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Uniqueness of the Mucosal Immune System for the Development
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The mucosal immune system acts as the first line of defense against microbial infection through a dynamic immune
network based on innate and acquired mucosal immunity. To prevent infectious diseases, it is pivotal to develop effective
mucosal vaccines that can induce both mucosal and systemic immune responses, especially secretory IgA (S-IgA) and
plasma IgG, against pathogens. Recent advances in medical and biomolecular engineering technology and progress in
cellular and molecular immunology and infectious diseases have made it possible to develop versatile mucosal vaccine
systems. In particular, mucosal vaccines have become more attractive due to recent development and adaptation of new
types of drug delivery systems not only for the protection of antigens from the harsh conditions of the mucosal environ-
ment but also for effective antigen delivery to mucosa-associated lymphoid tissues such as Peyer’s patches and
nasopharynx-associated lymphoid tissue, the initiation site for the induction of the antigen-specific immune response. In
this review, we shed light on the dynamics of the mucosal immune system and recent advances toward the development
of prospective mucosal antigen delivery systems for vaccines.
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Fig. 1. Application of Mucosal Vaccine for the Prevention of Infectious Diseases
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Fig. 2. IEL Mediates Innate and Acquired Immunity through Two Different T Cell Receptors

(A): ofTCR IEL recognizes antigenic peptides presented by conventional MHC molecules. The recognition is a trigger of antigen-specific acquired immunity.
(B) : Non-classical MHC molecules do not present antigenic peptides but act as ligands for y0TCR IELs. Because the expression of non-classical MHC molecules is
rapidly induced by microbial infection and is not specific for the pathogens, it plays an important role in the innate mucosal immunity.
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(A) : Mucosal B2 B cells produce IgA against pathogen-specific protein antigen. The IgA production from B2 B cells requires T cell help and is restricted by
MHC molecules. So, they play a crucial role in the acquired mucosal immunity. (B): Mucosal B1 B cells produce IgA against T-independent antigen such as lipids
and polysaccharides. Because these molecules are widely expressed on various pathogens, Bl B cell-derived IgA exhibits the cross-reactivity against various kinds of

pathogens for the efficient innate-type mucosal immunity.
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Fig. 4. Mucosal Immune Network for the Production of Secretory IgA (S-IgA)

Pathogens in the intestinal lumen are transported into Peyer’s patch though M cells, where dendritic cells (DC) take them for the antigen presentation to T
cells. Simultaneously, preferential production of IL-4 and TGF-f induces IgA-committed B cells. Peyer’s patch DC also produce retinoic acid to render the antigen-
primed T and B cells to gut-tropic cells by the induction of a4f7 integrin and CCR9. The antigen-primed T and B cells migrate into intestinal lamina propria via the
interaction of 47 integrin/MAdCAM-1 in high endothelial venule (HEV) and that of CCR9/CCL25 in the lamina propria, where IgA-committed B cells further
differentiate to IgA-producing plasma cells (PC) under the influence of IL-5 and IL-6. Epithelial cells transport IgA into intestinal lumen as S-IgA.
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Fig. 5 A Novel Hybrid Delivery Vehicle, Fusogenic Liposome, for the Efficient Induction of NALT-mediated Mucosal and Systemic

Immune Responses

Nasally administered fusogenic liposome efficiently deliver the encapsulated antigen into the antigen presenting cells in NALT. Thus, high levels of HIV gp160-
specific antibody responses were induced in both systemic (serum) and mucosal (nasal wash, vaginal wash, and fecal extract) compartments of mice nasally im-
munized with gp160-fusogenic liposome (closed bar and circles) . As a control, mice were nasally administered with fusogenic liposome containing PBS (open bar

and circles) .
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