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Abstract

Secretory IgA (SIgA) antibodies in the intestinal tract form the first line of antigen-specific 

immune defense, preventing access of pathogens as well as commensal microbes to the body 

proper. SIgA is transported into external secretions by the polymeric immunoglobulin receptor 

(pIgR). Evidence is reported here that the gut microbiota regulates production of SIgA and pIgR, 

which act together to regulate the composition and activity of the microbiota. SIgA in the 

intestinal mucus layer helps to maintain spatial segregation between the microbiota and the 

epithelial surface without compromising the metabolic activity of the microbes. Products shed by 

members of the microbial community promote production of SIgA and pIgR by activating pattern 

recognition receptors on host epithelial and immune cells. Maternal SIgA in breast milk provides 

protection to newborn mammals until the developing intestinal immune system begins to produce 

its own SIgA. Disruption of the SIgA-pIgR-microbial triad can increase the risk of infectious, 

allergic andinflammatory diseases of the intestine.
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1. Introduction

The mucosal surfaces of the human body are home to some 100 trillion microorganisms, 

tenfold more than the total number of host cells throughout the body [1]. The highest 

concentrations of microbes are found in the intestinal tract, particularly in the colon.The 

mucosal immune system in the gut faces the challenge of eliminating potential pathogens 

while maintaining a mutually beneficial relationship with the commensal microbiota. 
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Secretory antibodies of the IgA class (SIgA) represent the first line of antigen-specific 

immune defense in the gut lumen [2,3].The majority of the IgA antibodies in gut secretions 

are germline encoded, low affinity and cross-reactive against redundant microbial antigens; 

however, when challenged, the mucosal B cell system can generate high-affinity, 

somatically mutated IgA antibodies with unique specificities[4-10]. SIgA antibodies allow 

beneficial microbes to thrive within the gut lumen while preventing their access to the body 

proper. When pathogenic microbes threaten to breach the epithelial barrier, SIgA antibodies 

can cooperate withother elements of the immune system to kill the invading pathogens, 

albeit at the cost of inflammatory damage to host tissues.

In healthy humans, up to 3 g/day of SIgA is delivered into intestinal secretions[11,12].In the 

intestine, tight junctions between adjacent epithelial cells maintain a highly selective 

barrier,which prevents paracellular leakage of luminal contents as well as passive diffusion 

of antibodies from their site of synthesis by plasma cells in the lamina propria into the gut 

lumen. Transport of locally synthesized IgA across glandular and mucosal epithelial cells 

into external secretions is mediated by the polymeric immunoglobulin receptor (pIgR) 

[13-15] (Fig. 1). Proteolytic cleavage of pIgR at the apical surface of epithelial cells releases 

a complex of IgA covalently bound to secretory component (SC), the extracellular domain 

of pIgR. This complex is designated SIgA to distinguish it from IgA devoid of SC, the major 

form of IgA in the blood circulation. The SC moiety protects SIgA from degradation by host 

and bacterial proteases in the intestinal tract[16-18], promotes glycan-dependent adherence 

of SIgA to bacteria [19] and neutralizes inflammatory host factors, such as IL-8 [20,21]. 

Thus, pIgR-mediated epithelial transcytosis is crucial for the immune and anti-inflammatory 

functions of SIgA. The discovery that polymorphisms in the PIGR gene locus are linked to 

increased susceptibility to inflammatory bowel diseases in humans[22,23]highlights the 

clinical relevance of this pathway.This review will focus on the mechanisms through which 

epithelial-microbial cross-talk regulates the transport and homeostatic functions of SIgA in 

the intestine.

2. Intestinal SIgA promotes host-microbial mutualism

It has long been appreciated thatcommensal microbes induce IgA responses in the intestine, 

and more recent evidence demonstrates that SIgA regulates the composition and function of 

the commensalmicrobiota. The experimental evidence for SIgA-microbial reciprocity will 

be discussed here (Table 1).Thecellular and molecular mechanisms that mediatethis 

reciprocal relationship between IgA and the gut microbiota have been discussed in detail in 

recent reviews [1-3,24-27].

2.1. Commensal microbes induce intestinal IgA responses

Four decades ago,the observation was made that SIgA levels were extremely low in the 

intestinal contents of germ-free mice (devoid of commensal microorganisms) compared to 

mice with a normal microbiota [28], suggesting that microbial colonization of the intestine 

after birth provides the antigenic stimulus for development of IgA responses. Formal proof 

of this concept was provided by the demonstration that mono-colonization of formerly 

germ-free mice with various strains of normal gut bacteria resulted in hypertrophy of 

Peyer’s patches and population of the intestinal lamina propria with IgA-secreting plasma 
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cells [29,30]. More recently, using a model of reversible colonization of germ-free mice 

with a non-dividing mutant of Escherichia coli, a long-lived SIgA response was observed 

that was specific for the inducing bacterial strain [31] However, exposure of E. coli-

colonized mice to other bacteria limited the duration of the SIgA response against the 

original colonizer, suggesting that the SIgA response adapts to the dominating members of 

the microbiota.In another study, antigen-specific fecal SIgA was induced by colonization of 

adult germ-free mice with the microbiota of infant conventional mice, which was dominated 

by Proteobacteria of the family Enterobacteriaceae[32]. By contrast, these investigators 

found no specific increase in fecal SIgA antibodies following colonization of adult germ-

free micewith a more diverse microbiota from adult conventional mice. However, other 

investigators reported that specificSIgA responses could be generated in adult conventional 

miceafter repeated oral administration of high doses of individual commensal bacterial 

strains [33]. Although it can be challenging to demonstrate specific effects of the commensal 

microbiota on IgA responses in humans, a recent study demonstrated that treatment of adult 

volunteers with prebiotic oligosaccharides altered the composition of the gut microbiota and 

was correlated with an increase in fecal SIgA levels [34]. Taken together, this evidence 

suggests that intestinal IgA responses continually adapt to the composition of the resident 

microbiota, allowing dynamic host-microbial mutualism.

2.2. Intestinal SIgA regulates the composition and activity of the commensal microbiota

If the commensal microbiotais the main driving force for intestinal IgA responses, how then 

do thesevast quantities of SIgA antibodies affect the composition and activity of the 

microbiota? A flow cytometric analysis of feces from 22 healthy humans, using antibodies 

to human IgA, revealed thatthe proportion of gut bacteria coated with IgA ranged from 

24-74% (median 45%) [35]. A study of human salivary IgA with specificity fororal bacteria 

suggested that binding of SIgA to bacterial cell walls does not affect bacterial viability or 

replication [36], but rather may limit access of bacteria to host tissues. Two recent studies in 

mice identified specific bacterial taxa in the intestinal contents that were coated with IgA, by 

first sorting bacteria into IgA-coated and uncoated pools using fluorescence-activated cell 

sorting, then sequencing the 16S rRNA genes of the IgA-coated bacteria.Cullenderet al.[37], 

in a study with adult mice, found thatabout 22% of intestinal bacteria were found to be 

coated with IgA, particularly gram-negative bacteria within the phyla Bacteroidetes and 

Proteobacteria. Interestingly, when cecal bacteria were analyzed from mice deficient in Toll-

like receptor (TLR)5, a pattern recognition receptor broadly reactive to bacterial flagellin, 

the proportion of IgA-bound Proteobacteria was diminished. The functional significance of 

reduced IgA coating was demonstrated by the finding that flagellated bacteria breached the 

mucosal barrier in the intestines of TLR5-deficient mice. In this example of host-microbial 

mutualism, it appears that flagellated gut bacteria stimulate host IgA responses through 

TLR5-dependent signaling, and the resultant IgA antibodies limit access of flagellated 

bacteria to host tissues.In another study, Mirpuri et al.[32] found that the ratio of IgA-bound 

vs. -unbound Proteobacteria of the family Enterobacteriaceaeincreased significantly in the 

feces of mice from birth to adulthood, reaching a ratio of about 6:1 by the age of 6 weeks. 

By contrast, the ratio of IgA-bound vs. -unbound Bacteroides and Firmicutes was much 

lower (about 1:1), and did not change with age.
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Direct evidence for a role of IgA in regulating the gut microbiota was provided by a study of 

mice deficient in the enzyme activation-induced (cytidine) deaminase (AID), which 

catalyzes immunoglobulin class switching from IgM to IgA in activated B cells [38]. A 

persistent expansion of anaerobic bacteria, dominated by segmented filamentous bacteria 

(SFB), was observed throughout the small intestine of AID-deficient mice, which lack IgA 

(as well as IgG and IgE). This observation was particularly significant in that SFB are 

known to adhere tightly to intestinal epithelial cell surfaces and induce robust IgA responses 

[39]. Restoration of IgA responses in AID-deficient mice by anastomosis with wild-type 

mice restored a more normal gut microbiota, with dramatic decreases in the numbers of 

SFB.Another group of investigatorsdeveloped an experimental system in which germ-free, 

immunodeficient mice (which lacked immunoglobulins of all isotypes) were mono-

colonized with Bacteroides thetaiotaomicron, a prominent member of the normal gut 

microbiota of mice and humans [40]. In the absence of intestinal antibodies,B. 

thetaiotaomicron induced a robust host inflammatory response. Systemic instillation of a 

monoclonal IgA antibody specific for this bacterium, which was transported into the 

intestinal lumen as SIgA, reduced the inflammatory response without altering the numbers 

of B. thetaiotaomicron in the intestinal lumen. In a more recent study, IgA deficiency in 

mice was found to result in increased colonization by Proteobacteria and enhanced 

susceptibility to chemically-induced colitis [32]. The role of SIgA antibodies can be 

examined more specifically by comparing wild-type mice to pIgR-deficient mice, which 

have elevated serum IgA but are devoid of SIgA in intestinal secretions [41]. A recent study 

demonstrated that absence of intestinal SIgA was associated with an altered composition of 

the gut microbiota and dysregulated gene expression in intestinal epithelial cells[42].Based 

on these studies, it can be concluded that association of SIgA antibodies with gut bacteria 

regulates the composition of the commensal microbiota without compromising its beneficial 

functions. This conclusion, however, relies heavily on studies in experimental animals 

where genetic and environmental factors can be controlled and monitored. Further studies 

are needed in humans to explore the reciprocal relationship between intestinal SIgA and the 

resident microbiota, and its implications for health and disease.

2.3. Association of SIgA and gut bacteria with intestinal mucus protects the epithelium

It has been postulatedthat SIgA mediates immune exclusion at least in part by trapping 

microbes in the mucus layer overlying the epithelium of mucosal surfaces [20,43]. An in 

vivostudy in mice demonstrated that N-glycan side chains on theSC moiety anchorSIgA to 

the mucus gel lining the luminal surface of the respiratory tract[43]. It has been assumed that 

SIgA carries out a similar role in the intestinal tract. The mucus layer is thicker in the 

intestinal tract than in other mucosal surfaces, comprising a dense inner layer (increasing in 

thickness from 15-30 μm in the small intestine to ~ 100 μm in the colon) and a loose outer 

layer (100-400 μm in the small intestine and ~ 700 μm in the colon) [44]. The inner mucus 

layer is rich in antimicrobial peptides and is relatively sterile, whereas the outer mucus layer 

is densely populated by commensal microbes[45] (Fig. 2).

The major glycoprotein constituent of intestinal mucus is mucin-2 (Muc-2) [46], the product 

of the MUC2 gene in humans and the Muc2 gene in mice, and is secreted primarily by 

goblet cells. Mice with a targeted deletion in the Muc2 gene have reduced numbers of goblet 
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cells and are completely devoid of a mucus layer at the luminal surface [47]. To determine 

whether SIgA is anchored in intestinal mucus via interactions with Muc-2, a recent study 

from the author’s laboratory analyzed the localization of SIgA in colonic mucus from wild-

type and Muc-2-deficient mice[48]. Surprisingly, SIgA was relatively absent from the 

Muc-2 rich inner mucus layer in wild-type mice, and was instead associated with gut 

bacteria in the outer mucus layer. Similar localization of SIgA in the outer mucus layer was 

observed in colonic biopsies from healthy humans. In Muc-2-deficient mice that lacked a 

mucus layer, SIgA and bacteria were observed in close association with the epithelial 

surface. In mice deficient in both Muc-2 and pIgR, the epithelial surface was densely 

populated with bacteria, but SIgA was absent, demonstrating that pIgR is essential for 

delivering SIgA to the epithelial surface. These findings suggest that anchoring of SIgA to 

gut mucus is accomplished mainly through interactions of SIgA with bacteria, which could 

involve antigen-antibody binding via the IgA moiety as well as carbohydrate-dependent 

binding of the SC moiety to the bacterial surface (Fig. 2). In support of this model, a recent 

study demonstrated that the N-glycan side chains of SC mediate the association of SIgA 

with gram-positive commensals [19]. This model does not rule out the possibility of direct 

interactions between SIgA and mucin proteins, although the affinity of these interactions 

does not appear to be sufficient to retain SIgA in the inner mucus layer. In the outer mucus 

layer, weak interactions between SIgA and mucus may synergize with strong interactions 

between SIgA and gut bacteria, thus impeding migration of bacteria into the inner mucus 

layer.A decreasing concentration gradient of bacteria from the outer to the inner mucus layer 

would enhance the effectiveness of antimicrobial peptides in the inner layer. These findings 

shed new light on the mechanisms through which SIgA mediates immune exclusion in the 

intestine.

2.4. SIgA protects against intestinal inflammation

Inflammatory bowel diseases (IBD, including Crohn’s disease [CD] and ulcerative colitis 

[UC])are thought to result from a dysregulated immune response to normal components of 

the gut microbiota (reviewed in [49]). While many elements of the mucosal immune system 

are involved in protection against and exacerbation of intestinal inflammation, it is likely 

that the reciprocal relationship between SIgA and the gut microbiota plays an important role. 

In a study from the author’s laboratory comparing CD patients with healthy controls, disease 

severity was found to be correlated with down-regulation of pIgR expression in the colonic 

mucosa,dysregulated epithelial transcytosis of IgA, accumulation of IgA in the intestinal 

lamina propria, and increased levels of circulating IgA [50]. We and others have reported 

that expression of pIgR is down-regulated in colonic epithelial cells in experimental murine 

colitis induced by oral administration of dextran sulfate sodium to wild-type mice[51,52], or 

by adoptive transfer of effector T cells into immunodeficient mice [51]. A specific role for 

SIgA in preventing inflammation was suggested by the finding that pIgR-deficient mice 

were more susceptible than wild-type mice to chemically-induced colitis [42,53].

If SIgA is important for prevention of intestinal inflammation, it should follow that humans 

with selective IgA deficiency (IgAD), the most common of the primary antibody 

deficiencies, would be at increased risk for development of IBD. Indeed, this was the 

conclusion of a recent population-based matched cohort study in Sweden comparing 2,100 
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patients with IgAD (defined as having a serum IgA level of <0.07 g/L, with normal IgM and 

IgG levels) and 18,653 age- and gender-matched healthy controls[54].These investigators 

found a significantly elevated prevalence of IBD in IgAD patients compared to healthy 

controls (3.9% vs. 0.81%, prevalence ratio = 5.0), which was more pronounced for CD than 

for UC. Interestingly, IgAD patients had an even greater prevalence of celiac disease, an 

antigen-specific autoimmune disease associated with intestinal inflammation (6.7% vs. 

0.19% in controls, prevalence ratio = 35). Despite the significantly increased risk, it must be 

noted that the majority of individuals with IgAD did not develop either IBD or celiac 

disease, underscoring the multifactorial pathogenesis of these inflammatory diseases of the 

intestine. Recently, an IBD-associated polymorphism was identified in a non-coding region 

adjacent to the human PIGR gene locus on chromosome 1 [23]. It will be important to 

determine whether this polymorphism affects pIgR expression or SIgA levels in mucosal 

secretions, and whether these changes are associated with increased risk for developing IBD 

or disease severity. There is also a need to identify other genetic and environmental factors 

that may interact with reduced SIgA levels to increase disease risk.

Reduction in intestinal SIgA, due to primary deficiency of IgA or pIgR or inflammation-

induced down-regulation of pIgR expression, could lead to imbalances in the gut microbiota, 

further exacerbating inflammation. Molecular characterization of the gut microbiota in IBD 

patients has indicated a trend toward decreased biodiversity and increased levels of 

potentially pro-inflammatory bacterial taxa, collectively termed dysbiosis (reviewed in [55]). 

Whatever the primary cause, disruption of the mutualistic relationship between SIgA and the 

microbiota could lead to a vicious cycle of decreasing SIgA and increasing dysbiosis over 

time. There is a clear need to develop novel therapeutic strategies that could restore a more 

normal balance. Manipulations of the microbiota with antibiotics, probiotics, prebiotics, diet 

and/or fecal transplants has been suggested [56]. Passive therapy with SIgA antibodies has 

been successful in some animal models [40], and early exposure to breast milk-derived SIgA 

may reduce future risk of intestinal inflammation (see Section 3, below).Controlled studies 

and clinical trials in humans will be needed to determine the efficacy of these approaches. 

Monitoring of fecal SIgA levels and changes in the gut microbiota in patients with intestinal 

inflammation could identify those individuals who might profit from therapeutic 

interventions.

3. Breastmilk-derived maternal SIgA promoteshost-microbiota mutualism

Seminal studies on the structure and function of IgA revealed that SIgA in breast milk 

provides the first source of antibody-mediated immune protection in the intestinal tract of 

suckling infants[57-62] (Fig. 3). As the intestinal immune system develops in the offspring, 

there is a slow transition to endogenous production of SIgA via pIgR-mediated transport of 

locally synthesized IgA into the gut lumen. In human infants the timing of endogenous SIgA 

production varies widely, largely depending on environmental factors such as microbial load 

in the intestine [63]. In developed countries, it may take several years before the 

concentrations of intestinal SIgA achieve adult levels. In mice, endogenous SIgA is 

produced only after weaning, at about 3-4 weeks of age [18].While the benefits of breast 

milk-derived SIgA during infancy are clear, there is some controversy as to whether these 

beneficial effects persist into later life.
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3.1. Breastfeeding regulates the composition of the gut microbiota in human infants, and 
provides protection against infectious, allergic and inflammatory diseases

There is considerable evidence from epidemiological studies that the composition of the gut 

microbiota differs significantly between breast-fed and formula-fed infants [64-71]. 

However, the specific components in breast milk that regulate the microbiota, including 

SIgA, have not systematically been investigated. Furthermore, it is controversial whether the 

composition of the microbiota of older children and adults reflects early breastfeeding 

experience. These gaps in our knowledge highlight the need for well-controlled longitudinal 

studies in humans to investigate the long-term effects of breast milk-derived SIgA on the 

composition of the gut microbiota.

Epidemiological studies and clinical reports suggest that SIgA antibodies in breast milk may 

reduce the incidence of a wide range of bacterial, viral and parasitic infections in suckling 

infants [72-93]. In each of these studies, the presence of SIgA antibodies against the 

infectious agent in question was correlated with protection, implying a specific effect of 

SIgA in addition to the general benefits of breastfeeding. While the predominant protective 

mechanism of SIgA in breast milk likely involves immune exclusion of pathogens at 

mucosal surfaces of the suckling infant, other protective mechanisms could include innate 

enhancement of the epithelial barrier and promotion of a healthy commensal microbiota.

In addition to preventing infectious diseases, there is evidence that early exposure to SIgA in 

breast milk may reduce the incidence of allergic diseases later in life [94-101]. However, the 

benefits of breast milk-derived SIgA remain controversial, largely due to the lack of 

standardization of epidemiological studies with regard to duration of breastfeeding, 

concentrations of SIgA and other anti-inflammatory factors in breast milk, effects of other 

variables such as diet, history of infectious diseases, and the composition of the resident 

microbiota, and outcomes measured. The PASTURE project (Protection Against Allergy: 

Study in Rural Environments), a large prospective birth cohort study conducted in Austria, 

Finland, France, Germany and Switzerland, represents the best effort to date to control for at 

least some of these variables[102]. In this study, levels of SIgA were analyzed in 610 breast 

milk samples collected 2 months after delivery. Questionnaires were used to assess duration 

of breastfeeding, environmental and socioeconomic factors, and the incidence of atopic 

dermatitis and asthma up to age 6. Atopic status was defined by levels of antigen-specific 

IgE in blood at the ages of 4 and 6 years. Multivariate logistic regression analysis revealed a 

significant inverse association between the total amount of SIgA that was ingested via breast 

milk during the first year of life and the development of atopic dermatitis[101]. However, 

the incidence of asthma and atopic sensitization were not consistently associated with SIgA 

consumption. While the results from the PASTURE study represent a step in the right 

direction for assessing the potential benefits of breast milk-derived SIgA, many questions 

remain to be answered. In particular, it will be important to assess the relationship between 

early exposure to SIgA and subsequent allergic disease in other geographic settings 

(including urban areas) and in other demographic groups. Furthermore, analysis of the gut 

microbiota at birth and throughout childhood could illuminate the role of host-microbial 

interactions in allergic diseases.
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Given the importance of SIgA in protection against intestinal inflammation (see Section 

2.4), the question arises whether early exposure to SIgA in breast milk reduces the incidence 

of inflammatory diseases in childhood and later in life. A meta-analysis of 4 epidemiological 

studies involving pediatric and adult IBD patients indicated that breast milk exposure 

reduced the subsequent risk of developing CD (odds ratio, 0.45; 95% confidence interval 

(0.26-0.79) and UC (odds ratio 0.56; 95% confidence interval 0.38-0.81) [103].A subsequent 

meta-analysis of 7 epidemiological studies of pediatric IBD patients indicated that breast 

milk exposure had a significant protective effect against development of early-onset IBD 

(odds ratio, 0.69; 95% confidence interval, 0.51-0.94) [104]. However, both groups of 

investigators noted the generally poor quality of the epidemiological data, and the SIgA 

content of breast milk was not considered. There is a clear need for well-designed 

prospective studies to investigate the benefits of breastfeeding in reducing the risk of IBD, 

and these studies should include an analysis of SIgA in breast milk. These human studies 

should be complemented with controlled studies in experimental animals that can shed light 

on the mechanisms through which early exposure to SIgA in breast milk can promote 

lifelong host-microbial mutualism, and protect against intestinal inflammation.

3.2. Studies on the effects of maternal antibodies in breast milk on the developing 
intestinal immune system of offspring mice

The relative contributions of passively delivered maternal antibodies vs. endogenously 

producedantibodies on the developing intestinal immune system have been studied in mice 

by analyzing offspring of dams with immune deficiencies.The impact of maternal antibodies 

on intestinal immunity was first studied by crossing wild-type male mice with females with 

severe combined immunodeficiency (scid/scid), which lack all antibodies in breast milk 

[105]. Because the scid/+ offspring of these crosses are able to produce their own SIgA (as 

well as other antibody isotypes), the differential effects of maternal vs. endogenous SIgA 

could be compared. As an additional approach, scid/+ offspring were cross-fostered to wild-

type or scid/scid mothers at birth, thus allowing a direct analysis of the impact of maternal 

antibodies. Scid/+ pups born to or nursed by scid/scid mothers were observed to undergo 

accelerated development of endogenous lgA responses, which appeared to be triggered by 

early colonization of bacteria such as SFB in the intestinal tract. To follow up on this 

observation, these investigators designed a study involving reciprocal crossings of scid/scid 

and scid/+ female and male mice that had formerly been germ-free and were mono-

colonized with SFB[106].They observed earlier colonization of the intestinal mucosa with 

SFB in offspring ofscid/scid mothers, regardless of whether the genotype of the pups 

wasscid/scid or scid/+.Interestingly, scid/+ offspring of scid/scid mothers, which produced 

endogenous SIgA after weaning, were eventually able to lower their intestinal levels of SFB. 

By contrast, intestinal levels of SFB remained high until at least 70 days of age in scid/scid 

offspring of scid/scid mothers.These findings suggest that maternal antibodies in breast milk 

provide important protection to the newborn intestinal tract during the critical early period 

when the ability of the newborn to produce its own antibodies is developing. Although the 

focus of these studies was on SFB, it is likely that the presence or absence of maternal 

antibodies affected the host response to other members of the commensal microbiota.
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Using a variation of this breeding strategy, another group of investigators crossed wild-type 

male mice with recombination-activating gene-deficient (RAG−/−)females (which lack all B 

and T cells, and produce no antibodies of any isotype) or JH−/− females (which lack mature 

B cells and produce no antibodies of any isotype) [107]. Similar to the earlier studies with 

scid/scid mice, these investigators observed earlier induction of intestinal IgA responses in 

offspring of immune deficient mothers. They further reported that cross-fostering of JH−/− 

pups with wild-type mothers resulted in diminished translocation of Enterobacter cloacae to 

draining mesenteric lymph nodesintragastric challenge, compared to JH−/− pups that were 

nursed by JH−/− mothers. Using a similar breeding scheme with RAG−/− females and wild-

type males, other investigators observed altered expression patterns of selected genes in 

intestinal epithelial cells of offspring that were deprived of maternal antibodies in breast 

milk [108].

While these studies with immunodeficient dams suggested that maternal antibodies in breast 

milk contribute to the development of the intestinal immune system in suckling infants, the 

specific effects of SIgA were not evaluated. Furthermore, the absence of systemic antibodies 

(as well as T cells in scid/scid and RAG−/− mice) may have had detrimental effects on the 

dams that impacted the pre- and post-nataldevelopment of their offspring. Finally, although 

responses to individual bacterial strains were assessed in these studies, there were no 

comprehensive analysis of the impact of breast milk antibodies on the composition of the 

microbiota in the offspring, or the responses of host epithelial cells. To address these issues, 

a recent study from the author’s laboratory utilized a breeding scheme in which Pigr−/− 

dams (which lacked SIgA in breast milk) were crossed with Pigr+/− males, and vice 

versa[18]. Because the offspring of these crosses were evenly distributed between the 

Pigr+/− (SIgA-sufficient) and Pigr−/− (SIgA-deficient) genotypes, we could study the 

independent effects of passive (i.e., breast milk-derived) and active (endogenously 

produced) SIgA. We hypothesized that early exposure to maternal SIgA would foster the 

development of host-microbial mutualism and enhance epithelial barrier function. In support 

of this hypothesis, we found that failure to receive SIgA in breast milk resulted in increased 

translocation of aerobic bacteria from the neonatal gut into draining lymph nodes, regardless 

of the Pigr genotype of the offspring. A prominent species among the bacteria that breached 

the epithelial barrier wasOchrobactrum anthropi,which has been identified as an 

opportunistic pathogen in preterm infants and immunocompromised individuals [109-111]. 

This finding supports the concept from epidemiological studies in humans that SIgA in 

breast milk helps to prevent neonatal infections. Enhancement of epithelial barrier function 

by SIgA could also reduce exposure of the systemic immune system of neonates to 

environmental and dietary allergens, thus reducing the risk of developing allergic diseases.

A comprehensive analysis of the fecal microbiota in Pigr+/−offspring of Pigr+/−and 

Pigr−/−mothers highlighted the importance of breast milk-derived SIgA in regulating the 

composition of the gut microbiota[18].By the age of weaning, mice that received maternal 

SIgA in breast milk had a significantly different gut microbiota from mice that did not 

receive SIgA. Importantly,the differences in the gut microbiota were magnified when the 

offspring of Pigr+/− vs.Pigr−/−mothers reached adulthood, despite the fact that the 

endogenous production of SIgA was comparable in all the offspring. This finding suggests 
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that the microbiota that develops in the presence of maternal SIgA antibodiessets up a long-

lasting pattern of SIgA-microbial reciprocity.Certain parallels were evident between the 

altered microbiota of mice that did not receive passive SIgA in breast milk and the 

microbiota of patients with inflammatory bowel disease (IBD). For example, increased 

abundance of bacterial taxa in the families Pasteurellaceae (phylum Proteobacteria) and 

Lachnospiraceae (phylum Firmicutes) has been observed in the gut microbiota of pediatric 

IBD patients [112], and increased abundance oftaxa in the family Comamonadaceae 

(phylum Proteobacteria) has been observed in the microbiota of adult IBD patients with 

chronic pouchitis [113]. Although caution must be exercised in translating results from 

controlled animal experiments to the complex human condition, our findings are consistent 

with the concept that early exposure to SIgA in breast milk promotes the development of a 

healthy microbiota that may provide protection against inflammatory diseases later in life. 

There is a clearly a need for more longitudinal studies to evaluate changes in the 

composition and function of the microbiota from infancy through childhood and adulthood, 

controlling for the presence and duration of breastfeeding and the concentration of SIgA in 

breast milk.

Having observed that the effects of breast milk-derived SIgA included promotion of 

epithelial barrier function and establishment of a distinctive microbiota, we hypothesized 

that the expression profile of epithelial cells could be altered as well. In support of this 

hypothesis, we found that the pattern of global gene expression in intestinal epithelial cells 

of adult mice was affected by early exposureto SIgA in breast milk as well as continuing 

production of endogenous SIgA [18]. Furthermore, this altered pattern of gene expression 

was correlated with increased susceptibility to colonic inflammation caused by the 

epithelial-disrupting agent dextran sulfate sodium. Interestingly, some of the genes whose 

expression wasregulatedby SIgA were orthologs of genes that have been associated with 

IBD and other intestinal inflammatory diseases in humans, including FUT2, IRF1, 

PLA2G2A, SLC26A3, VDR and ZMIZ1.In this context it is significant that down-regulation 

of pIgR expression by colonic epithelial cells has been correlated with disease severity in 

IBD patients [50], and that polymorphisms in the non-coding regions of the human PIGR 

gene locus have been associated with increased risk for IBD [23] (see Section 2.4, above). It 

will be important to determine whether PIGR gene polymorphisms affect the level of pIgR 

expression in the intestinal epithelium, and its potential consequences on global gene 

expression. It will also be important to study the effects of PIGR gene polymorphisms on 

SIgA levels in the milk of breastfeeding women, which could impact the development of 

host-microbial mutualism in the intestinal tract of the suckling infant.

4. Epithelial transcytosis of SIgA is regulated by the gut microbiota

The evidence described above supports a reciprocal relationship in which the gut microbiota 

induces host SIgA responses, which in turn regulate the composition and activity of the 

microbiota. Intestinal epithelial cells are important players in this host-microbial mutualism, 

by receiving signals from microbes and their products, transmitting these signals to immune 

cells, producing mucins and a wide range of antimicrobial peptides, and transporting IgA 

from its site of synthesis in the lamina propria into gut secretions[114]. Although it was 

initially proposed that intestinal epithelial cells were “ignorant” or “tolerant” of microbial 
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antigens, it is now appreciated that the epithelium actively senses microbes through pattern 

recognition receptors (PRRs) that respond to redundant microbe-associated molecular 

patterns (MAMPs) [115]. We now know that the PIGR gene is one of the many targets of 

PRR signaling in intestinal epithelial cells [13-15]. Because one molecule of pIgR is 

consumed for every molecule of IgA that is transported across intestinal epithelial cells (Fig. 

1), the rate of SIgA delivery into gut secretions is limited by the number of pIgR molecules 

at the epithelial surface.By inducing pIgR expression, the commensal microbiota can 

increase the concentration of SIgA in the intestinal lumen, thus adding an additional layer to 

its reciprocal relationship with SIgA.

4.1. Evidence that the commensal microbiota induces pIgR expression

The first demonstration that gut bacteria may modulate SIgA transport came with the report 

that butyrate, a bacterial fermentation product and important energy source in the colon, up-

regulated expression of pIgR in the human colonic epithelial cell-line HT-29 [116]. A direct 

role for commensal bacteria in stimulating pIgR expression was demonstrated by the finding 

that mono-colonization of formerly germ-free mice with the commensal bacterium B. 

thetaiotaomicron restored intestinal expression of pIgR to levels comparable to those in 

mice with a normal microbiota[117]. In the intestinal tract of humans and mice,the level of 

expression of pIgR is directly correlated with the density of luminal bacteria, being 

substantially higher in the colon than in the small intestine [50,118].In vitroexperiments with 

HT-29 cells demonstrated that expression of pIgR was induced by co-culturewith E. coli or 

Salmonella typhimurium, gram-negative bacteria of the family Enterobacteriaceae [119].

Theoretical models for the regulation of gene expressionin colonic epithelial cells must be 

reconciled with the observation that in the colon, most commensal bacteria are spatially 

segregated from the epithelial surface, residing in the outer layer of mucus (Fig. 2) (see 

section 2.3, above). The finding that live and heat-killed bacteria induced similar levels of 

pIgR expression in HT-29 cells suggested that signaling pathways can be induced by shed 

bacterial products in addition to direct adherence of bacteria to the epithelial cell surface. 

Indeed,stimulation of HT-29 cells with purified lipopolysaccharide (LPS) from S. 

typhimuriumor E. coli caused a robust increase in pIgR expression [118-120]. It has been 

conjectured that shed products from dead bacteria can diffuse through the dense inner layer 

of mucus in the colon, thus gaining access to PRRs on the mucosal surface of epithelial cells 

[121]. The fact that low concentrations of LPS (1-200 pg/ml) can be detected in the 

circulation of healthy humans and experimental animals in the absence of bacteremia 

[122-124] suggests that LPS shed by gut bacteria may diffuse through the mucus layer and 

breach the epithelial barrier. A study using freshly isolated rat colons mounted in diffusion 

chambers demonstrated that luminally-administered LPS could migrate from the mucosal to 

the serosal surface, and that this process was enhanced by prior exposure of the rats to LPS 

by the oral route [125]. Importantly, these investigators detected expression of the LPS 

receptor TLR4 and its co-receptor CD14 at the mucosal surface of freshly isolated rat 

colons. Although it is difficult to ascertain the actual amounts of LPS that diffuse through 

the mucus to reach the mucosal surface, it is reasonable to posit that the large numbers of 

commensal bacteria in the colon would provide an abundant supply of LPS and other by-

products that could stimulate epithelial PRRs. Much remains to be determined regarding the 
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mechanisms through which bacterial by-products cross the mucus layer and gain access to 

the epithelial surface, and how changes in the composition of the gut microbiota may alter 

the concentration and composition of PRR ligands.

In addition to direct stimulation of epithelial cells, microbial products mayregulate pIgR 

expression indirectly stimulating the release of cytokines by host innate and adaptive 

immune cells, including interferon (IFN)-γ, interleukin (IL)-1, IL-4, IL-17, tumor necrosis 

factor (TNF)and lymphotoxin (LT)-β(reviewed in [13,15]).Most of these studies involved 

direct stimulation of culturedintestinal epithelial cell-lines with recombinant cytokines. The 

in vivosignificance of these findings was confirmed in a recent study demonstrating that 

mice deficient in T cells (TCR-βxδ−/−) mice exhibited reduced expression of pIgR and 

secretion of SIgA in the intestinal tract [126]. Mice deficient in the IL-17 receptor 

(IL17R−/−) also had reduced levels of pIgR and SIgA, suggesting an important role for 

IL-17 signaling. Adoptive transfer of IL-17 secreting Th17 cells specific for an 

immunodominant antigen of the commensal microbiota (CBir1 flagellin) caused a 

significant increase in pIgR levels, as well as total SIgA and CBir1-specific IgA. These 

findings highlight the importance of microbial antigens in stimulating pIgR expression via 

host cytokines, and demonstrate the need for additional research on the role of the gut 

microbiota in regulating host cytokine production.

4.2. Signaling pathways that regulate pIgR expression

Molecular cloning of the human PIGR and mouse Pigr genes revealed the presence of 

regulatory elements that are activated by TLR and cytokine receptor signaling pathways 

[120,127-130] (Fig. 4). Ligation of TLR4 by bacterial LPS transduces signals through the 

cytoplasmic adaptor protein myeloid differentiation primary response protein 88 (MyD88), 

which initiatesthe “classical” pathway of nuclear factor (NF)-κB activation. Phosphorylation 

of IκBα by IKKβ and its subsequent degradation results in nuclear translocation of an NF-

κB dimer comprising p65/RelA and p50 subunits, which bind to a cognate element in intron 

1 of the PIGR gene.Knockdown of RelA expression using small inhibitory RNA(siRNA) or 

mutation of the intron 1 NF-κB site was shown to block the induction of PIGR gene 

expression by LPS in HT-29 cells [119,120]. Knockdown of MyD88 expressionalso blocked 

LPS-inducedPIGR gene transcription in HT-29 cells, and mice with a targeted deletion of 

the Myd88 gene in intestinal epithelial cells had reduced expression of pIgR and transport of 

SIgA compared to wild-type littermates [131]. A model is proposed in which continuous 

stimulation of intestinal epithelial cells by MAMPs (including, but not limited to LPS) 

maintains robust expression of pIgR by MyD88- and NF-κB-dependent signaling (Fig. 4). It 

is now clear that intestinal epithelial cells express a wide range of cell surface and 

intracellular PRRs [132]. Future studies on the signaling pathways used by these receptors 

should reveal additional mechanisms through which commensal and pathogenic microbes 

regulate pIgR expression in intestinal epithelial cells.

Multiple intracellular signaling pathways are involved in the regulation of pIgR expression 

by host cytokines, including Janus kinase-signal transduction and activator of transcription 

(JAK-STAT), NF-κB, mitogen-activated protein kinase (MAPK) and likely others(reviewed 

in [13-15]). Ligation of cell surface IFN-γresults in translocation of activated STAT1 dimers 
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to the nucleus, where they bind to a cognate element in the gene encoding Interferon 

Regulatory Factor (IRF)1 (Fig. 4). Newly synthesizedIRF1then induces transcription of the 

PIGR gene by binding to a cognate element in exon 1. IL-4 signaling causes nuclear 

translocation of activated STAT6 dimers, which bind to a cognate element in intron 1 of the 

PIGR gene, adjacent to the NF-κB site.Ligation of IL-1 receptors activates the MyD88 

signaling pathway, and may synergize with bacterial MAMPs to activate the intron 1 NF-κB 

site in the PIGR gene. By contrast, ligation of receptors for the pro-inflammatory cytokines 

TNF and IL-17initiates the classicalNF-κB activation pathwaythrough MyD88-independent 

signaling. TNF was shown to activate PIGR gene transcription through the same site in 

intron 1 that is activated by LPS [119,120,130]. Inhibition of the classical NF-κB activation 

pathway was found to block the induction of pIgR expression by IL-17 in HT-29 cells[126], 

suggesting that IL-17 signaling activates the PIGR gene through the same intron 1 NF-κB 

element that is activated by LPS, IL-1 and TNF.The induction of pIgR expression by IL-17 

is particularly important in light of the role that that intestinal microbes, especially SFB, 

play in inducing Th17 responses [133], as well as the production of intestinal IgA [106].

PIGR gene transcription has also been shown to be induced by ligation of cell surface 

receptors for lymphotoxin-β (LTBR), which activates the IKKα-dependent “alternative” 

activation pathway of NF-κB and leads to nuclear translocation of RelB/p52 dimers [119]. 

Experiments with siRNA-mediated knockdown of individual NF-κB subunits suggested that 

both RelA/p50 and RelB/p52 dimers can activate the NF-κB element in intron 1 of the PIGR 

gene. The involvement of multiple signaling pathways and transcription factors in regulation 

of PIGR gene transcription suggests that the gut microbiota promotes robust expression of 

pIgR in intestinal epithelial cells through direct binding of microbial products to cell surface 

receptors as well as by stimulating secretion of cytokines by host innate and adaptive 

immune cells.Future studies are likely to identify additional cytokines that regulate pIgR 

expression, and it will be important to examine synergy and/or antagonism among these 

cytokines in the complex milieu of the gut lamina propria.

4.3. Microbial stimulation may enhance the rate of pIgR-mediated transcytosis of SIgA

Epithelial transcytosis of SIgA is unidirectional, initiated by binding of polymeric IgA to 

pIgR at the basolateral surface, and culminating with proteolytic degradation of pIgR and 

release of SIgA at the apical surface (Fig. 1). Intracellular targeting of the pIgR is similar to 

other integral membrane proteins destined for the apical plasma membrane in polarized 

epithelial cells, which generally follow an indirect route involving initial targeting the 

basolateral surface and subsequent transcytosis to the apical surface[134].While constitutive 

transcytosis of pIgR and release of free SC can occur in the absence of pIgA, binding of 

pIgA to pIgR at the basolateral surface increases the transcytotic rate of the pIgR-pIgA 

complex by initiating a signaling cascade that involves the tyrosine kinase p62YES. This 

kinase phosphorylates several substrates including phospholipase Cγ1, leading an increased 

rate of exocytosis of pIgR-pIgA complexes from apical recycling endosomes[135].It was 

subsequently demonstrated that p62YES could also phosphorylate the epidermal growth 

factor receptor in an IgA-dependent manner, suggesting that other extracellular signals 

might also affect transcytosis[136]. Enhanced transcytosis of pIgR depended on 

phosphorylation and activation of extracellular regulated kinase (ERK), which in turn was 
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found to phosphorylate the Rab11 effector Rab11-FIP5. Thus stimulation of IgA production 

by the commensal microbiota could promote secretion of SIgA by enhancing the rate of 

pIgR-mediated epithelial transcytosis.

While the ability of IgA to stimulate its own transcytosis makes teleological sense, there is 

evidence that bacterial MAMPs can directly stimulate transcytosis of pIgR. Stimulation of 

HT-29 cells with live or dead E. coli or with LPS was found to enhance both pIgR 

expression and the rate of pIgA transport across polarized epithelial monolayers[137]. 

Because transcytosis was significantly enhanced prior to the increase in pIgR expression, the 

authors concluded that LPS could also directly stimulate transcytosis. Although the signal 

transduction pathway was not investigated in this study, it is possible that enhancement of 

pIgR transcytosis by LPS andpIgA stimulation converged at the point of ERK 

phosphorylation. Additional stimulation may have been mediated by other components of 

whole bacteria, such as formyl peptides, which have been shown to activate ERK in 

intestinal epithelial cells [138].

It should be noted that almost all the studies of epithelial transcytosis of IgA to date have 

utilized polarized monolayers of cultured epithelial cell-lines. While these models have been 

extremely useful for identifying the transcytotic pathway of SIgA and its regulation by 

intracellular signal transduction, there is a critical need for studying SIgA transcytosis in 

more physiological in vivoand ex vivo models. A recently published paper described method 

for the culture of epithelial spheroids from mouse colons, which allowed the expansion of 

intestinal epithelial stem/progenitor cells as a source of primary epithelial cells [139]. When 

grown on Transwell culture membranes, these colonic epithelial cells differentiated into 

monolayers that displayed high transepithelial electrical resistance, an index of cellular 

polarization and tight junction formation. Interestingly, transcytosis of IgA bythese 

epithelial monolayers was found to require induction of pIgR expression by treatment with 

LPS. This finding is consistent with the concept that robust pIgR expression is maintained in 

vivothrough continuous microbial stimulation, likely supplied by diffusion of LPS and other 

MAMPs through the mucosal barrier to the epithelial surface. These investigators confirmed 

earlier studies with epithelial cell-lines by demonstrating that TNF, IL-1β, IL-17 and heat-

killed microbes stimulated pIgR expressionand SIgA transcytosis. A major advantage of this 

ex vivo system is that cells can be harvested from mice with a wide range of genetic 

mutations, allowing precise identification of key signaling molecules and transcriptional 

regulatory motifs. For example, this system could be used to explore the impact on pIgR 

expression and SIgA transcytosis of single-nucleotide polymorphisms that have been linked 

to IBD risk, including polymorphisms in the PIGR gene. It will also be important to develop 

in vivoand ex vivo experimentalmodels in whichSIgA transcytosis can be studied in the 

presence of an intact mucus layer and a diverse microbial community, the ultimate goal 

being to study cooperativity amongSIgA, pIgR and the gut microbiota.

5. Concluding remarks

At mucosal surfaces, cooperativitybetween the commensal microbiota, secretory IgA and 

the polymeric immunoglobulin receptorpromotes a mutually beneficial relationship between 

the vertebrate host and some 100 trillion microbes (Fig. 5). The commensal microbiota 
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sends signals to host epithelial and immune cells, leading to increased expression of pIgR. In 

turn, pIgR mediates epithelial transcytosis of SIgA and donates the SC moiety, which 

enhances immune functions of SIgA. The microbiota also sends signals to B cells and T 

helper cells, which promote IgA class switching and production of polymeric IgA by plasma 

cells in the intestinal lamina propria. SIgA plays its part by regulating the composition and 

activity of the microbiota in ways that are beneficial to the host. By anchoring bacteria in the 

outer mucus layer of the intestine, SIgA helps to maintain spatial segregation between the 

microbiota and the epithelial surface. In newborn mammals, breast milk-derived maternal 

SIgA performs these functions until the developing intestinal immune system of the 

newborn can take over.

In the ideal situation, early exposure to SIgA in breast milk and robust production of 

endogenous SIgA throughout life promotes a mutually beneficialrelationship between the 

host and its microbiota and provides protection against infectious, allergic and inflammatory 

diseases. Achieving a better understanding of how this process works in healthy individuals 

offers the potential to develop novel and improved strategies for prevention and treatment of 

intestinal diseases. Where possible, breastfeeding should be encouraged, and further 

research should be devoted to finding ways to enhance SIgA levels in breast milk. Purified 

SIgA from breast milk could be explored as a potential supplement for infant formula, 

especially for premature and other high-risk infants. Purified SIgA may also offer promise 

as a therapeutic modality for allergic and inflammatory diseases. Manipulation of the gut 

microbiota though probiotics, prebiotics, and/or fecal transplants, could provide another 

avenue for optimizing SIgA production and function, although implementation of these 

strategies will require more knowledge about what constitutes a “healthy” microbiota at 

various stages of life. Finally, there is a need for a holistic approach in which SIgA status 

and the composition/function of the gut microbiota is studied in the broader context of a 

healthy lifestyle, including diet, weight management, exercise, vaccinations and other 

approaches to promote intestinal homeostasis and overall wellness.
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Abbreviations

AID activation-induced (cytidine) deaminase

Ag antigen

ERK extracellular receptor kinase

IgA immunoglobulin A

IBD inflammatory bowel disease

IFN interferon

IRF interferon regulatory factor
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IL interleukin

JAK Janus kinase

LPS lipopolysaccharide

LT lymphotoxin

MAMPs microbe-associated molecular patterns

MAPK mitogen-activated protein kinase

NF nuclear factor-kappaB-κB

PRR pattern recognition receptor

pIgA polymeric IgA

pIgR polymeric immunoglobulin receptor

RAG recombination activating gene

SC secretory component

SIgA secretory IgA

SFB segmented filamentous bacteria

scid severe combined immunodeficiency

STAT signal transducer and activator of transcription

siRNA small inhibitory RNA

TCR T cell receptor

TJ tight junction

TLR Toll-like receptor

TNF tumor necrosis factor
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Highlights

• Secretory IgA (SIgA) is transported across epithelial cells into intestinal 

secretions by the polymeric immunoglobulin receptor (pIgR).

• The gut microbiota regulates production of SIgA and pIgR, which in turn 

regulate the composition and activity of the microbiota.

• SIgA in the intestinal mucus layer helps to maintain spatial segregation between 

the microbiota and the epithelial surface without compromising the metabolic 

activity of the microbes.

• Maternal SIgA in breast milk provides protection to newborn mammals until the 

developing intestinal immune system begins to produce its own SIgA.

• Disruption of the SIgA-pIgR-microbial triad can increase the risk of infectious, 

allergic and inflammatory diseases of the intestine.
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Fig. 1. 
Transcytosis of SIgA through a polarized epithelial cell. A polarized columnar epithelial cell 

is illustrated, with the apical surface at the top and the basolateral surface at the bottom and 

sides, separated by tight junctions (TJ) with adjacent epithelial cells.Transcription of the 

PIGR gene is induced by host cytokines and microbial factors. Newly synthesized pIgR is 

targeted to the basolateral surface, where it binds polymeric Ig (pIg), illustrated here as 

dimeric (d)IgA, with or without bound antigen (Ag). Following receptor-mediated 

endocytosis, pIg-bound and unoccupied pIgR molecules are transported through a series of 

intracellular vesicles to the apical surface. Proteolytic cleavage of pIgR at the extracellular 

face of the plasma membrane releases free secretory component (SC) and secretory (S)Ig 

(illustrated here as SIgA).
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Fig. 2. 
SIgA is concentrated in the outer layer of intestinal mucus along with commensal bacteria. 

Goblet cells extruding newly synthesized mucus (M) are interspersed among columnar 

epithelial cells in the intestinal ling. Mucus proteins form a gel that adheres to the epithelial 

surface, comprising a dense inner layer rich in antimicrobial peptides and devoid of bacteria, 

and a loose outer layer rich in commensal bacteria. SIgA is concentratedin the outer mucus 

layer, where it coats the surface of resident bacteria.
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Fig. 3. 
Sources of SIgA in the intestine. Polymeric IgA is synthesized by local plasma cells in the 

lamina propria of lactating mammary glands, and transported across alveolar epithelial cells 

into milk by pIgR. The pIgR-derived SC moiety protects SIgA from degradation during 

transit through the GI tract of the suckling infant. Newborn mammals do not produce 

endogenous SIgA in the intestine, and are reliant on breast milk-derived SIgA for antibody-

mediated protection in the intestinal lumen. As the intestinal immune system develops after 

birth, SIgA can also be supplied by pIgR-mediated epithelial transcytosis of endogenously 

synthesized polymeric IgA. In mice, intestinal SIgA is derived exclusively from breast milk 

during the suckling period, and by endogenous transport after weaning. The pace of 

development of endogenous SIgA production is highly variable in human infants, and make 

take several years to achieve adult levels.
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Fig. 4. 
Regulation of PIGR gene transcription by cytokines and microbial factors. A mucosal 

epithelial cell expressing cytokine receptors and Toll-like receptors (TLRs) is shown. These 

receptors are depicted on one surface of the cell for purposes of illustration; however, it 

should not be implied that these receptors are localized preferentially to the apical and/or 

basolateral surface of a polarized epithelial cell. It should further be noted that epithelial 

cells express a wide range of cytokine and pattern recognition receptors in addition to those 

illustrated here.Ligation of cytokine receptors and TLRs results in translocation of activated 

transcription factors to the nucleus and de novo synthesis of additional transcription factors. 

The cytoplasmic adapter protein MyD88 transduces signals from cytokine receptors in the 

IL1R superfamily as well as many TLRs. The PIGR gene contains binding sites for 

members of the Interferon Regulatory Factor (IRF), Signal Transducer and Activator of 

Transcription (STAT) and Nuclear Factor-κB (NF-κB) families of transcription factors. The 

signaling pathways that regulate PIGR gene transcription are described in the text.
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Fig. 5. 
Reciprocal interactions between the commensal microbiota, SIgA and pIgR promote host-

microbial mutualism.
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Table 1

Evidence that intestinal SIgA promotes host-commensal mutualism.

Evidence References

Colonization of germ-free mice with commensal bacteria induces intestinal IgA
responses

[29-31]

Repeated oral administration of commensal bacteria to conventional mice induces
specific SIgA responses that prevent bacterial invasion intro draining lymph nodes

[33]

Treatment of humans with prebiotic oligosaccharides changes the composition of the
gut microbiota and increases fecal SIgA levels

[34]

Fecal bacteria in humans and mice are coated with SIgA [32,35,37]

IgA-deficient mice exhibit overgrowth of certain types of gut bacteria, which can be
reversed by restoration of IgA

[38]

Introduction of bacteria-specific IgA into antibody-deficient mice reduces host
inflammatory responses

[40]

Proteobacteria-specific IgA regulates maturation of the intestinal microbiota [32]

pIgR-deficient mice (which lack SIgA in the intestinal lumen) exhibit altered gut
microbiota and intestinal epithelial gene expression

[19,42]

SIgA protects the intestinal epithelium by associating with gut microbes in the outer
mucus layer

[48]
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