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8.1. Introduction

An important activity of mucosal surfaces is the production of the  special 
type of antibodies referred to as secretory IgA (SIgA) (Lamm, 1997). 
SIgA is  produced predominantly as a dimer complexed with the J-chain 
and the  secretory component (SC). SC is the ectodomain of the polymeric 
 immunoglobulin receptor (pIgR) that either remains bound to polymeric IgA 
(pIgA) following transcytosis and proteolytic cleavage (Mostov et al., 1980) 
or is released alone, (i.e., free SC, in mucosal secretions) (Poger and Lamm, 
1974) (see Chapter 3). The classical view is that SIgA serves as the first line 
of defense against microorganisms by agglutinating potential invaders and 
 facilitating their clearance by peristaltic and mucociliary movements, a 
 mechanism called immune exclusion (Mestecky et al., 1999).

In addition to immune exclusion, SIgA, in the course of its pIgR-mediated 
intracellular transport, contributes to intracellular neutralization of viruses 
(Bomsel et al., 1998; Corthésy et al., 2006; Fujioka et al., 1998; Huang et al., 2005; 
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Mazanec et al., 1992) and to the removal of stromal antigens that  penetrated a 
breached epithelium (Kaetzel et al., 1991; Robinson et al., 2001) (see Chapter 7). 
Novel properties of SIgA have been unraveled during the last years, suggesting 
that this class of antibody possesses multiple associated functions that endow 
them with the capacity to fine-tune mucosal immune responses. In this chapter, 
the authors focus their discussion on (1)  innate-like properties of SC, includ-
ing its role in binding of SIgA to mucus and its  “scavenger” properties, (2) the 
transport of SIgA across Peyer’s patches (PPs) (also called retrotransport) and 
its biological consequences, and (3) the role of SIgA in controlling inflamma-
tory responses, both during infection  processes and in gut homeostasis.

8.2. Innate-like Properties of SC

The complex nature of the SIgA antibody molecule is instrumental in 
 fulfilling its multiple biological roles. It has long been appreciated that 
 polymerization of the IgA moiety comprising the antigen specificity results 
in enhanced  avidity, which is crucial to efficient cross-linking of antigens. 
Our  understanding of the functions of SIgA-bound or free SC is emerging 
well beyond its first  attributed role of protecting SIgA from protease  degradation 
(Chintalacharuvu and Morrison, 1997; Crottet and Corthésy, 1998; Lindh, 
1975). It is becoming much clearer that SC possesses  intrinsic “innate-like” 
properties, including binding to pathogens and preventing their interaction with 
epithelial cell surface, anchoring of SIgA to mucosal  surfaces, and  trapping of 
cytokines (Phalipon and Corthésy, 2003). How these so far overlooked features 
contribute to the biological functions of SIgA is  discussed below.

Free SC is now recognized to participate actively in the protection of 
mucosal surfaces. For instance, SC isolated from human milk  (possibly 
 copurified with lactoferrin) was initially shown to inhibit adhesion of 
 enterotoxigenic Escherichia coli colonization factor antigen-1 strains to 
erythrocytes (Giugliano et al., 1995). Similarly, free SC was reported to bind 
preferentially to  Clostridium difficile toxin A, as compared to weak or 
absent binding of  purified light and heavy chains of IgA (Dallas and Rolfe, 
1998).  Deglycosylation of SC partially reduced the binding of toxin A to hamster 
brush-border membranes. Likewise, binding of the  staphylococcal  superantigen-
like protein SSL7 to human and bovine SIgA found in milk appears to depend 
mainly on the SC moiety (Langley et al., 2005).  However, that study did not 
demonstrate that such an interaction is implicated in mucosal protection. To 
avoid artifactual effects caused by multiple protein and nonprotein glycocon-
jugates present in milk (Newburg, 1999),  recombinant human SC (hSC) pro-
duced from transfected Chinese hamster ovary cells was assayed for “scavenger” 
activity (Perrier et al., 2006). Pure hSC was found to protect Caco-2 and T84 
polarized epithelial cell monolayers from the action of toxin A. This protec-
tive activity of SC required carbohydrate residues, including galactose and sialic 
acid, as well as intact disulfide bridges. The involvement of sugar moieties on 
SC is of interest because of the importance of glycoforms in many functions of 
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the immune system (Rudd et al., 2001). Because toxin A neutralization by free 
SC occurs at concentrations found in human milk (Underdown et al., 1977), the 
process identified in in vitro models appears to be physiologically relevant.

The role of SC and SIgA in the innate defense of mucosal surfaces has 
been demonstrated in other infectious models and was shown again to largely 
rely on the glycosylated nature of SC. Sialyloligosaccharides in SIgA are 
 necessary for preventing epithelial adhesion of E. coli through type I fimbrial 
lectin (Schroten et al., 1998; Wold et al., 1990). Inhibition of adhesion of 
 Helicobacter pylori to human gastric surface mucous cells by SIgA purified 
from human colostrum requires fucose residues on SC (Boren et al., 1993), 
whereas removal of sialic acid residues from the immunoglobulin moiety 
is without effect (Falk et al., 1993). The carbohydrate side chains of SIgA 
serve as a docking site for ricin toxin; human SIgA with no Fab-dependent 
 specificity for ricin reduces attachment to the apical surface of epithelial cell 
lines in culture and to the luminal surfaces of human intestinal villi via SC 
and the IgA heavy chain (Mantis et al., 2004). These results are supported by 
molecular models of human SIgA1 indicating that N- and O-linked  glycans 
protrude extensively from the Fcα and SC domains, allowing  accessibility 
to bacterial and viral adhesins (Mattu et al., 1998; Royle et al., 2003). In 
 addition to preventing contacts between the epithelium and pathogens, such 
 interactions might also promote tethering of antibody–antigen complexes to 
the associated mucus layer (Biesbrock et al., 1991; Saltzman et al., 1994).

The protective role of free SC has also been reported to take place in the res-
piratory tract. SC, as well as SIgA, interacts directly with a surface  protein of 
Streptococcus pneumoniae, choline binding protein A (CbpA)  (Hammerschmidt 
et al., 1997), which was reported to enhance colonization of the nasopharynx 
of infant rats (Rosenow et al., 1997) (see Chapter 3). Binding is dependent on 
stretches present in domains 3 and 4 of SC (Elm et al., 2004; Lu et al., 2003) 
and on a highly conserved hexapeptide motif within CbpA (Hammerschmidt 
et al., 2000; Luo et al., 2005). Direct interaction of CbpA with the extracel-
lular domain of pIgR facilitates the  invasion of the human nasopharyngeal 
cell line Detroit 562 (Zhang et al., 2000). However, invasion is observed only 
when human cell lines are exposed to the  unencapsulated, nonpathogenic 
S. pneumoniae strain R6x (Brock et al., 2002). This species and strain limitation 
favors the interpretation that the excess of free SC and SIgA in secretions will 
normally compete with cell-associated pIgR for  binding to S. pneumoniae, 
thus blocking the attachment of the bacterium to the  surface of epithelial cells 
(Kaetzel, 2001). This would represent another example whereby free SC and 
SC bound to pIgA contribute to innate immunity.

In addition to its ability to bind to several bacterial molecular patterns, 
SC has also been shown to potentiate the protective role of pIgA. With the 
establishment of expression systems producing milligram amounts of specific 
pIgA and human recombinant SC, it has become possible to compare the bio-
logical function of pIgA versus SIgA reconstituted in vitro. In a mouse model 
of respiratory infection by Shigella flexneri, the protective capacity of a pIgA 
specific for this bacterium is enhanced upon its association to SC (Phalipon 
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FIG. 8.1. Multiple functions of SC at epithelial surfaces. (A) SC alone (or bound to 
pIgA, not represented) interacts with various microorganism adhesins and  toxins 
through its carbohydrate moieties to prevent attachment to epithelial cell  surface, 
a competitor effect referred to as “scavenger” function in the text. (B) SIgA is 
anchored in the mucus layer overlying the epithelial monolayer through the sugar 
residues present in SC; this function of SC might favor the establishment of immune 
 complexes between secreted SIgA and microorganisms trapped in the mucus. 
(C) Exposure to pathogens leads to inflammation-induced breaches in the  epithelium 
that permit paracellular entry of macromolecules and microorganisms. Upon  binding 
to  proinflammatory CXCL-8, SC contributes to limit recruitment of leukocytes 
that would otherwise  further damage the inflamed epithelium. BEE, basolateral 
early endosome; CE, common endosome; ARE, apical recycling endosome; boxes 
p65-p50-IκB represents the cytoplasmic, inactive form of the transcription factor NF-κB, 
which after IκB phosphorylation acquires the capacity to migrate to the nucleus and 
activate gene expression.

et al., 2002). SC is involved in establishing local interactions with bronchial 
mucus that result in the specific localization of the SIgA molecule,  compared 
to the random distribution of pIgA in the lung tissue. This  differential 
 distribution of the two forms of the antibody impacts on the number and 
localization of bacteria within the infected tissue and contributes to the 
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 difference observed in the protective capacities of SIgA versus pIgA. In vitro 
deglycosylation of SC with N-endoglycosidase H prior to its association to 
pIgA abrogates the capacity of SC to anchor the reconstituted SIgA molecule 
to mucus and results in a level of protection comparable to pIgA alone. Thus, 
SC contributes to efficient SIgA-mediated protection by permitting, through 
its carbohydrate residues, the appropriate localization of the antibody and, in 
turn, the exclusion of pathogens from the mucosal surfaces.

Another intriguing issue of the role of SC in innate-like immunity has 
recently been reported. SC produced by cultures of human primary bronchial 
cells forms a stable complex with chemokines CXCL-8, epithelial neutrophil-
activating peptide-78, growth-related oncogene-α, and RANTES (Marshall 
et al., 2001). Binding to CXCL-8 requires the carbohydrate moiety of SC. 
As a consequence of this interaction, neutrophil migration in response to 
CXCL8 in the micro-Boyden chamber assay, as well as in CXCL-8-mediated 
neutrophil transendothelial migration, is inhibited by SC in a dose-dependent 
manner. Whether such a mechanism takes place in the intestinal mucosa 
remains to be established. Nevertheless, these results suggest that free SC and 
possibly SIgA can serve as traps for polypeptides involved in proinflammatory 
processes, thereby limiting subsequent neutrophil responses.

Altogether, this implies that free SC can be seen per se as a factor  contributing 
to the prevention of the interaction of pathogens with mucosal surfaces, as a 
scavenger of harmful mediators and, when bound to pIgA, as a companion 
potentializing the antibody molecular function (Fig. 8.1).

8.3. Transport of SIgA Across Peyer’s Patches

Although luminal antigens can be trapped by DCs present in the  lamina 
 propria and extending their dendrites across the epithelium barrier (Rescigno 
et al., 2001), most of them gain access to Peyer’s patches (PPs) (Owen, 
1999) via transfer across M-cells that are scattered among the columnar 
 epithelial cells in the follicle-associated epithelium. SIgA present in the 
 luminal  compartment also appears to be translocated (or retrotransported, 
by  opposition to the epithelial secretory pathway ensuring passage from the 
tissue to the lumen) through M-cells that express a putative SIgA-specific 
receptor (Roy and Varvayanis, 1987; Weltzin et al., 1989) (see Chapter 9). 
Irrespective of its antigen-binding specificity, SIgA has the capacity to adhere 
selectively to M-cells (Mantis et al., 2002), a feature mediated by domains 
Cα1 and Cα2 of the antibody molecule. The purpose of the IgA-M cell inter-
action has been addressed in a study based on in vitro and in vivo observations 
(Rey et al., 2004) (Fig. 8.2). Incubation of cells recovered from mouse PPs with 
green fluorescent protein (GFP)-labeled SIgA indicated that DCs, CD4+ 
T-cells, and B-cells associate selectively with the SIgA. Administration of 
GFP-labeled SIgA into a murine ligated intestinal loop confirmed in vivo 
 targeting of PPs and subsequent transport to the underlying gut-associated 
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lymphoid tissue (GALT). In the GALT, SIgA antibodies are found in associa-
tion with DCs in the subepithelial dome region and with CD4+ T-cells in 
the interfollicular region rich in T-cells. Such an interaction is dependent on the 
presence of pIgA in the SIgA molecule. Laser-scanning confocal microscopy 
indicated that SIgA binds to and is internalized by DCs, whereas only surface 
association was observed with CD4+ T-cells. Targeting of DCs anatomically 
positioned in the subepithelial dome region underlying the follicle-associated 
epithelium might provide a mechanistic explanation to the immunogenicity 
after oral delivery of foreign antigens linked by genetic engineering to SIgA 
(Corthésy et al., 1996; Zhou et al., 1995). In addition, the interaction of 
SIgA with CD4+ T-cells might modulate local immune responses known 
to exhibit a cytokine profile dominated by transforming growth factor (TGF)-β, 
interleukin (IL)-10, and IL-4 (Gonnella et al., 1998). In this respect, it is 
worth emphasizing that previous investigations of IgA receptors in PPs were 
focused on the capacity of SIgA to interact specifically with isolated T-cells. 
(Brière et al., 1988; Kiyono et al., 1982; Sandor et al., 1990). Our observation 
that SIgA interacts with CD4+ T-cells within PPs provides another clue as to 
the possible regulatory function of this class of antibodies.

8.4. Induction of Immune Responses After 
SIgA Retrotransport

The possible immunomodulatory effects of the interaction between DC and 
SIgA have only been investigated in a small number of in vitro studies using 
human monocyte-derived DCs exhibiting a myeloid phenotype (Geissmann 
et al., 2001; Heystek et al., 2002). These studies gave conflicting results in 
terms of DC maturation, partly due to differences in the preparation and 
heterogeneous sources of SIgA. Further, it is highly likely that the properties 
and functions of these cells differ in their natural tissue environment (Iwasaki 
and Kelsall, 1999; Williamson et al., 2002). The immunological consequences 
of the interaction between SIgA and DC have recently been addressed in mice 
(Favre et al., 2005) (Fig. 8.2). Oral delivery of recombinant SIgA (rSIgA) 
reconstituted in vitro with hSC and mouse pIgA induced anti-hSC-specific 
antibody responses in mucosal and peripheral tissues. Antibody titers were 
similar to those obtained when combining hSC with the prototype mucosal adju-
vant cholera toxin (CT) used as a control capable to induce well-characterized 
mucosal immune responses, including Th2 deviation, DC migration, and 
expression of costimulatory molecules (Anjuère et al., 2004). Because hSC 
alone leads to very weak antibody production, these results indicate that entry 
of rSIgA into PPs permits efficient delivery and processing of the associated 
hSC antigen. Capture of antibody–antigen complexes by DCs is consistent 
with studies  performed with splenic DCs (Mellman and Steinman, 2001) 
and extends this concept to the GALT compartment. In T-cell  proliferation 
assays,  administration of rSIgA alone led to reduced levels of activation 
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 compared to hSC administered with CT. Delivery of hSC in the context of 
rSIgA caused the cytokine profile to be skewed toward a Th2  phenotype, 
as reflected by reduced expression of interferon (IFN-γ compared to mice 
fed hSC in the presence of CT. The mucosal immunomodulatory capacity 
of rSIgA was  further  suggested by the increase of  TGF-β production by 
cells isolated from mesenteric lymph nodes. The differences in cytokine pro-
files between the experimental groups indicate that SIgA triggers mucosal 
immune responses that defend against luminal antigens while controlling 

FIG. 8.2. Schematic representation of the trafficking of SIgA in vivo after gastrointesti-
nal administration (A) and its effect on immune responses (B). SIgA binds to M-cells and 
is transported across the epithelium to the SED region of PPs. Association with DCs 
results in the internalization of SIgA, whereas the interaction with CD4+ T-cells is 
limited to the cell surface. Processing of SIgA by DCs triggers activation within the PP 
and confers upon DCs the capacity to migrate to the IFR rich in T-cells. When SIgA is 
used as a foreign antigen carrier, antigen-specific T-cell activation occurs in the drain-
ing mesenteric lymph node, resulting in overexpression of Th2 and noninflammatory 
cytokines, including IL-4, IL-10, and TGF-β. Ultimately, antigen-specific antibodies 
are recovered in secretions and blood. The upper part of the drawing depicts the over-
all structure of a PP, and the gray rectangle is the area magnified in the bottom part of 
the figure. FAE, follicle-associated epithelium; SED, subepithelial dome; IFR, inter-
follicular region; GC, germinal center; EC, epithelial cell; M cell, microfold cell; DC, 
dendritic cell. Epitope-loaded MHC class II molecule and costimulation markers are 
depicted on DCs.
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 inflammatory  processes, an effect not observed with CT. In addition, rSIgA 
triggers migration of DC to the T-cell-rich regions of PPs, although it is delayed 
compared to DC migration in mice having received hSC combined with CT. 
These results provide evidence that mucosal SIgA retrotransport promotes 
antigen delivery, thus contributing to effector and/or regulatory pathways 
characteristic of the intestinal mucosal compartment. Neutralization of antigens 
by SIgA in the lumen, followed by transport through PPs, might also redirect 
pathogens with the capacity to evade DCs back to cells with antigen-presenting 
capacity, thus providing the host with a complementary degree of protective 
immunity.

The expression of CD80, a marker of DC activation, on DCs recovered 
from PPs and spleen of mice fed with rSIgA was shown to be delayed as 
compared to mice fed with hSC plus CT. Differences in the intensities of 
the responses between immunization groups might be explained by the 
rapid  downregulation of  CD80 seen after rSIgA administration and the 
 upregulation observed after hSC plus CT administration. These results 
 suggest that DC interacting with SIgA are prone to induce a more regulated, 
anti-inflammatory response, yet still effective immune response, than that 
 mediated by DCs upon exposure to CT. Provided that DCs have evolved a 
 substantial number of  proinflammatory strategies to thwart gastrointestinal 
pathogens, it is  conceivable that  counteracting mechanisms exist to  guarantee 
return to steady-state  conditions and maintenance of homeostasis. In this 
respect, cross-talk between DC and epithelial cells producing thymic stromal 
 lymphopoietin conditions the DCs to polarize T-cells toward a Th2  phenotype 
(IL-6, IL-10) and to promote the production of mucosal IgA (Rimoldi et al., 
2005). SIgA present during secondary (recall) stimulation might in addition 
promote presentation of “neutralized” antigens, thus “educating” targeted 
DC to respond in a manner that limits the risk of overstimulating the local 
immune protection system.

8.5. Anti-Inflammatory Properties of (S)IgA

As mentioned earlier, protective mechanisms involving SIgA or free SC tend to 
limit an uncontrolled induction of inflammation that would lead to  extensive 
damage to the host mucosal barrier and, hence, function. Therefore, it is not 
surprising that the IgA molecule behaves differently from other classes of 
antibodies. Indeed, in contrast to circulating IgG, IgM, and IgE antibodies, 
the Fc portion of IgA does not confer to the molecule effector functions that 
lead to the release of inflammatory mediators after complement activation 
and phagocytosis (Fagarasan and Honjo, 2004; Kerr, 1990; Pasquier et al., 
2005; Russell et al., 1989) (see Chapter 6). Such properties are consistent with 
the multitask role of protecting against foreign substances and microbes while 
not subjecting the mucosa to undue inflammation (Macpherson et al., 2001; 
Wu and Weiner, 2003).
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In the previous paragraphs, we discussed the SIgA- or free-SC-mediated 
control of  inflammation within the lumen and in the PP. Recently, however, 
another level of  control has been reported in epithelial cells. Using an in vitro 
model mimicking pIgR-mediated pIgA transcytosis and  lipopolysaccharide 
(LPS) sampling from the apical surface of  polarized epithelial cells, the 
 ability of intracellular pIgA to downregulate proinflammatory responses by 
 epithelial cells was shown to take place (Fernandez et al., 2003). In this model, 
a protective monoclonal IgA specific for Shigella flexneri LPS neutral-
ized this pathogen-associated molecular pattern within the apical recycling 
 endosome compartment, thus precluding LPS-triggered activation of  nuclear 
factor (NF)-κB and subsequent proinflammatory responses (Fig. 8.3). 
Such a mechanism, by limiting the amount of translocated LPS, might also in 
turn limit activation of lamina propria leukocytes and reduce the release of 
associated proinflammatory mediators. This intracellular IgA-mediated 
neutralization of  a proinflammatory response should be envisioned as 

FIG. 8.3. Cellular colocalization of LPS and transcytosing SIgA leads to abrogation 
of inflammation-mediated processes in epithelial cells (ECs) in vitro. LPS taken up 
by ECs stimulates cellular pathways dependent on Toll-like receptor-4 signaling and 
kinases that are required for NF-κB activation (A). A model pathogen-associated 
molecular pattern, LPS, in submembrane vesicles is intercepted by SIgA antibodies 
on their way to the luminal side of the epithelial cell (B). Such a mechanism promotes 
mucosal homeostasis by blocking nuclear translocation of NF-κB and subsequent 
transactivation of proinflammatory gene expression including TNF-α, IL-18, and 
macrophage inflammatory protein-1α and 2.
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an additional mechanism completing the SIgA-mediated immune exclusion 
occurring in the lumenal compartment and leading to pathogen clearance. It 
can reasonably be hypothesized that neutralization of LPS might be part of 
a broader  mechanism in the gut to control the huge amount of microbe-associated 
molecular patterns (lipoproteins, flagellins, DNA and RNA motifs, GPI 
anchors, outer membrane proteins, lipoteichoic acid, etc.) carried by 
intestinal bacteria.

Interestingly, another level of control appears to take place in the 
PP  following SIgA-mediated retrotransport of bacteria–SIgA immune 
 complexes. Using a rabbit ileal loop model of infection with Shigella flexneri, 
 retrotransport of immune complexes added into the luminal compartment 
was shown to occur. In contrast to ileal loops receiving bacteria only and 
exhibiting a  massive destruction of the intestinal epithelium, the  opsonization 
of Shigella by SIgA within immune complexes guaranteed the absence of 
 tissue alteration even at the level of the PP serving as the preferential site of 
entry. Modulation of the local immune response within the PP was appraised 
using real-time reverse transcription–polymerase chain reaction (RT-PCR) 
analysis of a  battery of proinflammatory [IL-6, tumor necrosis factor (TNF)-α, 
IFN-γ] and  noninflammatory (IL-10 and TGF-β) cytokines. Despite the 
 presence of  bacteria within the PPs of ileal loops exposed to Shigella–SIgA 
 complexes, the level of expression of all four cytokines tested was  similar to that 
 measured in PP of mice having received SIgA only. Conversely,  upregulation 
of  proinflammatory cytokine expression was obtained in PPs of ileal loops 
treated with the bacteria alone, whereas the expression of  noninflammatory 
cytokines remained stable (Phalipon and Corthésy, unpublished data). These 
findings suggest that in the gut environment, noninflammatory effector 
mechanisms predominate but are overwhelmed in the presence of pathogens 
affecting the balance of local cytokines. Whatever the mechanism taking 
place, these results corroborate the data presented in the previous paragraphs, 
emphasizing the diversity of the processes that have been developed through 
evolution to maintain the integrity of the mucosal barrier.

8.6. Role of SIgA in Gut Homeostasis

The functions of SIgA that have been discussed thus far mainly concern 
 protection against pathogens. However, the mammalian gastrointestinal 
tract harbors a complex ecosystem consisting of vast numbers of bacteria 
in  homeostasis with the host immune system. By young adulthood, humans 
and other mammals are host to about 1012 viable bacteria per gram of colonic 
content consisting of 500–1000 microbial species and outnumbering host 
cells 100-fold (Hooper and Gordon, 2001). The magnitude of the interaction 
between commensal bacteria and mammals exerts fundamental influences on 
the physiology of both. The most impressive feature of this relationship might 
be that the host not only tolerates but requires colonization by commensal 
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microorganisms for its own development and health. Commensal bacteria act 
as an important antigenic stimulus for the maturation of GALT, implicated 
in the induction of local immune responses (Cebra, 1999; Mazmanian et al., 
2005; Rhee et al., 2004; Umesaki and Setoyama, 2000). Commensals boost 
overall SIgA antibody responses in a strain-dependent manner (Cukrowska 
et al., 2002; Fang et al., 2000; Fukushima et al., 1998; Tejada-Simon et al., 
1999). In contrast to mucosal SIgA specific for pathogenic microorganisms, 
this ensures peaceful control of  the endogenous microbiota through a 
broad spectrum of unselected, low-affinity SIgA (also referred to as “natural” 
SIgA) to redundant epitopes on gut microorganisms (Stoel et al., 2005). 
Comparison of wild-type mice to mice deficient in activation-induced cytidine 
deaminase (AID), whose B-cells cannot switch to IgA, suggests that IgA regu-
lates the microbiota in the gut and limits the activation of local and systemic 
immune responses, thus maintaining gut homeostasis (Fagarasan et al., 2002; 
Suzuki et al., 2004).

Introduction of  a new microbiota into the intestinal tract of  mice lacking 
T-cells results in induction of some specific SIgA (Macpherson et al., 2000), 
yet the overall response in the gut was only 20–30% of normal.  Deliberate 
 colonization of germ-free mice with a commensal microbe has led to the 
 demonstration that (1) the number of IgA-producing plasma cells reaches 
a plateau in the lamina propria after 6 weeks, (2) the bacteria in the gut are 
continuously coated with IgA, and (3) IgA contributes to the maintenance of 
a steady-state number of bacteria in the feces for up to 1 year (Shroff et al., 
1995). Thus, successful establishment of commensal microbiota might rely 
on the capacity to initially induce and then rapidly downregulate mucosal 
responses leading to the production of specific SIgA. Although the  sampling 
of low amounts of  antigen associated with SIgA capable of   entering 
PPs across M-cells and targeting DCs (Rey et al., 2004) might contribute 
to the mechanism of downregulating subsequent responses, other induc-
tive sites  distributed along the gastrointestinal tract can contribute to the 
 supply of  specific regulatory cells in the gut lamina propria (Eberl, 2005; 
Jang et al., 2004; Lorenz and Newberry, 2004; Suzuki et al., 2000). Sampling 
of  commensals by PPs appears to educate the mucosal immune system to 
sense the gut  content (Macpherson and Uhr, 2004). Capture by DCs in the 
 subepithelial dome region of the PP limits spreading beyond mesenteric lymph 
nodes,  providing a clue as to how local processing can activate local responses, 
including synthesis of specific IgA. Another mechanism whereby commen-
sal Gram-negative bacteria could promote SIgA-mediated homeostasis is by 
signaling through Toll-like  receptor 4, which upregulates expression of pIgR 
in epithelial cells while minimizing pro-inflammatory responses  (Schneeman et 
al., 2005). It has been shown that maternal SIgA antibodies in milk  influence 
the pattern of gene expression in intestinal epithelial cells of neonatal mice, 
including pIgR (Jenkins et al., 2003). Taken together, these results suggest a 
complex regulatory network in which cross-talk between commensal microbes 
and host cells regulate the synthesis and transport of SIgA.
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The crucial role of SIgA in maintaining bacterial homeostasis is further 
reflected by the role played by the antibody in microbial biofilm formation 
in vitro (Bollinger et al., 2003, 2006). Indeed, many nonpathogenic bacteria 
have been observed to be coated with SIgA antibody (van der Waaij et al., 
1996), although this intimate contact does not result in the clearance of these 
 bacteria. The potential role of biofilms in complexes of bacteria–bacteria or 
bacteria–host interactions that take place in the gut remains largely 
 unexplored. Biofilms have been proposed to ensure a mode of steady-state 
growth of the endogenous microbiota (Costerton et al., 1995). SIgA-mediated 
biofilm  formation might also explain why bacteria that bind SIgA have a 
selective advantage in the gut (Friman et al., 1996). The demonstration of the 
involvement of SIgA in biofilm formation in the gut in vivo has recently been 
reported in rats, baboons, and humans (Palestrant et al., 2004). A decapeptide 
in human SC has also been shown to stimulate the growth of bifidobacteria 
(Liepke et al., 2002), which might confer to SIgA prebiotic properties after 
association with nonpathogenic bacteria.

8.7. Concluding Remarks

In addition to conferring increased stability to polymeric IgA and  augmenting 
its biological availability at mucosal surfaces, SC possesses innate-like activi-
ties that enhance protection against multiple gastrointestinal infectious agents. 
Unique properties of SC include the following: (1) its high abundance in milk 
in the form of free SC (up to 25 µM); (2) its high content of  heterogenous 
glycans, contributing 15–20% of its molecular weight, (3) its specificity for 
polymeric immunoglobulins (IgA and IgM); (4) its initial synthesis as an 
 epithelial transporter (pIgR), which is “sacrificed” after a single trip across 
the epithelial cell by cleavage to SC.

Given that SIgA is transported across M-cells in PPs (Rey et al., 2004) 
and triggers mucosal and systemic immune responses (Favre et al., 2005), it 
is  conceivable that retrotransport of SIgA–antigen complexes contributes 
 significantly to immune regulation by providing a mechanism for luminal 
antigen to gain access to professional antigen-presenting cells such as DCs 
in the subepithelial dome region. The modulating effect of SIgA would thus 
be exerted by masking bacterial and viral epitopes in the local environment 
where the infection occurs, hence allowing for handling of the invading enemy 
under neutralizing conditions (Fig. 8.4).

During primary infection, uptake of microbes by M-cells can result in a 
microbial load too great to be controlled and contained by the  cellular immune 
defenses concentrated within mucosal lymphoid follicles. In the frame of 
recall responses, association with preexisting neutralizing SIgA will lead to 
detection of infectious microorganisms by the epithelial sampling  machinery 
in a form limiting the risk of overwhelming the local immune  protection 
 system. A major advantage of using the M-cell pathway is that antibodies 
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or immune complexes are rarely targeted to phagolysosomes, but are carried 
through the M-cell by pinocytosis and released into the pocket (Owen, 1999). 
Consequently, the integrity of antigenic structures taken up from the lumen 
is preserved, allowing selective targeting to underlying antigen-presenting 
cells that display IgA receptors. Homeostasis is fine-tuned through multiple 
 mechanisms, including classical antigen neutralization mediated by SIgA, 
binding of antigens to IgG in secretions (Yoshida et al., 2004), and trapping 
of antigens by lamina propria DC (Niess et al., 2005; Rescigno et al., 2001).

The presence on the SIgA molecule of Fab domains enabling  selective 
 association with antigenic structures and multiple glycans serving as 
 nonspecific docking sites for a large battery of pathogens marks this class of 

FIG. 8.4. Proposed model to explain the mode of action of SIgA–antigen immune 
complexes after uptake by the PP in the intestine. (A) Pathogens entering across 
M-cells are processed by underlying antigen-presenting cells, which will trigger 
 neighboring T-cells and production of proinflammatory cytokines. The local  cellular 
responses leading to pathogen neutralization are often accompanied by acute or 
chronic tissue damage. (B) In the scenario involving the entry of immune complexes, 
Fab- and SC-dependent opsonization by SIgA prevents activation of  proinflammatory 
 pathways through masking of pathogen-associated molecular patterns. Resulting 
 cellular responses are skewed toward the production of cytokines governing IgA 
switch in the mucosal environment as well as induction of tolerance. The conjunction 
of these events contributes to the maintenance of homeostasis.
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antibody with the potential to participate in both adaptive and innate immune 
responses. Broad-spectrum recognition of markers of inflammation  (bacterial 
and viral infection, toxins, immune mediators) through different patterns 
associated with SIgA would favor both the “classical” antigen  neutralization 
by the antibody and stimulation of mucosal immune responses under  gentle, 
nondamaging conditions preserving the epithelial barrier. This leads us to 
hypothesize that in the naturally noninflammatory mucosal environment, 
SIgA facilitates a return to homeostasis after an inflammatory burst, and 
under steady-state conditions, it keeps the local environment in balance.

Thus, in terms of humoral immunity at mucosal surfaces, SIgA appears 
to combine properties of a neutralizing agent (immune exclusion) and of an 
immunomodulator, underscoring a novel facet of its complex  functioning. The 
information summarized in this chapter illustrates the diversity of  biological 
properties of SIgA, which, given the crucial role of this class of antibody in 
maintaining the integrity of mucosal barriers, is deserving of further study.
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