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Outline of the work:

Following the identification of Streptococcus mutans as the causative agent behind dental
caries (one of the two major oral diseases, alongside periodontal diseases) in the 1970s, Dr.
Hiroshi Kiyono embarked on his research career. Fresh out of dental school in Japan, he joined
a research team in the United States studying the role of S . mutans in the development of caries
vaccines. While the initial goal of caries vaccine development was not achieved, Dr. Kiyono’s
work with his colleagues demonstrated that oral immunization using haptenized S . mutans could
induce antigen (Ag)-specific IgA and IgG antibodies. This pioneering research not only laid the
foundation for his future exploration of mucosal immunity regulation but also contributed to the
advancement of the field itself.

Given the prevailing belief that Peyer’s patches (PPs) in the intestine were responsible for
initiating Ag-specific IgA responses, Dr. Kiyono and his colleagues focused their research on
these issues. They developed a groundbreaking enzymatic cell isolation method from PPs, en-
abling the demonstration of antigen-presenting cells within them. These cells play a vital role in
initiating Ag-specific immune responses. He further leveraged T cell cloning technology to iden-
tify IgA isotype-specific Th cells within the PPs. These specialized T helper cells preferentially
induce and regulate Ag-specific IgA antibody responses. This finding definitively established
PPs as a site for initiating Ag-specific immune responses.

Dr. Kiyono’s team further elucidated the critical role of antigen uptake through the develop-
ment of a monoclonal antibody, NKM16-2-4, targeting antigen-sampling M cells within the PP
epithelium. This antibody was then used to create a chimeric Ag by coupling it with botulinum
toxoid (BT). Oral administration of the chimeric antigen consisting with NKM-16-2-4 and BT
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to mice resulted in efficient uptake by M cells, subsequently inducing Ag-specific IgA and IgG
antibodies that neutralize botulinum toxin. The M cell-specific antibodies revealed their presence
beyond PPs, also residing within the villous epithelium. This finding not only underscored the
efficacy of Ag delivery to M cells but also highlighted the diversity of mucosal antigen sampling
systems, contributing to the scientific foundation for oral vaccine development.

Dr. Kiyono’s research extended beyond the well-studied intestine’s mucosal immune system
to the less-explored respiratory system. The nasopharyngeal-associated lymphoid tissue (NALT),
a target for nasal immunization, mirrors the function of PPs in the gut. Interestingly, M cells were
also found in the NALT’s epithelial layer. Furthermore, Dr. Kiyono’s work revealed the presence
of M cells not only in the NALT epithelium but also in the nasal cavity epithelium, similar to their
distribution in the intestinal villous layer. Dr. Kiyono’s research further revealed the presence
of immunocompetent cells within the NALT, essential for inducing and regulating Ag-specific
immune responses. These findings significantly contributed to establishing a strategic foundation
for the development of nasal vaccines.

Using an interdisciplinary approach encompassing medicine, agriculture, and plant engi-
neering, Dr. Kiyono’s team pioneered a novel rice-based oral vaccine platform called “Mu-
coRice.” This innovative approach offers a cold-chain and needle-free solution for mucosal
vaccine delivery. MucoRice-engineered rice expressing the B subunit of cholera toxin (CTB),
essential for the toxin binding to epithelial cells, effectively induces antigen-specific IgA antibod-
ies with the toxin-neutralizing capability upon oral administration in the experimental animals.
A subsequent Phase I clinical trial in healthy Japanese volunteers employed a dose-escalation
design to evaluate MucoRice-CTB. This study demonstrated a dose-dependent increase of Ag-
specific antibodies, supporting its immunogenicity as a human oral vaccine. To further confirm
these findings and assess safety in a broader population, a separate Phase I trial was conducted in
healthy, racially diverse U.S volunteers.

Dr. Kiyono’s research also encompassed nasal vaccine development. To address the neg-
atively charged nature of the nasal mucosa’s epithelial layer, his team, in collaboration with
biomaterial engineers, developed a cationic cholesteryl-group-bearing pullulan nanogel (cCHP)
capable of encapsulating proteins. This innovative carrier system allowed the encapsulated anti-
gen to adhere to the nasal epithelium for a prolonged period after administration, facilitating ef-
ficient delivery to the immunocompetent cells residing beneath the epithelial layer. Intriguingly,
nasal immunization with the encapsulated pneumococcal surface protein A from Streptococcus
pneumonia within cCHP elicited Ag-specific IgA and IgG antibodies in experimental animals,
effectively inhibiting the development of pneumonia.

Dr. Kiyono’s research initiated dentistry and led to groundbreaking discoveries in the mu-
cosal immune system and the development of innovative mucosal vaccines. His influence extends
beyond national borders, as evidenced by his leadership positions in prestigious scientific soci-
eties, serving as president of the Japanese Society for Vaccinology, the Japanese Society for
Immunology, the Society for Mucosal Immunology, and the Intestinal Microbiology Society. A
tireless advocate for mucosal immunology research, Dr. Kiyono has not only shaped academic
fields and research directions but also championed the development of practical applications. His
achievements and dedication to the field are highly respected worldwide.
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