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【Key Research Findings】 
 A transcriptome database was constructed for 25 types of vaccine adjuvants 
 The characteristics of the adjuvants were reflected in the gene expression profiles 
 Integration with toxicity database “Open TG-GATEs” enabled the prediction of adjuvanticity 

and toxicity 
 The results of adjuvanticity and toxicity predictions using machine learning were validated 

by experiments 
 

 Abstract 
Adjuvants are immune stimulants that enhance the efficacy of vaccines, but methods for 

evaluating their efficacy and safety are limited, making large-scale screening difficult. Therefore, 
we constructed the “Adjuvant Database (ADB)” containing comprehensive transcriptome data 
(*1) for 25 types of adjuvants across different species, organs, time points, and doses. This 
database was created using the same protocol as the widely used toxicity database “Open TG-
GATEs (OTG),” enabling integrated analysis of both datasets. Each adjuvant exhibited a unique 
gene expression profile. By utilizing both databases and constructing a model to predict 
adjuvant activity and hepatotoxicity using machine learning (*2), we identified the adjuvant 
activity of colchicine in OTG and the hepatotoxicity of FK565, a synthetic immune stimulant 
derived from bacteria,  in ADB through data analysis. This study demonstrates a new 
framework for adjuvant screening utilizing transcriptome information. 
 

 Details of the Study 
July 17, 2025 – National Institutes of Biomedical Innovation, Health and Nutrition (NIBN) 

and Department of Vaccine Science, The Institute of Medical Science, The University of Tokyo 
have developed the “Adjuvant Database (ADB),” which is expected to significantly contribute to 
the preclinical evaluation of the efficacy and safety of vaccine adjuvants and immunotherapy 
drugs. The findings of this study have been published in the August issue in the international 

National Institutes of Biomedical Innovation, Health and 
Nutrition (NIBN) and Department of Vaccine Science, The 

Institute of Medical Science, The University of Tokyo (IMSUT) 
announce the publication of a comprehensive Adjuvant 

Database to facilitate preclinical evaluation of vaccines and 
immunotherapeutics 
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scientific journal Cell Chemical Biology. 
Adjuvants are essential components of vaccines that are necessary for vaccine antigen-

specific immune responses. However, they are also being developed and researched as drugs 
that can enhance immune responses against infections, cancer, and allergies when used alone, 
making them a subject of growing interest. However, it is known that the components and 
mechanisms of action of adjuvants are diverse and complex, and there are no standardized 
methods for evaluating their efficacy and safety. As a result, it has been pointed out that the 
time required for market approval is longer than for other drugs, making drug discovery research 
challenging. 

This time, an interdisciplinary research team led by, along with Dr. Ken Ishii, former Director 
of the Vaccine and Adjuvant Research Center, National Institutes of Biomedical Innovation, 
Health and Nutrition and currently a professor at the Department of Vaccine Science, The 
Institute of Medical Science, The University of Tokyo, and Dr. Kouji Kobiyama, Associate 
Professor at the same institute (at the time of the study; currently Associate Project Scientist, 
Department of Medicine, Vc-Health Sciences-Schools at the University of California, San 
Diego), along with Dr. Yayoi Natsume, Director of the AI Center for Health and Biomedical 
Research, and Dr. Jun Kunisawa, Deputy Director of the National Institute of Biomedical 
Innovation and Director of Microbial Research Center for Health and Medicine, National 
Institutes of Biomedical Innovation, Health and Nutrition have constructed an ADB by collecting 
comprehensive gene expression profiles for 25 major adjuvants using standardized methods 
across multiple animal species, organs, doses, and time points, and integrating them with the 
widely used toxicogenomics database OTG (Open TG-GATEs) (Figure 1). 

 

 
Figure 1 Establishment and Analysis of the Adjuvant Database (ADB) 
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These data can be easily viewed and analyzed using a user-friendly web application. This 
makes it possible to clearly show the gene expression patterns specific to each adjuvant, and 
the tendency for adjuvants with similar mechanisms of action to have similar gene expression 
profiles indicates that the characteristics of adjuvants are reflected in their gene expression 
patterns (Figure 2). 
 

Figure 2 Adjuvant-induced Gene Expression Profile in Mouse Liver 
 
From this, it is thought that it is possible to infer the biological response induced by adjuvants 

from the ADB gene expression profile, and in fact, a group of genes correlated with blood cell 
counts was identified. The gene expression profiles of adjuvants collected in ADB contain 
information on their mechanisms of action and biological responses, and since data collection 
is performed using a unified protocol with OTG, it is possible to utilize these characteristics. As 
a specific example, a bidirectional prediction model for the efficacy and toxicity of candidate 
adjuvants and existing registered drugs as adjuvants was developed using machine learning. 

Two novel insights were gained from this predictive model. The first was that, among the 
adjuvant candidate drugs in the ADB, FK565, a synthetic immune stimulant derived from 
bacteria, was predicted to exhibit liver toxicity based on the results of liver toxicity prediction 
using machine learning with OTG data. This was confirmed by experiments in mice and rats, 
which demonstrated strong toxicity inducing necrosis in the liver (Figure 3).   
 

 
Figure 3 Necrosis in mouse liver following FK565 administration 
(from left: day 1, day 2, day 3 post-treatment; scale bar = 100 µm) 
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Second, conversely, among the drugs registered in OTG, colchicine, which has long been 
used clinically as a preventive agent for gout attacks and a treatment for autoinflammatory 
diseases such as Mediterranean fever, was predicted by machine learning to be a potential 
adjuvant. In actual experiments using mice, colchicine was proven to function as an effective 
adjuvant for protein vaccines (Figure 4). 

Figure 4 Colchicine-induced enhancement of antibody production 
 

The construction of ADB is expected to be widely used not only by academia but also by 
researchers around the world involved in vaccine and immunotherapy drug discovery and 
regulation, as it is a powerful data-driven screening system that accelerates the development 
of safer and more effective vaccines and can be utilized in parallel with actual experiments for 
important evaluations in non-clinical trials, such as toxicity. 
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 Terminology 

＊１：Transcriptome data 
Comprehensive measurements of which genes (DNA regions) are transcribed into messenger RNA in cells 
or tissues, and to what extent—used to profile gene expression on a genome-wide scale. 
＊２：Machine learning 
A subfield of artificial intelligence (AI) that involves algorithms learning patterns or rules from data to perform 
predictive tasks or discover insights. 
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