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Development of Liposome-Based Nasal Drug Delivery Systems to
Enhance Mucosal Defense for Radical Allergy Treatment

(*Graduate School of Engineering, Kyoto University, *Institute for Quantitative Biosciences.,
The Univ. of Tokyo) Oliayue Li, ' Naoki Morita,”> Risako Miura,! Yu Kimura,' Reiko
Shinkura, ? Teruyuki Kondo!

Keywords: Drug delivery system; Liposome; Class-switching

Allergic symptoms occur by the overproduction of IgE antibodies, and symptomatic
treatments with antihistamines are provided.! For radical treatments, development of
medicines with enhancement of IgA antibody production on nasal mucosa as well as deliver
them to antigen-presenting cells (APCs) in the nasal mucosa are essential. Bryostatin-1
(Bryo-1) is expected to be an ideal drug for the radical treatment of allergies. Bryo-1
showed high activity for inhibition of IgE-related allergic reactions with enhancing the

defense of nasal mucosa against g, IoE
Invasion of ——_ IgE-mediated
. : Pollen antigen x — Al
antigens through the selective (Antigens)  E % IgM eray
production of IgA antibody by nasal Y oo o WA cosel

B cell

Defense

administration (Scheme 1).2

In this study, we have developed
basic liposome carriers (LNPs) for
the APCs-targeting nasal DDS. The
IgA class-switching drugs, Bryo-1, was incorporated into LNPs with different surface
charges, neutral LNPs (DOPC), cationic LNPs (DOTAP/DOPC) and anionic LNPs
(DOPS/DOPC), to enhance interaction with both the nasal mucosa and APCs through
electrostatic and receptor-mediated interactions, as well as resist mucociliary clearance.

Bryo-1@LNPs were prepared using the thin-film method, with surface charges varied
depending on the ionic lipids and an incorporation ratio of about 85%. The interaction
between LNPs and RAW264.7 cells were determined by FACS analysis in vitro. The result
showed that charged LNPs increased uptake efficiency, demonstrating the stronger
interaction between cells and charged LNPs. Additionally, the class-switch recombination
(CSR) activity of Bryo-1@LNPs was evaluated according to the germline transcript (GLT)
levels of IgA and IgE using real-time PCR. As the result, all Bryo-1@LNPs exhibited CSR
activity towards B cells by increasing GLTa expression and reducing GLTe expression.
Finally, the effect of Bryo-1@LNPs on OVA-allergy model mice was investigated. The
OVA-specific IgA and IgE level in mouse saliva and serum were determined using ELISA.
As a result, the efficiency of intranasal administration of Bryo-1 in promoting IgA
production and reducing IgE level can be enhanced by incorporating it with cationic and
anionic LNPs. The increased IgA production indicates a strengthening of mucosal defense.

Consequently, the present study highlighted that charged LNPs are highly efficient DDS
carriers of Bryo-1 for the radical treatment of allergies.
1) Frew, A. 1. J. Allergy Clin Immunol. 2010, 125, S306-313. 2) Shinkura, R.; Yamamoto, K. PCT
Int. Appl., WO 2018/034318 A1 (2017).

Bryostati n -1 (Bryo-1) CSR: Class-switch recombination

Scheme 1. Strategy to enhance the mucosal
defense though selective class-switching to IgA.
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Vaccine Adjuvant Effect of Peptide Supramolecules Introduced with Charged Amino Acids

(‘Graduate School of Engineering, Kyushu University) ORie Wakabayashi,' Ayato Higuchi,'
Yuki Nabae,' Noriho Kamiya,' Masahiro Goto'

We herein attached antigenic proteins to peptide supramolecules introduced with charged
amino acids. Antigenic proteins loading on Lys-containing supramolecules showed better
internalization into immune cells in vitro, while those on Glu-containing supramolecules
decreased. However, in vivo study demonstrated that both supramolecules enabled the high
production of immunoglobulin G. Subclass analysis suggested that cellular immunity was
dominantly induced by Lys-containing supramolecules, and humoral immunity was induced by
Gln-containing ones, suggesting the controllability of immune responses by these
supramolecular system as a vaccine adjuvant.

Keywords : Peptide,; Self-assembly,; Vaccine; Intracellular delivery
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1) R. Wakabayashi et al., Chem. Commun., 2019, 55, 640; Int. J. Mol. Sci., 2021, 22, 3459.
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Efficient enzymatic reactions and protein accumulation on the inner leaflet of lipid-protein
asymmetric vesicles ('Graduate School of Science and Technology, Gunma University)
(OMasato Suzuki,'! Koki Kamiya,'

Liposomes composed of a phospholipid bilayer have been used for the studies of artificial
cell models. Recently, vesicles formed by amphiphilic proteins have been reported. In this study,
we formed asymmetric vesicles composed of phospholipids on the outer leaflet and amphiphilic
proteins and phospholipids on the inner leaflet. First, we observed the conjugation of two types
of proteins to the inner leaflet of the asymmetric vesicles responding to the external stimuli
(Figure 1). Finally, we demonstrated that the accumulation of enzymes on the inner leaflet of
the asymmetric vesicles enhanced the enzymatic activity.

Keywords : Liposomes, Amphiphilic proteins; Protein accumulation;, Enzyme reactions;
Asymmetric vesicles
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Do Wald, ZTNETIZ, SMELE Y UIRE., NIREZ TS R BoF VAT v
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[1] M. Suzuki, K. Kamiya, iScience 2023, 26, 106086
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Investigation of the cell penetrating peptide-mediated protein transportation through lipid

bilayer (! Graduate School of Science and Technology, Gunma University, >Graduate School

of Science, Chiba University, *Research institute for information technology, Kyushu
University ) OAkari Miwa,' Hiroaki Ito,> Yuji Higuchi,® Koki Kamiya'

Cell-penetrating peptides (CPPs) can transport proteins into living cells by mixing or
conjugating with the target protein'. In this study, we investigated the conditions for the
transportation of water-soluble proteins through liposome membranes (simple lipid bilayer)
and cell membranes (containing sugar chains and membrane proteins). In transportation into
liposomes, we examined transportation efficiency using coarse-grained molecular dynamics
simulation® and wet experiments. We identified the conditions of the high-efficiency protein
transportation inside the liposome. In addition, we demonstrated cytoplasmic transportation by
changing the fusion site and combination of two types of CPP sequences conjugated to proteins.
We obtained both the combination and topology of fusion sites of the two CPPs affecting the
cytoplasm transportation efficiency. Finally, we explain the mechanism of a generic protein
delivery system through the cell membrane using CPPs.

Keywords : Cell penetrating peptide; liposomes, membrane transport; cell membrane
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1) Justin M. Horn and Allie C. Obermeyer, (2021) Biomacromolecules, 22, 12, 4883-4904
2) Naofumi Shimokawa, Hiroaki Ito and Yuji Higuchi, (2019) Phys. Rev. E, 100, 012407:1-14
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