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In regenerative medicine using stem cells, their clinical therapeutic effects have been reported. Taguchi conducted a clinical
trial of autologous hematopoietic stem cell transplantation in patients with severe cerebral infarction and demonstrated its
therapeutic effect (Taguchi et al. Stem Cells Dev. 2015) and reported that the mechanism of action of regenerative medicine
using hematopoietic stem cells occurs in a simple system between membrane proteins immediately after stem cell
administration and does not require long-term survival or differentiation after transplantation (Taguchi et al. Stroke 2020).
Therefore, we aimed to construct a functional liposome preparation that can replace stem cell therapy for stroke without using
cells.

In the preparation of functional liposomes, Kamiya, the Principal Investigator of the project, set parameters such as liposome
size, amount of membrane proteins, presence of cell-targeting substances, and substances and concentrations in the inner
aqueous phase of liposomes, to derive optimal conditions for a functional liposome formulation that can replace stem cell
therapy for cerebral infarction. The objective of the study was to determine the optimal conditions for a functional liposome
formulation that could replace stem cell therapy for stroke. Then, Taguchi, who is in charge of research and development, will
evaluate the in vitro bioactivity and in vivo therapeutic effects of the functional liposomes prepared by Kamiya. The obtained

results were then fed back to Kamiya to create more functionalized functional liposomes.

Differences in Liposome Reconstitution of Membrane Proteins Expressed in a Cell-Free Protein Expression System
Due to Differences in Phospholipid Composition

When membrane proteins are expressed in a cell-free protein expression system in the presence of liposomes, they are
reconstituted into liposome membranes. Using this phenomenon, we investigated the reconstitution of target membrane
proteins into liposomes. To remove membrane proteins that were not reconstituted into liposomes, sucrose density gradient
centrifugation was performed, liposomes were collected, and the presence of membrane proteins was confirmed by SDS-
PAGE. We found that the amount of membrane proteins reconstituted into liposomes varied with the surface potential of the
liposomes resulting from differences in the charge of the phospholipids. Furthermore, we performed similar experiments with
several membrane proteins of different shapes and found that the amount of membrane proteins reconstituted into liposomes
differed depending on the surface potential of the liposomes as well as the targeted membrane proteins. Thus, we found that

membrane proteins can be enriched on liposomes by changing the phospholipid composition of the liposomes.

Evaluation of in vitro bioactivity and in vivo kinetics of functional liposomes

The amount of calcein transported into the cytoplasm of vascular endothelial cells was quantified by FACS. The liposomes
prepared were calcein-encapsulated nano-sized liposomes and micro-sized liposomes with or without membrane proteins. In
the nano-sized liposomes, calcein was transported into the cytoplasm with or without membrane proteins. In contrast, in
micro-sized liposomes, calcein fluorescence was observed in the cytoplasm only when membrane proteins were present.
These results indicate that endocytosis was the main process for nanosized liposomes, and calcein was introduced into the
cytoplasm. On the other hand, the micro-sized liposomes are assumed to have introduced calcein into the cytoplasm by the
action of membrane proteins on the liposomes. Target membrane proteins were expressed into nano-sized liposomes by a cell-
free protein expression system in liposomes containing negatively or positively charged phospholipids, and the amount of
calcein transported into the cytoplasm of vascular endothelial cells was quantified. In addition, the amount of calcein
transported into the cytoplasm of vascular endothelial cells was quantified in nano-sized liposomes in which a substance that

promotes cell adhesion was introduced onto the liposome surface. The amount of calcein transported into the cytoplasm of



vascular endothelial cells was not affected by the presence or absence of the cell adhesion-promoting substance. Therefore, it
is necessary to increase the concentration of substances that promote cell adhesion introduced into the liposome surface.

We conducted observations to promote the uptake behavior of proteins that induce angiogenesis. The uptake of these
angiogenic proteins varied depending on the concentration of the contents and the presence or absence of membrane proteins.
Therefore, we believe that by examining the concentration of the contents in detail, we can complete the functional liposomes
we aim for. Furthermore, we seeded functional liposomes in a mouse model of cerebral infarction and observed the transport

of fluorescent substances from the liposomes to the vascular endothelial cells in both the infarcted and non-infarcted regions



