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Study of supporting drug discovery and drug development of a new modality agent by 2-dimensional to

3-dimensional imaging pharmacokinetic analysis using high-intensity fluorescence-labeled probes
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This study aimed to establish a drug discovery support platform capable of visualizing and quantifying the heterogeneous
intratumoral distribution of therapeutics, which cannot be sufficiently evaluated by conventional plasma pharmacokinetics or
tissue homogenate analyses alone. Using two-dimensional (2D) and three-dimensional (3D) imaging technologies, we

investigated how drugs are delivered, distributed, and exert their effects within target tissues and cells.

In fluorescence imaging analyses, the intratumoral distribution of trastuzumab was evaluated using HER2-positive patient-
derived xenograft (PDX) models. PID imaging demonstrated that antibody distribution was not uniformly correlated with
HER2 expression and was preferentially localized near the tumor vasculature. The estimated delivery efficiency of
trastuzumab to HER2-positive regions was approximately 50%, indicating that antibody delivery is strongly influenced not
only by antigen expression but also by vascular and tissue architecture. The penetration distance of antibody therapeutics was
estimated to be approximately 20-80 um, suggesting that combination strategies such as anti-angiogenic therapy or
radiotherapy may be required to improve drug delivery. In addition, co-localization analyses using intracellular organelle

markers demonstrated the feasibility of evaluating intracellular trafficking and endocytosis of antibody therapeutics.

For 3D imaging analyses, tissue clearing using the CUBIC method combined with the newly developed compact light-sheet
microscope “descSPIM” enabled three-dimensional visualization of tumor vasculature and antibody distribution. The 95th
percentile of drug distribution distance from blood vessels was approximately 70 pm, which was consistent with the 2D PID
imaging results. Importantly, highly heterogeneous intratumoral drug distribution was quantitatively demonstrated, with

regions of high accumulation coexisting alongside areas with minimal drug distribution.

In the QSP studies, physiologically based pharmacokinetic (PBPK)/QSP models were developed for antisense
oligonucleotides (ASOs) and antibody therapeutics. Mathematical models incorporating vascular permeability, intratumoral
diffusion, target binding, dissociation, and internalization were implemented. Furthermore, the Cluster Gauss-Newton Method

(CGNM) was introduced to identify multiple parameter sets capable of explaining the experimental data.

In addition, highly selective analytical methods using high-resolution Orbitrap mass spectrometry were established for
nusinersen and Morpholino-type ASOs, enabling in vivo pharmacokinetic evaluation. In bone DDS studies using low-
molecular-weight heparin (LMWH) and BMP-2, PID imaging demonstrated enhanced BMP-2 retention and suggested

enhanced bone regeneration.

Overall, this study demonstrated that 2D/3D spatial pharmacokinetic imaging technologies can serve as a valuable drug
discovery support platform for novel therapeutic modalities. At the same time, challenges related to quantitative validation,
standardization, and regulatory science considerations were identified. Future studies will focus on elucidating the
mechanisms underlying heterogeneous drug distribution using multi-omics approaches and translating these findings into
novel DDS strategies, innovative therapeutic approaches, and industrial applications in collaboration with pharmaceutical

companies and CROs.



