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Abstract

Messenger RNA vaccines based on lipid nanoparticles (mR-
NA-LNPs) are promising vaccine modalities. However, mMRNA-LNP
vaccines frequently cause adverse reactions such as swelling
and fever in humans, partly due to the inflammatory nature of LNP.
Modification of the ionizable lipids used in LNP is one approach
to avoid these adverse reactions. Herein, we report the develop-
ment of MRNA-LNP vaccines with better protective immunity and
reduced adverse reactions using LNP, which contains a disulfide
(SS)-cleavable bond and pH-activated lipid-like materials with oleic
acid (ssPalmQ) as an ionizable lipid (LNPpamo). We used mRNA
expressing H5N1 subtype high-pathogenicity avian influenza
virus-derived hemagglutinin or neuraminidase to generate mR-
NA-LNP vaccines against H5N1 influenza. Compared with conven-
tional LNP, mBNA-LNP.ramo induced comparable antigen-specific
antibodies and better interferon-gamma (IFN-()(producing T-helper
type-1 (Th1) responses in mice. Both mRNA-LNP ..o and conven-
tional MRNA-LNP conferred strong protection against homologous
H5N1 virus challenge. In addition, MBRNA-LNP. .m0 Showed better
cross-protection against heterologous H5N1 virus challenge com-
pared with conventional mMRNA-LNPs. Furthermore, we observed
that MBRNA-LNPg,mo induced less inflammatory responses (e.g.,
inflammatory cytokine production and vascular hyperpermeability)
and fewer adverse reactions (e.g., weight loss and fever) com-
pared with conventional mMRNA-LNP. These results suggest that
MRNA-LNP .m0 Would be a safe alternative to conventional vac-
cines to overcome mRNA-LNP vaccine hesitancy.

Background & Results

In recent years, H5N1 subtype high-pathogenicity avian influ-
enza virus has infected wild bird and poultry populations across
the globe. Although H5N1 influenza viruses are unlikely to infect
humans, several human infections have been confirmed due to the
global spread of this virus in various animals. Therefore, the devel-
opment of vaccines against H5N1 is a public health priority. Mes-
senger RNA vaccines based on lipid nanoparticles (MRNA-LNPs)
are promising vaccine modalities against H5N1 influenza viruses.
However, mRNA-LNP vaccines cause adverse reactions in hu-
mans, partly due to the inflammatory nature of LNPs. The ionizable
lipids used in LNPs primarily contribute to the inflammatory nature
of LNPs, which suggests that modifying the ionizable lipids may
help prevent these adverse reactions. Here, mRNA-LNP vaccines
with superior protective immunity and reduced adverse reactions
against H5N1 influenza virus were developed using a biode-
gradable “SS-cleavable and pH-activated lipid-like material with
oleic acid (ssPalmQ)” as the ionizable lipid. We compared the
vaccine functions and adverse reactions of mMRNA-LNP .0 and

MRNA-LNP with conventional ionizable lipid (MRNA-LNP..,). mR-
NA-LNPgp.mo induced antigen-specific IgG levels comparable to
those of MRNA-LNP,,,. LNPpamo induced more IFN-y-producing T
cells than mRNA-LNP,,,. Both mRNA-LNP,mo and mRNA-LNP..,
conferred strong protection against homologous H5N1 viral chal-
lenge. In addition, MBRNA-LNP,mo Showed superior cross-protec-
tion against heterologous H5N1 virus challenge than mRNA-LNP-
wonv- FUrthermore, mMRNA-LNP .m0 reduced inflammatory cytokine
secretion and adverse reactions compared to mMRNA-LNP...

Significance of the research and Future perspective

Collectively, these results indicate that MRNA-LNPp.mo IS @n
alternative mRNA-LNP vaccine platform that overcomes the limita-
tions associated with mRNA-LNP vaccines.

In this study, we demonstrate the potential of an mMRNA-LNP .m0 Vaccine to pro-
vide comparable protective immunity against H5N1 influenza viruses and fewer
adverse reactions associated with reduced inflammatory responses compared
with conventional MRNA-LNP vaccines. Our findings suggest that mRNA-LNP.
ramo 1S @ safe alternative to conventional vaccines for overcoming mRNA-LNP
vaccine hesitancy.
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