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Abstract

Immunoglobulin A (IgA) plays a pivotal role in mucosal immunity, defending against pathogens at mucosal surfaces
while maintaining commensal microbial communities. Recent advances have unveiled the complex mechanisms
underlying IgA’s production, regulation, and function. This review synthesizes current knowledge, focusing on IgA's
diverse roles in mucosal immunity, its regulation by microbiota and immune cells, and its implications for health and

disease.
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Introduction

Mucosal surfaces serve as the frontline defense against a myriad
of pathogens, constantly exposed to environmental challenges.
Immunoglobulin A (IgA), predominantly found in mucosal secretions,
is crucial for maintaining homeostasis at these interfaces [1]. IgA
not only prevents pathogen invasion but also regulates interactions
between commensal microbiota and the host immune system. Recent
studies have uncovered new dimensions of IgA biology, shedding
light on its intricate regulation and multifaceted functions in mucosal
immunity [2].

Structure and production of IgA

IgA is the most abundant immunoglobulin class produced in
mammals, existing in two main forms: dimeric IgA (dIgA) and
polymeric IgA (pIgA) [3]. Its synthesis begins in mucosa-associated
lymphoid tissues (MALT), where B cells undergo class switching to
IgA production. The production of IgA is tightly regulated by cytokines
such as TGF-p, IL-10, and APRIL (a proliferation-inducing ligand),
and influenced by signals from the commensal microbiota [4].

Mechanisms of IgA transport

After synthesis, IgA is transported across epithelial cells into
mucosal secretions via the polymeric immunoglobulin receptor (pIgR)
pathway. This process ensures that IgA is delivered to mucosal surfaces
while maintaining epithelial barrier integrity [5]. Recent research
has elucidated the roles of various molecules, including secretory
component (SC), in regulating IgA transport and secretion dynamics.

Functional roles of IgA in mucosal immunity

IgA exerts its protective functions through multiple mechanisms. It
neutralizes pathogens by blocking their adhesion to mucosal epithelial
cells and promotes their clearance via mucociliary mechanisms.
Moreover, IgA regulates immune responses to commensal microbes,
maintaining mutualistic relationships critical for gut homeostasis [6].
Recent findings highlight IgA’s role in shaping the composition and
function of the gut microbiota, thereby influencing systemic immune
responses.

Regulation of IgA by microbiota and immune cells

The gut microbiota profoundly influences IgA production and
function. Commensal-derived signals stimulate IgA class switching and

secretion, reinforcing mucosal barrier integrity. Conversely, dysbiosis
can disrupt IgA-mediated immune regulation, contributing to chronic
inflammatory conditions [7]. Immune cells such as regulatory T cells
(Tregs) and dendritic cells play pivotal roles in mediating microbiota-
IgA interactions, highlighting the dynamic interplay between host
immunity and microbial communities.

Clinical implications and therapeutic potential

Understanding IgA’s role in mucosal immunity has significant
clinical implications. Dysregulation of IgA production is associated
with various diseases, including inflammatory bowel disease (IBD),
allergies, and infections [8]. Therapeutic strategies aimed at modulating
IgA responses or targeting specific IgA-mediated pathways hold
promise for treating these conditions. Furthermore, harnessing IgA’s
ability to shape microbiota composition may offer novel therapeutic
avenues for immune-mediated disorders.

Discussion

Immunoglobulin A (IgA) stands out as a crucial component of
mucosal immunity, playing diverse roles in maintaining homeostasis
and defending against pathogens at mucosal surfaces. This discussion
expands on the multifaceted functions of IgA, its regulation, clinical
implications, and future directions in research and therapeutics.

Functionality and mechanisms of IgA

IgA’s primary function lies in protecting mucosal surfaces from
microbial invasion. It achieves this through several mechanisms,
including immune exclusion, immune modulation, and pathogen
neutralization. As a secretory antibody, IgA blocks pathogens’ ability
to adhere to epithelial cells, thus preventing their colonization and
invasion. This process is particularly critical in the gut, where IgA-
coated microbes are targeted for clearance by mucociliary mechanisms
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or direct expulsion. Furthermore, IgA plays an essential role in
maintaining a mutualistic relationship with commensal microbiota [9].
By coating commensal bacteria, IgA regulates their interaction with host
cells and prevents inappropriate immune responses against harmless
microbes. This function is crucial for immune tolerance and preventing
inflammatory responses in the gut and other mucosal tissues. Recent
insights have highlighted the dynamic interplay between IgA and the
microbiota. Commensal microbes not only stimulate IgA production
but also influence its specificity and affinity. Conversely, IgA shapes the
composition and function of the microbiota, contributing to microbial
diversity and community stability. Understanding these interactions is
pivotal for deciphering how dysbiosis or alterations in IgA production
can lead to inflammatory conditions such as inflammatory bowel
disease (IBD) or allergic disorders.

Regulation of IgA production

The regulation of IgA production involves intricate interactions
between immune cells, cytokines, and the microbiota. TGF-f, IL-10,
and APRIL play essential roles in IgA class switching and differentiation
of IgA-secreting plasma cells in mucosa-associated lymphoid tissues
(MALT). Notably, regulatory T cells (Tregs) and dendritic cells
contribute to maintaining tolerance to commensal microbes while
promoting IgA responses against pathogens. Microbiota-derived
signals, such as short-chain fatty acids and microbial antigens,
stimulate IgA production and influence its transport across epithelial
cells via the polymeric immunoglobulin receptor (pIgR) pathway.
This bidirectional communication underscores the importance of a
balanced microbiota in sustaining mucosal immunity and preventing
chronic inflammatory conditions associated with dysbiosis.

Clinical implications and therapeutic potential

Dysregulation of IgA production or function is implicated in
various mucosal disorders, including IBD, celiac disease, and allergic
conditions. Understanding the mechanisms underlying IgA-mediated
immune regulation offers potential therapeutic avenues. Strategies
aimed at modulating IgA responses, such as probiotic interventions
or microbial transplantation, hold promise for restoring mucosal
immune balance in disease settings. Moreover, recent advancements
in biotechnology have enabled the development of engineered IgA
antibodies with enhanced specificity and stability [10]. These engineered
antibodies could be utilized therapeutically to target specific pathogens
or dysregulated immune responses in mucosal tissues.

Future directions in research

Future research directions should aim to elucidate the nuanced
roles of IgA in different mucosal compartments and disease contexts.
Advanced imaging techniques and single-cell analyses can provide
insights into IgA-secreting cell dynamics and interactions within

mucosal tissues. Furthermore, unraveling the impact of environmental
factors, such as diet and antibiotic use, on IgA-mediated immune
responses will be crucial for understanding disease susceptibility and
therapeutic efficacy.

Additionally, exploring the potential of IgA-based vaccines or
immunotherapies represents an exciting frontier. Engineered IgA
antibodies or IgA-inducing adjuvants could be harnessed to enhance
mucosal vaccine efficacy against pathogens or promote immune
tolerance in autoimmune conditions.

Conclusion

In conclusion, IgA’s role in mucosal immunity extends beyond
pathogen defense to encompass immune regulation and microbiota
maintenance. Recent advances underscore its dynamic interactions
with commensal microbes and immune cells, highlighting its pivotal
role in maintaining mucosal homeostasis. Continued research into IgA
biology promises to unlock new therapeutic strategies for managing
immune-mediated disorders and advancing mucosal vaccine
development.
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