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Summary

This research aims are (1) identify the optimal adjuvant for tolerogenic vaccine against non-communicable diseases and (2)
understand the mechanisms of tolerogenic vaccines. To identify the candidate of adjuvants, we utilized Adjuvant Database
for innate immune profile and performed animal experiments for adaptive immune profiles. Adjuvant Database contains
candidates of biomarker for safety and efficacy of adjuvants and the marker for the induction of immunotolerance. Animal
experiment using self and non-self antigen with many types of adjuvant candidates will provide character of T cell phenotype.
These innate and adaptive immune profiles will reveal the biomarker of tolerogenic responses and identify the candidate of
adjuvants.

Based on the Adjuvant Database analysis, we found that TLR9 and STING ligand induce the several gene sets in negative
regulation of immune response (GO: 0050777) and tolerance induction (GO: 0002507). Animal experiments also showed that
TLR9 and STING ligand induced antigen-specific IL-10 induction from immunized mice when we used OVA as an antigen.
These results suggested that these ligands might be the candidate for tolerogenic vaccine adjuvant, and we selected these
adjuvants for the proof-of-concept study. In this research, we decided atherosclerosis as target diseases because atherosclerosis
cause of the cardiovascular diseases that number 1 killer in the world. We used atherosclerosis-related protein-derived peptide
as vaccine antigen and used squalene-based adjuvant as positive control. Two weeks after first antigen peptide with TLR9
ligand immunization in atherosclerosis prone mice (4dpoe-deficient mice), we changed the diet from chow diet to high
cholesterol diet to accelerate atherosclerosis progression. After several time immunization, we collected aorta and
atherosclerosis plaques were stained by Sudan IV. En face lesion area in aorta were quantified using ImagePro software.
Although squalene-based adjuvant immunized mice reduced atherosclerosis lesion area, TLR9 ligand immunized mice could
not reduce. We also performed similar experiment using different atherosclerosis prone mice (Ld/r-deficient mice) and STING
ligand. Similar to the Apoe-deficient mice and TLR9 ligand, immunization with antigen peptide with STING ligand could not
reduce atherosclerosis lesion area, although squalene-based adjuvant reduced. To understand the adaptive immune responses
in Apoe- and Ldlr-deficient mice after immunization, we collected spleen and peritoneal lavage, and stimulated with antigen
peptide. After antigen stimulation, we measured antigen-specific IFN-g and IL-10 production using culture supernatants.
Although squalene-based adjuvant immunization induced only antigen-specific IL-10, TLR9 and STING ligand significantly
induced both IL-10 and IFN-g after antigen-peptide restimulation. These results suggested that several adjuvants have a
potential to induce antigen-specific anti-inflammatory cytokines but also induce antigen-specific inflammation to progress
diseases.

We identified candidate adjuvants that induce antigen-specific IL-10 using model antigens in the adjuvant database and in
experiments using mice. However, these adjuvant candidates could not demonstrate efficacy in experimental atherosclerosis
model mice. Analysis of antigen-specific immune responses suggested that the strong induction of IFN-g, an inflammatory
cytokine, was the reason for the lack of efficacy. Therefore, it might be necessary to search not only for anti-inflammatory
cytokines and anti-inflammatory gene clusters, but also for inflammatory responses using Adjuvant Database. Since squalene
adjuvant was newly shown to be useful as an adjuvant for atherosclerosis vaccine in Ldlr-deficient mice, the search for
compounds and adjuvants that have similar gene expression of squalene adjuvant is key for immune tolerance induction

vaccine.



