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Abstract: The human intestine is populated with an extremely dense and diverse bacterial 

community. Commensal bacteria act as an important antigenic stimulus producing the 

maturation of gut-associated lymphoid tissue (GALT). The production of immunoglobulin 

(Ig) A by B-cells in the GALT is one of the immune responses following intestinal 

colonization of bacteria. The switch of B-cells from IgM to IgA-producing cells in the 

Peyer’s patches and neighboring lamina propria proceeds by T-cell-dependent and  

T-cell-independent mechanisms. Several grams of secretory IgA (SIgA) are released into 

the intestine each day. SIgA serves as a first-line of defense in protecting the intestinal 

epithelium from enteric toxins and pathogenic microorganisms. SIgA has a capacity to 

directly quench bacterial virulence factors, influence the composition of the intestinal 

microbiota, and promote the transportation of antigens across the intestinal epithelium to 

GALT and down-regulate proinflammatory responses associated with the uptake of highly 

pathogenic bacteria and potentially allergenic antigens. This review summarizes the 

reciprocal interactions between intestinal B cells and bacteria, specifically, the formation of 

IgA in the gut, the role of intestinal IgA in the regulation of bacterial communities and the 

maintenance of intestinal homeostasis, and the effects of probiotics on IgA levels in the 

gastrointestinal tract. 
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1. Introduction 

The gastrointestinal tract is populated with an extremely dense bacterial community (~1014 bacterial 

cells and 500–1,000 species) [1]. The host and commensal bacteria have established a symbiotic 

relationship that contributes to the development of the immune system and maintenance of our normal 

physiology. The host serves as a protective and nutrient-rich environment for the bacteria; while 

commensals, in turn, provide metabolic advantages, including the ability to break down indigestible 

food components, and serve as a natural defense against colonization with pathogens. In addition, the 

complex interplay between the microbiota and the host helps to shape the immune system throughout 

life [2,3]. A continuous dialogue between intestinal immune cells and bacteria ensures a homeostatic 

immune state, which includes hypo-responsiveness to environmental antigens (dietary antigens and 

commensals) and aggressive responsiveness to pathogens [4]. 

Gut epithelium plays a critical role in the maintenance of intestinal homeostasis by recognition of 

commensal bacterial products through pattern recognition receptors (PRRs), such as toll-like receptors 

(TLRs). Intestinal epithelial cells secrete cytokines that reinforce the epithelial barrier and regulate the 

local immune response [5]. Furthermore, the interaction of commensal bacteria with specialized cells 

located in intestinal crypts, called Paneth cells [6], leads to the secretion of antimicrobial products, 

including defensins, angiogenins, regenerating islet-derived 3γ (RegIIIγ) lectins and trefoil factors. 

These factors enhance the epithelial barrier, protect a stem cell niche, enhance systemic responses to 

infection and regulate the composition of luminal bacteria [7–9]. 

Gut microbiota promotes the development of immune system, which includes the activation and 

differentiation of B-cells. Although B-cells affect gut homeostasis by several mechanisms [10,11], the 

most likely is via antibody production. Maintenance of the homeostatic equilibrium between the 

intestinal microbiota and the plethora of luminal macromolecules and the human intestinal epithelial 

cell barrier requires the secretion of copious amounts of mucosal IgA into the gut lumen [12]. In 

humans, 40–60 mg/kg/day of IgA are produced daily by plasma cells located in the lamina propria 

(LP) of intestinal villi [13,14]. The IgA is transported across the epithelium and secreted into the gut 

lumen, where it is thought to provide protection against pathogens by multiple biological properties, 

which include blocking toxins and pathogens from adhering to the intestinal epithelium at the earliest 

steps of the infection process [15–17], and from directly recognizing receptor-binding domains to 

block bacterial attachment to intestinal epithelial cells [16,18]. Additionally, IgA mediates immune 

exclusion of pathogens and toxins, including a series of events of agglutination, entrapment and 

clearance [19–21]. Failure to generate and transport IgA into the lumen results in potentially 

pathogenic imbalance, leading to penetration of luminal antigens into the systemic compartment. 

This review intends to summarize the reciprocal interactions between gut B-cells and intestinal 

bacteria and the role of IgA in the maintenance of intestinal homeostasis. 
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2. Differentiation of B-Cells and Generation of IgA Induced by Gut Microbiota 

The process of intestinal colonization starts at birth, when neonates are exposed to microorganisms 

from the maternal birth canal and the external environment. Bacterial colonization of the gut is a 

trigger for the induction of IgA production by B-cells. This process is characterized by class switching 

of B-cells from IgM to IgA production [22]. The early recognition of bacteria and the subsequent 

modulation of B-cell responses is an important process that promotes normal mucosal homeostasis. 

2.1. Evidence of the Participation of Enteric Bacteria in the Differentiation and Activation of B-Cells 

in Animals and Humans 

Studies of various animal models of impaired microbial control, including germ-free (GF), 

antibiotic-treated, restricted flora (RF) and activation-induced cytidine deaminase knockout (AID−/−) 

mice, have demonstrated that bacteria of the gastrointestinal tract participate in the differentiation and 

activation of B-cells. In GF animals, there are reduced numbers of lamina propria lymphocytes and 

IgA-producing plasma cells, as well as reduced systemic levels of serum immunoglobulin. Secondary 

lymphatic organs, such as the spleen and lymph nodes, are also underdeveloped [23,24]. In the 

presence of commensal bacteria, large quantities of IgA are secreted across the intestinal mucosa, 

accounting for >70% of total-body immunoglobulin production [25]. Because most of the antibodies in 

the gut are directed against resident microbiota, IgA deficiency can lead to a general overgrowth of 

microbes. This phenomenon has been demonstrated in B-lymphocyte knockout mice (BcKO) [26]. 

AID−/− mice lack the ability to switch from IgM- to IgA-producing B-cells, which similarly results in a 

large increase in the number of non-pathogenic, anaerobic bacteria residing throughout the small 

intestine, as well as a generalized hyperplasia of intestinal lymphoid follicles [27]. 

RF mice demonstrated a marked deficiency of innate-like B-cell subsets. However, the transfer of 

specific pathogen-free (SPF) luminal bacteria into RF pups immediately after birth led to significant 

expansion of the innate-like B-cell compartments. In contrast to RF mice, SPF mice harbor a wide 

variety of commensal microorganisms in their flora. SPF-exposed active IgA-producing intestinal  

B-cells were successfully restored in RF offspring, and these populations persisted into adulthood. 

Moreover, If RF females and males were treated with the antibiotic vancomycin and, subsequently, 

bred with an SPF male and female under SPF husbandry conditions, full restoration of functional  

B-cells was achieved in all offspring. Using a conventional bacterial culture and molecular 

phylotyping, innate-like B-cell restoration correlated with a shift from RF to SPF enteric microbiota. It 

was noted that post-weaning exposure to SPF microbiota resulted in no restoration of B-cells. These 

results suggested that a restricted population of gut microbiota adversely affects the development of  

B-cells and lead to the postulation of an early window of exposure to specific resident bacteria, which 

is crucial for the formation of B-cells [28]. 

The gut microbiota also has an impact on B-cell maturation in humans [29,30]. It has been shown 

that Pakistani infants living in impoverished areas have an accelerated maturation of the salivary IgA 

system compared with healthy Swedish infants [31]. In Swedish infants, the gut microbiota takes 

longer to establish and is characterized by a lower diversity than infants in developing countries [32–34]. 

A recent prospective newborn/infant cohort study examined, in 65 Swedish children, the correlation 
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between B- or memory B-cells in blood and fecal bacteria at 1–8 weeks of life. The results suggested 

that the intestinal bacterial colonization pattern shaped B-cell maturation. The acquisition of specific 

early gut microbiota, especially E. coli and Bifidobacteria, promotes this maturation [29]. 

Human IgA deficiency is commonly associated with a maturation defect in B-cells. IgA-deficient 

patients are generally asymptomatic, but exhibit a tendency to develop gastrointestinal disorders,  

e.g., celiac disease (CD) and inflammatory bowel disease (IBD), as well as allergies and mucosal 

infections [35–37]. 

2.2. Generation of IgA-Producing B-Cells in the Gut-Associated Lymphoid Tissues 

A prominent response of the immune system that follows microbial colonization of the gut is the 

generation of IgA-producing B-cells present in the gut-associated lymphoid tissues (GALT) [4]. 

GALTs include organized lymphoid structure present in the wall of the small and large intestine-

Peyer’s patches (PPs) and isolated lymphoid follicles (ILFs), and diffuse lymphoid tissue of the 

epithelium and the lamina propria (LP) [38,39]. 

2.2.1. Generation of IgA-Producing B-Cells in Peyer’s Patches 

Peyer’s patches (PPs) are large structures built on a stromal cell (SC) scaffold, composed of several 

B-cell follicles separated by areas containing T-cells and dendritic cells (DCs). They are visible 

endoscopically, presenting in the colon and terminal ileum of normal humans. Formation of PPs 

requires multiple interactions between hematopoietic cells and SCs, in a precise time-window during 

embryogenesis [39,40]. Many of the PP lymphocytes reside in germinal centers (GCs). GCs are special 

microenvironments that allow interactions between B-cells, follicular dendritic cells (FDCs) and 

follicular helper T-cells (TFH) [41]. The development of GCs is dependent on the presence of gut 

bacteria and helper T-cells. In conventionally reared mice with a complex gut microflora, GCs are 

present in PPs and in the mesenteric lymph nodes (MLNs), and the majority of the IgA-producing  

B-cells are generated in this environment [42]. However, GCs diminish with time in the PPs of  

germ-free mice that are colonized with a single defined microorganism [43]. In PPs, most of the GC  

B-cells are activated cells, expressing activation-induced cytiding deaminase (AID). AID is critical for 

class switch recombination (CSR) and somatic hypermutation (SHM) [44], which preferentially 

switches cells from IgM to IgA production. However, the cellular and molecular mechanism 

responsible for the predominance of IgA production is still unclear. 

Studies indicate that PP DCs critically contribute to creating a special gut micro-environment. The 

unique function of DCs in PPs might be related to their location in the sub-epithelial dome (SED), 

where they directly access luminal bacteria. The epithelium that covers PPs contains M-cells, special 

cells that are considered to be the major site of antigen entry to the mucosa. Lamina propria DCs 

actively sample the small numbers of bacteria that are present at the apical surfaces of epithelial cells 

by extending their dendrites between the epithelial cells. The arms of DC extending between the 

intestinal epithelial cells reach the lumen, at which site “balloon bodies” pointing into the lumen are 

shown to engulf bacteria [45]. The bacteria-laden DCs migrate to PPs and MLNs to direct CSR to IgA, 

where they induce B-cells to differentiate into IgA-producing plasma cells. IgA-producing plasma cells 

are homing in the lamina propria and secrete dimeric IgA that is transcytosed across the epithelial cell 
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layer, providing a defense against harmful gut microbiota, e.g., limiting bacterial association with the 

epithelium and preventing bacterial penetration of host tissue [46]. Commensal bacteria can normally 

persist in Peyer’s patch DCs in low quantities and contribute to the induction of local specific immune 

responses that limit dissemination beyond the MLNs, ultimately preventing systemic spread. The 

results of locally controlled IgA production are to create a simple feedback loop where DCs and 

epithelial cells drive IgA production until sufficient levels of IgA block microbial invasion [25]. 

T-cells in PPs are conditioned by gut DCs to produce cytokines, such as the transforming growth 

factor (TGF)-β, which, together with interleukin (IL)-6 and IL-10 produced by DCs, facilitate the 

preferential CSR of B-cells from IgM to IgA [25,47]. Fan et al. showed that B-cell stimulation leads to 

activation of the signal transducer and activator of transcription 3 (STAT3), which depends on the 

combined effects of IL-6 and IL-10 [48]. IL-10 mediates the differentiation of germinal center B-cells 

into memory and plasma cells by inducing Janus kinase (JAK) proteins via the phosphorylation of 

STAT3 [49]. In addition, IL-10 by itself can also lead to significant AID transcription to facilitate IgA 

production [50]. Follicular helper T (TFH) cells also express high levels of molecules critically 

associated with helper functions, such as CD40L, inducible T-cell co-stimulator (ICOS) and IL21 [41]. 

Thus, activation of B-cells and class switching to IgA within the PP requires bacterial antigens and 

conventional B-T cell interactions. Alternatively, B cells can be activated in the absence of cognate  

B-T interactions, through TLR engagement by activated DCs. This might represent an evolutionarily 

primitive system for Ig production in which B-cells express AID upon stimulation through TLRs and 

undergo CSR to IgA-producing B-cells in the gut environment [51] (Figure 1, the left side). 

2.2.2. Generation of IgA-Producing B-Cells in Isolated Lymphoid Follicles (ILFs) and IgA-Producing 

Plasma Cells in the Lamina Propria (LP) 

Isolated lymphoid follicles develop only after birth, from small structures called crypto patches 

(CPs). ILFs are composed of a single discrete cluster of B-cells built around stromal cells, surrounded 

by a large number of DCs and a few T-cells interspersed between the B-cells [38,52]. The 

development of ILFs requires stimulation by commensal intestinal bacteria. The size and cellular 

composition of ILFs are highly variable and dependent on the bacterial load in the intestine. 

Hyperplasia of ILFs correlates with the expansion of anaerobic bacteria in the small intestine of mice 

that lack IgA. In addition to the presence of bacteria, formation of ILF depends on the presence of 

lymphoid tissue inducer (LTi) helper T-cells, which play a critical role in the development of lymphoid 

tissue. RORγt+ LTi cells interact with SCs through the LTα1β2-LTβR axis [53] to produce matrix 

metalloproteinase (MMPs), subsequently activate TGFβ and facilitate the preferential CSR of B-cells 

to IgA. Mice that have impaired signaling downstream of the LTβR, such as RORγt−/−, LTα−/−, LTβ−/− 

and LTβR−/− mice, do not develop ILFs [53,54]. 

Similar to PPs, the epithelium that covers mature ILFs contains M-cells capable of taking up 

pathogens. Unlike the T-cell-dependent processes in the follicles of PPs, B-cell activation, induction of 

AID and generation of precursors for IgA plasma cells within ILFs are processes that do not require 

the help of T-cells. It is unique that IgA can be synthesized in the intestinal ILFs in the absence of  

T-cells and GCs [55]. Accumulating evidence indicates that ILF DCs alone appear to be sufficient for 

activation of B-cells [53]. Gut macrophage (Ф)-DCs, upon activation by intestinal bacteria, express 
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many factors (e.g., tumor necrosis factor (TNFα) and inducible nitric oxide synthase (iNOS)) that are 

required for IgA production [56]. This feature distinguishes gastrointestinal Ф-DCs from the DCs in 

spleen and lymph nodes. In addition, gut Ф-DCs secrete the B-cell activating factor of the TNF family 

(BAFF) and a proliferation-inducing ligand (APRIL). These factors are known to enhance CSR to IgA 

independent of T-cell help [57] by interacting with the BAFF receptor (BAFF-R), B-cell maturation 

antigen (BCMA) and transmembrane activator, calcium-modulating and cyclophilin ligand interactor 

(TACI) expressed on IgM B-cells [58]. IgA-producing B-cells generated within ILFs then undergo 

differentiation to IgA plasma cells in the LP (Figure 1, the right side). 

Figure 1. Production of IgA in the intestine. The generation of IgA+ B-cells in the GCs of 

PPs is mainly T-cell dependent. Conventional B-T interactions through MHCII-TCR and 

CD40-CD40L induce AID in B-cells with subsequent class-switch recombination (CSR). 

The generation of IgA+ B-cells within ILFs and LP is T-cell independent. The interactions 

between BAFF/APRIL produced by activated DCs and their receptors on B-cells induce  

B-cell IgA class-switching and differentiation. 

 

The LP is also a site where T-independent IgA responses are triggered by intestinal bacteria. Recent 

studies by using in situ staining of AID and AID reporter mice demonstrated that B-cells in the gut LP 

are activated AID-expressing cells which are undergoing CSR to IgA [57,59]. In humans, it was 

demonstrated that the interaction between bacteria, epithelial cells and DCs induces T-independent and  

CD40-independent CSR of LP B-cells through BAFF and APRIL produced by bacterial activated DCs 

and plasmacytoid DCs (pDCs) [57,60]. Intestinal epithelial cells also produce BAFF, APRIL, IL6 and 

CXC-chemokine ligand 12 (CXCL 12) upon stimulation by bacteria through TLRs. In addition, 

activated gut epithelium secretes thymic stromal lymphopoietin (TSLP) to enhance the expression of 
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APRIL and IL-10 by TNF-α and iNOS-producing DC. The resulting cytokine milieu might augment 

CSR [56,57] and create a survival niche for plasma cells in the intestinal LP [61]. Recent evidence 

indicated that mouse IgA-producing plasma cells also produce the antimicrobial mediators, TNFα and 

iNOS. Deletion of TNFα and iNOS in B-lineage cells resulted in a reduction in IgA production, altered 

diversification of the gut microbiota and poor clearance of a gut-tropic pathogen [62]. 

Finally, IgA-producing B-cells formed in PPs could represent cells that are homing to effector sites, 

such as LP. IgA-producing B-cells migrate from PPs to the draining MLNs and from there to the 

thoracic duct lymph and blood, to the LP of the gut. The final egress process from bloodstream to 

intestinal mucosa involves a α4β7 integrin, expressed by lymphocytes, and mucosal addressin cell 

adhesion molecule 1 (MADCAM-1), expressed by endothelial venules [63]. The preferential  

gut-homing of IgA-producing B-cells, but not IgM- or IgG-producing B-cells, can be explained by a 

response of the IgA-synthesizing B-cells to thymus-expressed chemokine (TECK; also called CCL25), 

which expressed within the small intestine, especially in epithelial crypts [64]. Further migration into 

the LP of the villi might depend on CXCL12 expressed in the gut [64]. 

3. Control of Gut Microbiota by Intestinal IgA 

It has been shown that natural and specific IgA antibodies in breast milk are capable of binding 

commensal bacteria and may be involved in the progressive, controlled establishment of the newborn’s 

microbiota [65,66]. “Classical” IgA generated from T-cell-dependent processes with high affinity is 

essential to provide protection from more invasive commensal species, such as segmented filamentous 

bacteria (SFB) and from true pathogens, such as Salmonella typhimurium. “Innate” IgA produced 

from T-independent processes with low affinity is sufficient to protect the host from excess mucosal 

immune activation induced by harmless commensal microbes [67]. A substantial fraction of the 

commensal bacteria is “coated” with IgA. This IgA can be identified as commensal-bound IgA 

detected by flow cytometry (high affinity) from T-dependent processes and commensal-reactive IgA 

detected by Western blot or ELISA (much lower affinity) from T-independent processes [67]. 

Classical IgA and innate IgA are thought to combine to build up the overall IgA repertoire in  

the intestine [61]. 

3.1. Limited Access of Bacteria in the Intestinal Lumen to Intestinal Tissues Mediated by IgA 

Secretory IgA (SIgA) provides a defense against harmful gut microbiota by limiting bacterial 

association with the epithelium and preventing bacterial penetration of host tissue [46], which has been 

shown in the neonatal intestinal epithelium. Interestingly, this process did not require diversification of 

the natural antibody repertoire; for example, the nitrophenol-specific IgA produced in young  

quasi-monoclonal mice (engineered and almost monoclonal mice) was sufficient to limit the 

penetration of commensal Enterobacter cloacae [68]. Similarly, in adult mice, the presence of SIgA 

limits the translocation of aerobic bacteria from the intestinal lumen to the MLNs [25]. 

SIgA protects the intestinal epithelium against colonization and/or invasion by binding antigens on 

pathogens or commensals in the luminal mucous layer. The microorganism is surrounded by a 

hydrophilic shell and is repelled by the epithelial glycocalyx, thus providing immune exclusion of 

bacteria [13]. Immune exclusion not only protects the epithelium from invading pathogens, it is also 
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important in maintaining gut homeostasis by preventing overgrowth of the enteric microflora 

[4,59,69]. Furthermore, IgA can protect against intracellular pathogens by binding and neutralizing 

viral or bacterial components during transcytosis of the epithelium. The immune complexes are then 

secreted apically, and invasion is inhibited [70]. 

3.2. Regulation of Bacterial Communities in the Gut Lumen by Secretory IgA 

The AID-deficient mouse model demonstrated that SIgA is critical for regulating bacterial 

communities in the gut lumen. The absence of IgA in the lumen of AID−/− mice leads to an excessive 

anaerobic expansion in all segments of the small intestine [27]. Among the expanded anaerobes, 

segmented filamentous bacteria (SFB) are predominant, and they strongly stimulate the generation of 

gut IgA in germ-free mice. Most of the induced IgA is not specific to the SFB [71]. 

Recent studies indicated that SIgA promotes the establishment of host-microbial relationships by 

modulating bacterial epitopes and modifying bacterial metabolism, as demonstrated by down-

regulation of bacterial genes involved in the metabolism of oxidative products [69]. Peterson et al. [69] 

used a germ-free mouse model to directly examine the impact of IgA on host-commensal interactions. 

They first established hybridoma cells producing IgA monoclonal antibody against the capsular 

polysaccharide (CPS4) of Bacteroides thetaiotaomicron (B.t.). Rag−/− mice, which lack mature B- and 

T-cells were made to harbor IgA-producing hybridoma cells; they were subsequently challenged with 

B.t, and the host’s response was analyzed. The authors found that B.t. elicited a robust oxidative stress 

response from the host in the absence of IgA. The presence of B.t.-specific IgA antibodies suppressed 

this response; thereby underscoring IgA’s potential to dampen injurious host responses to commensal 

microbiota. Interestingly, the specific anti-CPS4 IgA response induced an expression by bacteria of 

another capsular locus (CPS5). It is thus possible that the adaptive immune system through IgA 

maintains a dialog with gut microbiota by generating a selective response to bacteria that stimulate the 

immune system. Therefore, the adaptive immune system apparently drives diversification of bacterial 

surface structures by exposing the bacteria in the lumen to IgA [69]. 

Hapfelmeier et al. reported several important features of IgA responses by using a “reversible” 

germ-free mouse model. First, the intestinal-specific IgA response provoked by commensal bacteria 

requires a large dose of live bacteria for IgA production (109 bacteria). Furthermore, the response is 

characterized by a slow onset (≥14 days), a long half-life (>16 weeks) and an adaptability to the 

predominant commensal species in the intestinal lumen at a particular time [72]. The introduction of 

specific bacterial species and the associated generation of bacteria-specific IgA could serve to adjust a 

dynamic intestinal IgA repertoire to gradually changing microbiota composition. 

3.3. IgA-Based Immune Complexes As Regulators of Intestinal Homeostasis 

The interaction between the commensal microbiota and IgA is highly complex. Studies have 

indicated that between 25%–75% of the microbiota are interacted with IgA [73,74], attached as a 

dimer with bound secretory component (SC) in a Fab-specific or in a Fab-independent manner [75]. 

Proposed mechanisms of protection of SIgA-reactive bacteria and SIgA-based immune complexes in 

the intestinal mucosa have been demonstrated in Figure 2. IgA-reactive commensal bacteria enhances 

barrier function through multiple mechanisms, including reinforcement of tight junctions [76] and 
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overproduction of the polymeric immunoglobulin receptor (pIgR) [77], which helps to maintain 

mucosal barrier integrity and intestinal homeostasis by transporting polymeric IgA antibodies across 

intestinal epithelial cells into gut secretions. Proteolytic cleavage of pIgR at the apical surface of 

intestinal epithelial cells releases the extracellular domain of pIgR, known as the secretory component 

(SC), either in free form or as part of the SIgA complex. The SC enhances innate defense mechanisms 

by the prevention of bacterial adherence to the intestinal mucous layer and neutralization of potential 

proinflammatory factors [78] (Figure 2e). The IgA-based immune complex can also bind the human 

myeloid IgA Fc receptor Fc αRI (CD89), constitutively expressed on immune cells, such as 

neutrophils, interstitial dendritic cells, monocytes and some macrophages [12]. Receptor binding can 

initiate antimicrobial activity (including antibody-dependent cell-mediated cytotoxicity, phagocytosis 

and generation of bactericidal superoxides) [79]. Most importantly, IgA may play an important role in 

controlling the sampling of commensal bacteria, which specifically targets them to pass across Peyer’s 

patch M-cells. Indeed, IgA-based immune complexes with commensal bacteria are taken up by M-

cells, wherein they activate underlying tolerogenic myeloid DCs, resulting in the down-regulation of 

local proinflammatory responses [80,81] (Figure 2f). The process was demonstrated by a direct 

visualization of a fluorescently-labeled commensal bacterium administered in the form of an IgA-

based complex into the intestine of mice [82]. The interaction of SIgA with DCs is dependent on the 

IgA moiety. SIgA is internalized into DCs, whereas the association with CD4+ T-cells is limited to cell 

surface. The surface interaction of SIgA with CD4+ T-helper cells might down-regulate T-cell 

activation by which decrease the production of inflammatory mediators (Figure 2g) [83]. 

Another role of SIgA in maintaining bacterial homeostasis is its contribution to microbial biofilm 

formation (Figure 2h). A biofilm is defined as a community of microorganisms attached to a living 

surface by a self-produced polymeric matrix. Biofilms have been shown to protect encased bacteria 

from natural immune defenses, such as antimicrobial compounds, due to the inability of these 

compounds to penetrate the complex biofilm architecture [84]. IgA may have a role in excluding 

pathogenic bacteria from the epithelial surface by trapping them within the biofilm or anchoring them 

within the mucus. On the other hand, the biofilm containing IgA and non-pathogenic bacteria may 

benefit colonization on the mucosal surface and ensure a steady-state growth rate of commensal 

microbiota in the intestinal lumen [85]. Bollinger et al. have shown the formation of biofilms 

containing IgA and non-pathogenic E. coli on epithelial cell monolayers grown in vitro [86,87]. The 

association of IgA with biofilm formation in the gut has been demonstrated using sections from animal 

and human tissues [88]. Bacteria that bind IgA may have a selective advantage in the gut biofilm [89]; 

for example, studies have indicated that SIgA possesses a broad reactivity with type 1 fimbriae 

specifically expressed on certain E. coli bacteria. The absence of SIgA, as seen in patients with IgA 

deficiency, might therefore alter the ability of type-1-fimbriated E. coli to colonize the large intestines 

of these individuals. The potential role of biofilms in the complex bacteria-bacteria or bacteria-host 

interactions that take place in the gut remains largely unexplored. 
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Figure 2. Proposed mechanisms of the protection of SIgA-coated bacteria and SIgA-based 

immune complexes in the intestinal mucosa A. Inflammatory immune responses: 

pathogens trigger inflammation by activating TLR signals (a), disrupting the intestinal 

barrier (b), and activating T-cells by pathogens (c) and by fully mature dendritic cells 

(DCs) (d). B. Homeostatic-type immune responses: Non-pathogenic bacteria coated by 

SIgA down-regulate local inflammation by reinforcing the barrier function (e), inducing 

regulatory T cells (f), directly interacting with T-helper cells (g), and biofilm formation (h). 

The combination of these events contributes to the maintenance of homeostasis. 

 

4. The Effect of Probiotics on Intestinal IgA Levels 

Probiotics are live, microbial food ingredients that are considered to be beneficial to health. 

Bacterial strains with the most convincing evidence of beneficial properties belong to the genera 

Bifidobacterium and Lactobacillus. Probiotics have been demonstrated to be effective in reducing the 

incidence and severity of necrotizing enterocolitis in animal models [90] and babies [91], reducing the 

severity of acute diarrhea in children [92] and reducing recurrences of Clostridium difficile colitis in 

adults [93]. The beneficial effects of probiotics can be achieved through a variety of mechanisms. 

Probiotics can help fortify the gut’s barrier function [94] and modulate immune responses in the 

intestine, including promoting tolerogenic DC [95] and regulatory T-cell (Treg) [96] phenotypes, 

inhibiting inflammatory cytokine production [90,97] and enhancing natural killer cell activity [98]. 

Probiotics also stimulate systemic and mucosal IgA production in humans [99,100]. Clinical studies of 

both preterm infants treated with antibiotics and normal full-term infants have shown that 

supplementation with the probiotic, Bifidobacterium lactis, augments the IgA level in stools [101,102]. 
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In animal models, probiotics have been shown to augment total and pathogen-specific IgA levels 

upon infection. Mice given L. casei displayed significantly increased IgA-producing cells in the LP of 

small intestine. Specific antibodies against L. casei were not produced, indicating the non-

responsiveness of the gut immune system to the beneficial bacterium [103]. Pretreatment of mice with 

Bifidobacterium species (B. bifidum and B. infantis) also significantly reduced illness after challenge 

with rotavirus, while gut mucosal pathogen-specific IgA antibody titers were increased in animals 

given probiotic pretreatment [104,105]. In infant rabbits pretreated with L. casei, the morbidity 

resulting from enterohemorrhagic E. coli (EHEC) infection was reduced, attributed to increased 

mucosal levels of anti-EHEC and anti-Shiga toxin IgA antibodies compared with controls [106]. In 

gnotobiotic pigs, a probiotic combination of L. acidophilus strain NCFMTM and L. reuteri strain ATCC 

23272 given prior to rotavirus infection significantly enhanced the responses of intestinal IgA secreting 

cells and total serum IgM and intestinal IgM and IgG titers [107]. However, not all probiotics are 

equivalent in terms of their effects on IgA production. A combination of L. rhamnosus and B. lactis 

did not increase IgA levels in rats [108]. Therefore, probiotics may modulate immune responses, 

leading to tolerance or IgA activation, but their impact appears to be highly dependent on the probiotic 

species and strain and on the animal model studied. 

5. Summary 

Intestinal microbiota drives the development of intestinal B-cell-derived, IgA-producing plasma 

cells residing in the lamina propria of intestine. There is a crucial window early in development when 

an as yet undefined small intestinal and colonic microbiota is essential for the B-cell system to 

develop. Secretory IgA reacts with the commensal organisms in the lumen of the intestine. These  

IgA-reactive commensals allow a controlled proliferation of resident luminal microorganisms, which, 

in turn, actually stimulate the host’s vigorous immune response to the occasional pathogenic invader. 

Probiotics have an enhancing effect on this protective mechanism. Even though recent findings 

revealed new complexities in the mechanisms and functions of IgA in the gut, more studies are still 

required to understand host-bacterial relationships in the gut. We still know very little about the 

composition of bacterial communities in the intestine, how these communities adapt to different 

environmental conditions in distinct segments of the intestine, their impact on host physiology and 

how the IgA diversity and quality impact on the composition of commensal bacteria. All these 

questions need to be addressed in order to fully understand the development and function of the 

immune system, to manipulate the system and reinforce its fitness and to develop novel approaches for 

the prevention and treatment of inflammatory bowel diseases.  
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