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In this study, our original lipid nanoparticles were optimized as mRNA and protein antigen delivery vehicles, from which

vaccines against highly pathogenic avian influenza viruses were developed.

mRNA-LNP vaccine

Messenger RNA vaccines encapsulated in lipid nanoparticles (MRNA-LNPs) are an emerging and promising vaccine
technology. Nonetheless, some mRNA-LNP vaccines can trigger adverse reactions in humans, including swelling and
fever. This is in part due to the inflammatory properties of lipid nanoparticles. Modifying the ionizable lipid used in
LNPs represents one strategy to mitigate these adverse effects. In this study, mRNA-LNP vaccines that offer enhanced
protective immunity and fewer adverse reactions were developed by utilizing LNPs with a unique ionizable lipid
(LNP<lipid-Y>). As a result, mRNA-LNP vaccines for H5N1 influenza were created using mRNA encoding
hemagglutinin or neuraminidase from a highly pathogenic HSN1 influenza virus. Compared to traditional mRNA-LNP,
mRNA-LNP<lipid-Y> elicited a similar level of antigen expression at the injection site and comparable antigen-specific
antibody responses, as well as a higher number of antigen-specific IFN-y-producing CD4+ T cells in mice. Both mRNA-
LNP<lipid-Y> and conventional mRNA-LNP provided strong protection against the homologous H5N1 virus challenge.
Additionally, mRNA-LNP<lipid-Y> demonstrated superior cross-protection against heterologous HSNI1 virus
challenges compared to conventional mRNA-LNP. Moreover, mRNA-LNP<lipid-Y> was associated with a reduced
production of inflammatory cytokines and fewer local and systemic adverse reactions compared to conventional mRNA -
LNP. These findings indicate that mRNA-LNP<lipid-Y> shows significant potential in addressing the challenges

associated with mRNA-LNP vaccines.

Subunit vaccine

Adjuvants are a powerful means of boosting vaccine effectiveness, steering the immune response towards either a Thl

or Th2 type. While research has highlighted the importance of IFN-y producing Th1 cells in combating infections by
intracellular bacteria and viruses, few adjuvants are capable of inducing Thl cells. Recent studies have indicated that
lipid nanoparticles (LNPs) are promising vaccine adjuvants, with each LNP exhibiting distinct properties. In this study,

various LNPs were screened to identify a novel adjuvant that can stimulate both Th1 cells and antibody production using
antigens from influenza virus in mice. As a result, LNP containing 1,2-di-O-octadecenyl-3-trimethylammonium-propane
(DOTMA) as a lipid component (DOTMA-LNP) was found to significantly enhance the antigen-specific IgG1 and IgG2
responses compared to antigen alone, and performed as well as antigen combined with other adjuvants in mice. Moreover,
DOTMA-LNP effectively induced strong IFN-y-producing Th1 cells without causing inflammatory reactions, leading to
strong cross-protection in mice. We further demonstrated the versatility of DOTMA-LNPs as Th1 cell-inducing adjuvant
using antigens from SARS-CoV-2 and Streptococcus pneumoniae. These findings suggest that DOTMA-LNPs are a
promising, safe, and effective adjuvant for inducing Th1 cells, and that LNP formulations can serve as potent adjuvants

to enhance the efficacy of subunit vaccines.



