neonatal intestine is tolerogenic, and suggests that antigen exposure
through breast milk would be a helpful preventative strategy, particularly when the mother
has existing IgG antibodies to that antigen. Once allergic sensitization has been established,
it is not clear if IgG-facilitated antigen uptake through FcRn would amplify existing pro-
allergic adaptive immune responses or promote active immune tolerance. Studies are needed
to address the influence of FcRn on responses to food antigens in the sensitized state. In
contrast to IgA and IgG, there is no evidence that IgE-mediated antigen sampling via CD23
is tolerogenic. IgE-facilitated antigen uptake results in increased delivery of antigen to
allergic effector cells, activates pro-inflammatory pathways in intestinal epithelial cells, and
enhances delivery of antigen to dendritic cells. IgE-facilitated antigen uptake by B cells can
also have an adjuvant-like effect on the resulting adaptive immune response. Targeting of
IgE-facilitated antigen presentation may be helpful for the establishment of tolerance during
immunotherapy. Current trials utilizing anti-IgE therapy (with Omalizumab) together with
oral immunotherapy for food allergy will establish if there is benefit in targeting IgE during
allergen administration in the establishment of clinical or immune tolerance. A schematic
showing the contributions of IgA, IgG, and IgE to mucosal immunity is provided in Figure
2. An understanding of these pathways may allow us to utilize antibody-facilitated antigen
uptake to promote tolerance induction to foods.
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Abbreviations

ALA α-lactalbmin

BLG β-lactoglobulin

FcRn neonatal Fc receptor

pIgA polymeric IgA

pIgR polymeric immunoglobulin receptor

SIgA secretory IgA
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Figure 1. Tolerogenic and immunogenic Roles of FcRn in mucosal immunity
In the neonate, IgG and antigens derived from the breast milk can be selectively taken up by
an FcRn-dependent mechanism in the gastrointestinal tract. The immune consequence is
active tolerance, mediated by CD4+ CD25+ Foxp3+ regulatory T cells that are induced by
DCs exposed to IgG-antigen immune complexes. In the adult intestine, host production of
antimicrobial IgG antibodies can facilitate the uptake of luminal microbial antigens through
an FcRn-dependent mechanism. IgG-antigen complexes are taken up by dendritic cells, and
drive a response that can be host-protective, resulting in pathogen clearance, or pathogenic,
resulting in inflammation.
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Figure 2. Mucosal antibodies in the regulation of tolerance and allergy to foods
IgA secreted across the epithelium can bind and neutralize food allergens, and contribute to
clinical tolerance to foods by preventing entry and interaction with mucosal immune cells.
Secretory IgA bound to antigen can also be selectively taken up across the Peyer’s patch, but
the consequence of that uptake in the context of food allergy has not yet been addressed. IgG
and IgE can be secreted across the epithelium by FcRn and CD23, respectively. IgG-
facilitated antigen uptake via FcRn contributes to the development of active immune
tolerance in the neonate. In contrast, IgE-facilitated antigen uptake via CD23 contributes to
clinical reactivity by enhancing the delivery of IgE-antigen complexes to allergic effector
cells. Therapeutic approaches that promote food-specific IgA or IgG production in the gut,
or inhibit antigen uptake via CD23, may be beneficial for the development of food-specific
tolerance.

Berin Page 16

Semin Immunopathol. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


