
Secretory IgA
Subjects: Immunology | Gastroenterology & Hepatology

Contributor: Marcin Schmidt

Secretory IgA (SIgA) is the dominant antibody class in mucosal secretions, it is also present in saliva and breast milk. The

majority of plasma cells producing SIgA are located within mucosal membranes lining the intestines, airway and

reproductive tracts, as well as mammary gland. SIgA protects against the adhesion of pathogens and their penetration

into the mucosal barriers. Moreover, SIgA regulates microbiota composition at mucosa sites and provides local

homeostasis.
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1. Introduction 

Immunoglobulin (Ig) is a protein composed of two identical heavy (H) and light (L) chains connected via disulfide bonds.

Both chains are composed of variable (V) domains and constant (C) domains. Functionally, Ig is divided into the antigen-

binding fragment (Fab) region (paired V -domains responsible for specific epitope binding with C  and C 1 domains)

connected through a hinge region to the crystallizable region fragment (Fc, made with remaining C  domains). Differences

between Fc constant domains enable an immunoglobulin classification to five isotypes: IgG, IgA, IgM, IgE and IgD 

Immunoglobulin A (IgA) is present in all mammals and birds. It is found in large amounts in the mucosal secretions of

gastrointestinal tract and in other secretions, including saliva and breast milk . However, IgA is also present in serum

at lower concentration (about 2–3 mg per mL) . In humans, daily IgA production is higher than any other

immunoglobulin isotype (up to ~60 mg per kg of body weight) .

Monomeric IgA is present in serum, whereas in mucosal secretions is found secretory IgA (SIgA). It is different from the

structure of IgA present in the serum because SIgA (Fig. 1) generally occurs in a polymeric form stabilized by joining chain

(J chain), in particular in dimeric or tetrameric setup. Additionally, SIgA contains a secretory component (SC) derived from

polymeric Ig receptor (pIgR) utilized for transcytosis through epithelial cells during secretion . In humans, there are two

subclasses of IgA: IgA1 and IgA2 . In serum subclass IgA1 dominates, whereas in mucosal secretions the proportion

between IgA1 and IgA2 depends on the site of production, e.g., up to: 60% IgA1 in saliva, 90% IgA1 in nasal and 60%

IgA2 in intestinal secretions . In the human colostrum approximately 48% of immunoglobulins correspond to IgA2 and

40% to the IgA1 subclass  that confers an adaptation to protect against potentially harmful pathogens, and which is also

a way to regulate the colonization of the microbiota in newborns.
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Figure 1. Structure of dimeric SIgA.

Mucosal membranes lining gastrointestinal, respiratory and genitourinary tracts are exposed to permanent contact with a

vast variety of microorganisms. The gastrointestinal tract (GIT) is colonized by numerous and diverse microbial

communities, up to ~10  microbial cells per gram of colonic content represented by ~500–1000 bacterial species,

archaea and fungi . To prevent the invasion of pathogenic microbes and to regulate interactions between host and

bacteria, the mucosal immune system is stimulated to produce SIgA .

2. Synthesis of SIgA in the Intestines

The synthesis of serum IgA generally occurs in the bone marrow, where the immunoglobulin is produced as a monomer.

There are also other places of monomeric IgA production by plasma cells (PCs), e.g., spleen, lymph nodes, peripheral

blood or even intestinal lamina propria (LP), however in much lower proportion compared to the production of polymeric

IgA .

The SIgA is secreted mainly by PCs located within mucosal membranes lining the GIT, and in much lower extent,

respiratory and genitourinary tracts . Newborn humans and germ-free (GF) mice have few or no IgA-producing plasma

cells (IgA  PCs) in the LP. Bacterial colonization induces IgA  PCs generation, and produced IgA includes specificity for

the luminal microbiota . The vast majority of IgA  PCs are present (~80%) in LP of intestinal villi . Studies showed that

the small intestinal LP contains up to 15-fold more IgA  PCs than the colonic LP . Abundant production of SIgA in the

intestines is one of the mechanisms that gut-associated lymphoid tissue (GALT) runs in response to constant contact of

gut mucosal membranes with a large number of diverse microorganisms, mainly bacteria and other food-derived antigens

. GALT contains various lymphoid structures (germinal centers, GCs) localized within mucosal surfaces of the intestines,

such as highly structured Peyer's patches (PPs) or isolated lymphoid follicles (ILFs), which are places of SIgA origin 

. Of note, these lymphoid structures are predominantly associated with the small intestine . Colonic GALT contains

less GCs than small intestinal GALT. Interestingly, the increase in the GCs presence in colonic GALT is associated with

colon tumors .

The IgA  PCs can be created through T cell-dependent (TD, adaptive response) and -independent (TI, innate response)

mechanisms in mice and humans . However, a variety of immune and non-immune cells are indispensable in the

process of IgA  PCs generation. In humans, B2 cells, which are bone marrow-derived population of B cells, undergo

differentiation to IgA  PCs. Of note, in mice, IgA  PCs originate from two B cell populations, i.e., primitive B1 and B2 cells,

whereas in humans, there has not been found any direct equivalent to B1 cells so far .

3. Functions of SIgA in Gut Mucosal Secretions

SIgA is produced in response to microbial- and food-derived antigens and plays different roles in intestinal mucosal

secretions (Table 1). It acts as the first line of defense against pathogens and facilitates mucus surface colonization by

commensal microbiota and regulates immune homeostasis .
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Table 1. The primary functions of SIgA in gut mucosal secretions.

Function Mechanism Reference

Immune exclusion Retention of bacteria in the intestinal lumen.

Niche occupancy Binding bacteria to mucus.

Immobilization Impairing mobility by targeting flagella, cell agglutination.

Modulation of bacterial

gene expression

and metabolism

Targeting bacterial surface end extracellular proteins.

Neutralization Targeting adhesins and toxins.

Antigen uptake Facilitated transcytosis.

 

Two mechanisms of SIgA binding to antigens are possible: canonical and non-canonical. Canonical (Fab-dependent) SIgA

binding to its antigens occurs via the complementarity-determining regions (CDRs), whereas non-canonical via glycan

moieties of this molecule. The process of IgA  B cell SHM causes alterations in CDR sequence and structure and leads to

the generation of affinity-matured IgA . SHM occurs mainly during T cell-dependent, but also during T cell-independent

IgA  B cell maturation . Secreted forms of IgA, but also J chain, and SC are heavily glycosylated. O-glycans located

between Cα1 and Cα2 domains of SIgA heavy chain are involved in bacteria binding. The sugar moieties also protect the

hinge from bacterial protease digestion. The wide range of N-linked glycans on SC target bacterial adhesins as well, and

anchor SIgA to the mucosal lining of the epithelium entrapping microorganisms .

Pathogenic strains and toxins are predominantly neutralized by high-affinity SIgA produced through TD mechanism,

whereas gut commensal microbiota is coated with low-affinity IgA produced through TI mechanism . However, there are

some exceptions to this rule. For instance, Bunker et al. (2015) observed that some commensal bacteria, such as

segmented filamentous bacteria (SFB, Candidatus Arthromitus) and Mucispirillum sp. elicited IgA responses in TD

manner .

According to studies, SIgA exhibits cross-species reactivity. It means that SIgA has the ability to bind to various but

specified species of microorganisms . In studies conducted on intestinal IgA plasmablasts isolated from patients with

ascending colon cancer, Benckert et al. (2011) observed that about half of IgA clones do not react with a panel of

commensal and pathogenic microbial strains, third of the clones were cross-species reactive, fifth were self-reactive and

the small fraction of clones reacted with single target of prepared panel of microbial strains . However, this ability of

SIgA to bind to multiple microbial species might result from its polyreactivity. Highly glycosylated molecules of SIgA can

interact with glycans exposed by intestinal bacteria, such as O-antigens, polysaccharide capsules, and teichoic acids .

Although the structure of many bacterial surface glycans is unknown, it was observed that almost identical glycan motifs

are present on commensal Escherichia coli and pathogenic Haemophilus influenzae. This result suggests that cross-

species binding of SIgA might rely on recognition of similar surface glycans present on even unrelated species .

4. Conclusions

SIgA plays a crucial role in the mucosal surfaces lining the GIT. A large number of studies have shown that SIgA is

involved in maintaining intestinal homeostasis by neutralization of pathogenic microorganisms and toxins, downregulation

of inflammatory responses, regulation of gut microbiota composition and protection from improper immune responses to

antigens from microbes and food . Despite the fact that there are various studies on mice and humans, some

mechanisms, which regulate such SIgA functions, are still unknown. SIgA plays an important role in shaping the gut

microbiota structure during newborn colonization that may be crucial for proper systemic immune response development.

Research of Baldassarre et al. (2016) showed the possibility of intervention to modulate colonization and microbiota
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development in neonatal gut by probiotic administration to women during pregnancy and breastfeeding changing the

cytokine pattern in milk that enhanced the production of SIgA in neonates . Dysbiosis (e.g., antibiotic induced) at an

early ontogenetic stage may be responsible for susceptibility to non-infectious diseases due to shaping aberrant gut-

immune axis signaling. Wider studies, which could shed light on these processes are needed. The SIgA plays a key role

in host–microbe interaction and the mechanism underlying the selective recognition of gut microbiota will allow

understanding of many gastrointestinal and also systemic diseases. The microbiota regulation of B cell activity may also

shed a new light on the complex regulatory mechanisms of anti-tumor responses. Several studies have revealed the

different roles of two specific B cell subpopulations. The IgG  B cells play an antitumor role via IgG-mediated antigen-

presentation by DCs and activation of antitumor T cell responses, whereas the IgA  B cell subpopulation is

immunosuppressive because it induces multiple tumor-promotion mechanisms .
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