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Research background and objectives

Adjuvants, which are mainly used as enhancer for immunogenicity of vaccines against infectious diseases, are
recently expected for wider therapeutic applications for cancer, allergy and so on. However, adjuvants are currently considered
as excipients, defined as no biological activity. Furthermore, the most relevant guideline issued by WHO 1is basically for
adjuvanted vaccines, not prepared for adjuvant as a singular immuno-regulatory drug. Under such circumstances, a new
guideline and nonclinical evaluation method for adjuvant as an immunoregulatory drug, to develop the next-generation
adjuvants with innovative evaluation systems for safety and efficacy, is an urgent task. Although one of important evaluations
of adjuvant is to clarify the mode of action (MOA) in immune responses, the mechanisms of adjuvant effects of current
adjuvants are still unclear. Novel guideline and evaluation method focusing on MOA is necessary for promotion of
development of new adjuvant. Conventional methods for adjuvant evaluation have been focused on the mechanisms of
recognition of adjuvant, signal transduction and cytokine/chemokine release evoked by adjuvant in immune cells. With the
advances of immunology and experimental techniques, novel evaluation methods such as 1) in vivo bio-distribution of
adjuvant, 2) Trans-omics analysis and biomarker hunting based on gene-array and microRNA array, 3) sensitivity difference
to the effect of adjuvant caused by difference of food and metabolism as an individual difference, and 4) efficacy and safety
evaluation by the model of non-human primate and extrapolation of animal research to humans are required. Therefore,
research groups excelled in each research field gather and build-up a systematic evaluation method for adjuvant from each
research achievements.

The purpose of this research group is the establishment of novel evaluation method that utilizes both new findings
and data from adjuvant data-base project. In addition, we also aim that each research group investigates adjuvant innovation

that is based on a novel evaluation method, makes practicable with pharmaceutical companies.

Results
(1) Screening of novel adjuvant and MOA analysis

As a novel adjuvant development, we screened the candidate of adjuvants using herbal medicine
extracts, cationic proteins, and self-assembly low molecular-weight compounds. For herbal medicine
extracts, we identified several parameters related to adjuvant effect by machine learning and established
the screening method. In addition, we discovered a compound cholicamide as candidate of adjuvant
among 8000 self-assembling compounds,

We also utilized HP-B-CD as intranasal vaccine adjuvant. HP-B-CD induced antigen-specific antibody
responses and induced antigen-specific IgA in the trachea and nasal cavity. As a mode of action of HP-p-
CD, we found IL-33-induced ILC2 activation is required for antigen-specific IgA response. We also
identified the IL-1-inducing mucosal adjuvant that potently induced antigen-specific IgG and mucosal
IgA.

We also performed antigen-specific human immune profiling using phase I clinical trial samples of

Influenza vaccine using HP-B-CD as adjuvant and cancer therapy using nucleic acid adjuvant.

(2) Natural adjuvant effects of dietary and microbial components and metabolites
We researched immunomodulatory functions of dietary and microbial components and metabolites in
order to develop a novel adjuvant. Regarding an intestinal bacterium-derived component, we focused on
a lipopolysaccharide (LPS) and its active site, lipid A, of Alcaligenes, a bacterium that lives symbiotically
in Peyer's patches, and found its effectiveness as an adjuvant for subcutaneous and nasal vaccines against

Streptococcus pneumoniae and Haemophilus Influenzae. With regard to diet and nutrition, we focused
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on Leukotriene B4 (LTB4), a metabolite produced from dietary linoleic acid. LTB4- and its receptor BLT1-
axis enhances the proliferation of commensal bacteria-dependent IgA* plasma cells through the induction
of MyD88 and thereby plays a key role in the production of antigen-specific intestinal IgA for oral
vaccination. In addition, we identified several dietary and microbial immunomodulatory compounds in
animal models and human cohort study and started non-clinical studies in collaboration with

pharmaceutical manufacturers.

Efficacy and safety evaluation of adjuvant by the non-human primate model

Alive nefdeleted simian-human immunodeficiency virus to express the adjuvant molecule Ag85B (SHIV-
Ag85B) was genetically constructed and assessed vaccine effects in cynomolgus macaques. The SHIV-
Ag85B could not be detected 4 weeks after injection in cynomolgus macaques. Moreover, most of macaques
inoculated with SHIV-Ag85B showed protective effects against the intravenous challenge of pathogenic
SHIV89.6P, and viral RNAs remained undetectable for more than 200 weeks. Remarkably, eradication of
SHIV89.6P was confirmed by an adoptive transfer experiment and CD8* cell depletion study. In these
macaques, SHIV antigen-specific CD8* T cell responses with polyfunctionality were rapidly induced in
the acute phase of SHIV89.6P challenge. The results suggest that SHIV-Ag85B elicited strong sterile
immune responses against pathogenic SHIV and that it may lead to the development of a live vaccine

and cure for AIDS virus infection.

In silico evaluation of adjuvants

We have completed the storage of collected microarray data (miRNA and mRNA) to the adjuvant database.
This platform enables users to view miRNA and their targeted mRNA expression profiles simultaneously,
to draw these regulatory relationship as a network. We demonstrated that serum miRNAs can be used
as biomarkers to evaluate adverse effects caused by adjuvants. The technology used to construct the

adjuvant database was released as a database construction support tool called Panomicon.



