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Development of evaluation technology for pharmacokinetics and drug efficacy combining high-resolution

X-ray and high-sensitivity fluorescence measurements
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Summary of Research and Development (R&D)
Project Overview

This research project aims to develop a platform for the low-invasive, 3D, and chronological visualization of
pharmacokinetics and drug efficacy within tumor tissues. By utilizing small-molecule drugs, antibody drugs, and drug-
encapsulating polymers, we integrated X-ray and fluorescence imaging to bridge the gap between molecular-level
observations and whole-tissue analysis. Specifically, we applied gold nanoparticles (AuNPs) of various sizes as labeling
agents. Using both laboratory micro-X-ray CT for in vivo observation and synchrotron radiation (high-brightness X-ray) CT
at facilities like NanoTerasu, we performed phase-contrast and absorption-contrast imaging. This approach allowed for high-
resolution measurements of biodistribution and tumor vascular architecture from the macro scale down to the

microenvironment.

Details of R&D Results
1. Kinetic Analysis Using Gold Nanoparticles (AuNPs)

We successfully labeled multiple therapeutic antibody drugs with AuNPs without compromising their antigen-binding
affinity. Using laboratory micro-X-ray CT, we established a method to calculate the specific number of AuNPs conjugated
per antibody molecule. Furthermore, by optimizing tissue size and utilizing synchrotron radiation, we achieved detailed 3D
evaluations of drug distribution within tissues exceeding 1 mm. For cellular analysis, a proprietary method was used to
internalize AuNPs, allowing for the chronological 3D observation of in vivo cellular dynamics for up to 24 hours without the

need for surgical intervention.

2. Pathological Analysis via High-Brightness Nanoparticles and Phosphorescence

We developed high-brightness fluorescent nanoparticles (149 nm) providing 300 times higher sensitivity than conventional
dyes. This sensitivity is achieved by conjugating approximately 2,460 streptavidin molecules onto the particle surface via
PEG linkers.

HER2/HER3 Analysis: Using these particles with Atomic Force Microscopy (AFM), we evaluated the microregional
density of HER family receptors. We discovered that co-expression of HER2 and HER3 (as seen in AU565 cells) actually
interferes with receptor clustering compared to single-receptor overexpressing cells (SKOV3 or MCF7). This provides critical
data for predicting the efficacy of Trastuzumab and related ADCs.

Oxygen Sensing: We developed a novel oxygen sensor by encapsulating phosphorescent Ir(ppy)s within biocompatible
MPC polymer micelles. This sensor revealed that high-glucose environments suppress the metabolic oxygen demand of

immune cells (NK92-CD16), offering a platform to evaluate intracellular oxygen dynamics and metabolism.

3. Analysis of Tumor Drug Uptake Capacity

We investigated how angiogenesis inhibitors promote "change of vascular structure " rather than just inhibiting vessel
formation. Using synchrotron X-ray CT and fluorescent nanoparticles, we confirmed that suppressing disordered angiogenesis
improves blood flow, modulates interstitial fluid pressure, and enhances immune cell infiltration. These findings identified

new pathological mechanisms that are valuable for the development of more effective inhibitor-based combination therapies.

Conclusion
This research has yielded substantial data through the integration of X-ray and fluorescence methodologies. These results
provide a quantitative framework for evaluating pathological conditions and drug uptake, and we are currently advancing
these integrated analyses to further enhance imaging technologies that support the drug discovery process.
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