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Evaluation of the pharmacokinetic and pharmaceutical characteristics of exosomes
im OB H | for the development of exosome-based drug delivery carrier.
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Exosomes are small membrane vesicles with 100 nm in diameter and are released from
various types of cells. Since exosomes play a role as intercellular communication tools by
transferring their cargoes including protein and nucleic acid to the recipient cells, therapeutic
application of exosomes by using exosomes as drug delivery carrier has gained much attention. To
exploit exosomes as drug delivery carriers, it is important to understand the factors affecting the
pharmacokinetics of exosome, such as types of exosome-producing cells, and the role of surface
protein on their pharmacokinetics. In addition, preservation method is an important issue to be
concerned for the development of exosome-based drug delivery carriers. However, the information
about these factors is limited. Therefore, in this thesis, | investigated the pharmacokinetics of
exosome from five different types of murine cell lines, and elucidated the role of exosome surface
protein on their pharmacokinetics by developing method to label inner space of exosomes. In
addition, | also developed a preservation method of exosomes utilizing lyophilization.

Chapter 1: Evaluation of cell type-specific and common characteristics of exosomes derived
from mouse cell lines

Characteristics of exosomes that are important for the development of exosome-based
delivery carriers such as yield, physicochemical properties, and pharmacokinetics, may be different
among different cell types. However, there is limited information about the effect of cell type on
these characteristics. Therefore, | evaluated these characteristics of exosomes derived from five
different types of mouse cell lines: B16BL6 murine melanoma cells, C2C12 murine myoblast cells,
NIH3T3 murine fibroblasts cells, MAEC murine aortic endothelial cells, and RAW264.7 murine
macrophage-like cells. Exosomes were collected using a differential ultracentrifugation method.
The exosomes collected from all the cell types were negatively charged globular vesicles with a
diameter of approximately 100 nm. C2C12 and RAW264.7 cells produced more exosomes than the
other types of cells. The exosomes were labeled with a fusion protein of Gaussia luciferase and
lactadherin to evaluate their pharmacokinetics. After intravenous injection into mice, all the
exosomes rapidly disappeared from the systemic circulation and mainly distributed to the liver. In
summary, the exosome yield was significantly different among the cell types, and all the exosomes
evaluated in this study showed comparable physicochemical and pharmacokinetic properties.

Chapter 2: Evaluation of the role of exosome surface proteins in the pharmacokinetics of
exosome

Surface proteins on exosome membranes might play roles in pharmacokinetics of
exosomes. One method which can be used to study the role of surface membrane of exosome is to
modify the inner space of exosome. In this chapter, | constructed a plasmid DNA expressing a
fusion protein of Gag protein derived from Moloney murine leukemia virus (Gag) and Gaussia
luciferase (gLuc) (Gag-gLuc) to modify the inner space of exosome. Exosomes were collected from
B16BL6 melanoma cells transfected with the plasmid. Gag-gLuc exosomes were negatively charged
globular vesicles with a diameter of approximately 100 nm. glLuc labeling of the Gag-glLuc




exosomes was stable in serum. gLuc activity of Gag-gLuc exosomes was minimally decreased by
proteinase K (ProK) treatment, indicating that gLuc was modified in the inner space of exosomes.
Then, to evaluate the effect of the surface proteins of exosomes on their pharmacokinetics,
Gag-gLuc exosomes treated with ProK were intravenously administered to mice. Volume of
distribution (Vd) was significantly smaller for treated exosomes than untreated exosomes.
Moreover, ProK treatment degraded various surface protein including integrin asP1, an integrin
known to be involved in lung targeting. The ProK treatment significantly reduced the lung
distribution of EVs after intravenous injection. These results indicate that the surface proteins of
exosomes such as integrin asf1 play some roles in pharmacokinetics in terms of reducing Vd and
their distribution to the lung.

Chapter 3: Development of preservation method of exosomes at room temperature by using
lyophilization.

Application of exosomes as drug delivery vehicles can be expanded by the development of
the preservation method of exosomes. Although exosomes are generally stored at -80°C, it is not
suitable for handling or transportation exosomes and other storage method that is easier to handle is
desirable. Lyophilization is a promising storage method that can be used to preserve variable
substances at room temperature. In this study, | tried to develop a preservation method of exosomes
at room temperature using lyophilization, and compared the properties of the lyophilized exosomes
with ones stored at -80°C. Lyophilization without cryoprotectant resulted in aggregation of B16BL6
melanoma-derived exosomes while the addition of trehalose, a cryoprotectant, prevented
aggregation during lyophilization. PAGE analysis revealed that lyophilization in the presence of
trehalose could protect proteins and RNA of exosomes that were stored at 25°C. Lyophilization
hardly affected the pharmacokinetics of glLuc-labeled exosomes after intravenous injection into
mice. Moreover, it was found that lyophilized exosomes retained the activity of loaded gLuc and
immunostimulatory CpG DNA for about 4 weeks even when stored at 25°C. In summary,
lyophilization with trehalose is an effective method for the storage of exosomes for various
applications.

In conclusion, | found that types of cells have negligible effect on pharmacokinetics of
exosomes. Moreover, | found that surface proteins of exosomes play role on their pharmacokinetics.
In addition, | have succeeded in the development of preservation method of exosomes at room
temperature utilizing lyophilization, without altering physical properties, pharmacokinetics and the
function of molecules loaded to exosomes. The findings in this thesis provide useful information for
the development of drug delivery carriers using exosomes.
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