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It is necessary to develop next-generation vaccines that induce potent systemic pathogen-specific Immunoglobulin G
(IgG) and Th1 responses as well as high-titer pathogen-specific secretory(s) IgA in the mucosa at the portal of infection.
We have identified dendritic cells (DCs) responsible for IgA induction in the intestinal tract and found that their
expression of retinoic acid synthase Raldh2 is essential for IgA induction. We found that the B1,3-glucan, curdlan,
induces Raldh2 in DCs. When we stimulated conventional DCs with CpG DNA, a ligand for Toll-like receptor 9 (TLR9)
together with curdlan, we found that conventinal DCs converted to activated mucosal-type Raldh2+ DCs. Intramuscular
injection with antigen, CpG DNA, Curdlan and incomplete Freund's adjuvant (IFA) induced antigen (Ag)-specific IgG
in blood and secretory IgA in feces in mice. After initial immunization, Ag administration orally, nasally, or vaginally
induced very high titer of Ag-specific sIgA on the target mucosa for several months. This immunization method was
applied for patent as a novel vaccination method (PCT/JP2016/67403). Though IFA is a highly effective adjuvant, its
application to humans is difficult due to safety concerns. In this research project, we conducted joint research with
Mitsubishi Tanabe Pharma Corporation (MTPC) to introduce an alternative substrate to IFA for the practical use of this
immunization method in humans, and to verify the efficacy of the vaccine in rodents and primates. First, we attempted
to replace IFA with a safer formulation, which has excellent retention properties. In collaboration with MTPC, we
prepared a formulation encapsulating OVA, CpG DNA, and 1,3-glucan using liposomes, which are similar to IFA in
terms of particle size, or emulsions, which are similar to IFA in terms of retention, as base agents. The liposomes mimic
the lipid membrane composition of erythrocyte membranes, which are expected to be highly ecocompatible with humans.
On the other hand, W/O/W emulsions based on squalane, which has a proven track record in human use, were also good
candidates. The retention of the emulsions was verified to be superior to that of the liposomes. Next, we analyzed the
immune responses induced by vaccine using liposomes or emulsions as the base formulation. Liposome-based
formulations containing OVA, CpG DNA, and B1,3-glucan were injected intramuscularly into mice to examine the
induction of Ag-specific IgG in blood and Ag-specific sIgA in feces. In the case of liposomes, Ag-specific sIgA induction
was weak compared to IFA. Therefore, after priming, the Ag administration to the intestine did not induce Ag-specific
sIgA as effectively as IFA. Therefore, priming at 0 and 3 weeks, followed by oral antigen loading at 7 weeks, resulted
in IgA induction comparable to that of IFA. Thus, the immunogenic potential of liposomes was considerably weaker
than that of IFAs. On the other hand, emulsion immunization induced transient Ag-specific sIgA induction 3 weeks after
priming, similar to IFA. Furthermore, oral administration of Ag 6 weeks after priming successfully induced high titer
Ag-specific sIgA in the intestinal tract. Thus, it was found that the emulsion immunization method was similar to IFA
in terms of induction of mucosal immune responses. Thus, it was considered that W/O/W type emulsions are superior
as a substrate to emulsion. Next, the induction of mucosal immune responses when W/O/W was used as the base
formulation was examined in Cynomolgus monkies. In a preliminary study, 50 ug of OVA, 5 pug of CpG-ODN, and 5
mg of Curdlan were adjusted in emulsion (W/O/W) to make a 500 ul solution. W/O/W emulsion only (n=1), W/O/W
emulsion + OVA + Curdlan (n=2), W/O/W emulsion + OVA + Curdlan + CpG-ODN (n=2) were prepared. Vaccines
were intramuscularly injected at 0 and 4 weeks and Ag-specific serum IgG and Ag-specific fecal sIgA were measured
weekly. After 8 weeks, OVA was orally boosted. By 8 weeks post-priming, transient induction of Ag-specific sIgA in
feces was observed in monkeys in both Curdlan + CpG-ODN groups, confirming that W/O/W emulsions are effective
in primates. In the next year, the effect of oral boosting was examined in vaccinated macaques for preliminary studies,
and one of the groups of Curdlan + CpG-ODN showed Ag-specific sIgA recall in the feces. Next, nasal boosting
significantly induced Ag-specific sIgA in the airways of two of the Curdlan + CpG-ODN groups. In the macaques, the
effect of W/O/W emulsion using the universal antigen of Streptococcus pneumoniae, PspA fusion protein (PspAF), was
investigated. W/O/W emulsion only (n=2), W/O/W emulsion + PspAF + Curdlan (n=3) W/O/W emulsion + PspAF +
Curdlan + CpG-ODN (n=3). The vaccinations were given at 0 and 4 weeks. This year, the titers of Ag-specific IgG in
blood and Ag-specific sIgA in airways were examined over time in vaccinated macaques. 2 primings significantly
increased Ag-specific IgG in blood and Ag-specific sIgA in airways. In addition, the titers of Ag-specific sIgA in the
airways remained positive for more than 16 weeks in both the CpG+Curdlan group and the Curdlan-only group after by
two times intramuscular injection. Unlike in rodents, in primates, W/O/W immunity has been reported to induce Raldh2
in dendritic cells. In humans, it was suggested that Curdlan alone may be able to induce sIgA, and although antibody
titers were higher with CpG, the CpG dose could be reduced. In addition, nasal boosting was able to recall high titer of
Ag-specific slgA at mucosal surfaces for a long period. In summary, we were able to change the substrate of the mucosal
vaccine as originally planned and confirm its efficacy in rodents and primates.



