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Advancing PET imaging technologies for pharmacokinetic evaluation of emerging drug modalities,

including vaccines and anti-infective therapeutics
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PET is an imaging modality that can be seamlessly applied across species, from rodents to humans, and is widely used
in pharmacokinetic research and drug discovery because of its high quantitative accuracy and temporal resolution. The ability
to directly quantify drug concentrations in human tissues—previously not feasible—represents a major breakthrough. This
capability is expected to facilitate more evidence-based drug development by strengthening the linkage between
pharmacokinetics and pharmacodynamics. To date, PET applications have focused mainly on small-molecule and antibody
therapeutics. However, for emerging modalities such as mRNA therapeutics, which gained prominence through COVID-19
vaccines, and their associated drug-delivery system (DDS) formulations, pharmacokinetic control is often even more critical.
Accordingly, expanding the use of PET imaging in drug discovery is highly desirable.

In this research and development project, we first advanced positron-emitting radiolabeling techniques applicable to
emerging pharmaceutical modalities. Specifically, for mRNA therapeutics and their lipid nanoparticle (LNP) formulations,
cell therapies, and small extracellular vesicle (exosome) therapeutics, we established advanced methods for positron-emitting
radiolabeling and quality control (QC). Second, in addition to intravenous administration, we conducted PET pharmacokinetic
studies across multiple administration routes, including lymphatic transport following intramuscular injection, brain delivery
via intranasal absorption, and transdermal absorption. Leveraging the high temporal resolution of PET, we performed
pharmacokinetic analyses to elucidate rate-limiting steps and mechanisms of tissue uptake. Third, within the BSL-3 zone of
the Center for Radiation Research and Education at Nagasaki University, we established an experimental environment that
enables high-quality PET- and SPECT-based pharmacokinetic studies using infectious disease animal models. Using acute
and chronic hepatitis models as simulated infectious disease conditions, we performed PET pharmacokinetic studies of
mRNA-LNP formulations. Fourth, across a total of seven seed projects, we collaborated with seed investigators to conduct
positron-emitting radiolabeling and PET pharmacokinetic studies of specialized formulations and administration routes. These
efforts led to outcomes including co-authored publications in high-impact journals, such as the Journal of Extracellular
Vesicles and Nature Communications.

In this project, we successfully expanded the scope of PET-based pharmacokinetic studies to emerging modalities and
anti-infective drug discovery to address current pharmaceutical development and societal needs. During the project period,
we upgraded the small-animal PET and SPECT systems in the BSL-3 zone of the Center for Radiation Research and Education
at Nagasaki University to state-of-the-art, high-performance platforms. The facility is also fully equipped with the
instrumentation needed for positron-emitting radiolabeling, quality control (QC), and PET-related experimental work. This
environment enables high-quality pharmacokinetic research using PET and SPECT across a wide range of disease models,
including BSL-3 infectious disease animal models. These achievements have been recognized by the academic community.
In FY2025, the principal investigator received the Japanese Society for the Study of Xenobiotics (JSSX) Young Scientists
Award for “PET-based pharmacokinetic studies of new modalities and their application to the development of diagnostic
imaging agents and DDSs.” We will continue to communicate the importance of PET-based pharmacokinetic evaluation and
the capabilities of Nagasaki University’s facilities to academic societies and the drug discovery community, and will strive to
maintain and further advance this technological infrastructure through collaborative research with industry. Looking ahead,
we also envision expanding our applications to the rapidly growing field of radiotheranostics—integrated radionuclide-based

diagnostics and therapy—supported by PET pharmacokinetic studies.



