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1.   The development of vaccines for Emerging In-
fectious Diseases (EIDs) (COVID-19, Mpox vac-
cine, and others)

Supported by AMED, we contributed to the devel-
opment of Japan’s first LNP‑mRNA vaccine (DS‑5670, 
Daiichi Sankyo) and the first adjuvanted recombinant 
protein vaccine (S‑268019, Shionogi Pharma) against 
SARS‑CoV‑2, approved in 2023 and 2024, respectively 
(doi: 10.1038/s41598‑024‑57308‑3; doi: 10.1126/science.
adh0968). We continue to investigate the molecular 
mechanisms of mRNA vaccines, while also collabo-
rating with pharmaceutical companies on studies un-
related to mRNA—particularly to elucidate the mech-
anisms of novel adjuvants and advance next‑genera- 
tion vaccine design.

We also elucidated the immune mechanisms of 
the Mpox vaccine LC16m8, an attenuated vaccinia 
strain developed in Japan for smallpox, demonstrat-
ing robust and broad immunogenicity across MPXV 
clades. Using mouse, non‑human primate, and hu-
man systems, LC16m8 was shown to induce strong 
neutralizing antibodies and cellular responses against 
outbreak‑associated clade Ib and related strains. 
Comparative antigen profiling revealed distinct im-
munogenic hierarchies among viral proteins, provid-

ing insights for serological diagnostics and vaccine 
optimization. LC16m8 administration exhibited ex-
cellent safety, with only localized pox lesions and no 
systemic adverse effects. Overall, this cross‑species 
analysis highlights LC16m8 as a safe, effective, and 
scalable platform for Mpox prevention and a useful 
framework for rapid vaccine development against 
emerging poxviruses (Kobiyama K. et al., EBioMedi-
cine, 2025).

2.   Innovative vaccine evaluation system for 100
days mission

Supported by AMED SCARDA (2022–), our labo-
ratory leads a collaborative project with IMSUT, the 
National Institute of Infectious Diseases (NIID), and 
the National Institute of Biomedical Innovation, 
Health and Nutrition (NIBIOHN). The goal is to es-
tablish an innovative vaccine evaluation system capa-
ble of providing effective vaccines to the world within 
100 days of the next infectious disease outbreak, epi-
demic, or pandemic. In line with the G7 “100-Day 
Mission,” this project integrates four essential re-
search areas—pathogen biology, infection immunolo-
gy, vaccine design, and animal model research—to 
build a robust framework for rapid, precise, and 
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Summary of Activity 
Primary goal of our laboratory is to understand the immunological mechanisms of 
the intra- and inter-cellular signaling pathways that mediate the immunogenicity of 
successful vaccines, as well as biological responses to adjuvants. Such knowledge 
will enable us to develop novel concepts, modalities and next generation 
immunoprophylaxis and/or therapeutic agents against infectious diseases, cancer 
and allergy as well as other non-communicable diseases. 
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high-level non-clinical evaluation of vaccine candi-
dates, even under emergency conditions.

Through this initiative, we discovered that the 
pre-administration of certain adjuvants can induce 
broad and long-lasting protection against respiratory 
infections. We are currently advancing mechanistic 
studies to elucidate how this protective response is 
mediated. In parallel, we are expanding the scope of 
adjuvant studies by screening antiviral compounds 
that activate innate immunity through cell death–me-
diated pathways.

To further accelerate adjuvant development, we 
have also established the Adjuvant Database (ADB), a 
comprehensive and standardized multi-species tran-
scriptomic resource encompassing 25 representative 

adjuvants across multiple tissues, doses, time points, 
and animal species. Designed to be interoperable 
with the toxicogenomic platform Open TG-GATEs 
(OTG), ADB enables integrated assessment of both 
adjuvanticity and toxicity using data-driven ap-
proaches. By applying machine learning, we identi-
fied previously unrecognized compounds with po-
tential adjuvant activity and validated their effects 
experimentally. Together, these efforts aim to estab-
lish a data-driven, scalable foundation for the devel-
opment of safe and effective vaccine adjuvants and 
immunomodulators to better prepare for future pan-
demics (Natsume-Kitatani Y. et al., Cell Chem Biol, 
2025).
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