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Recent advances in biopharmaceuticals have brought dramatic changes to drug discovery and clinical
practice. Biopharmaceuticals, such as anti-TNFa antibodies in rheumatoid arthritis and immune checkpoint
inhibitors in oncology, have revolutionized treatment strategies for autoimmune diseases and tumors due to
their specificity and efficacy. Although the target molecules of these biopharmaceuticals are clear, it is still
difficult to analyze pharmacologically which tissues and types of cells are targeted in vivo and what molecular
mechanisms are at work in vivo. Therefore, it is necessary to establish a novel system to evaluate the efficacy
and pharmacokinetics of biopharmaceuticals. We have recently developed an intravital imaging system using
a multiphoton excitation microscopy. By means of this imaging system, we have investigated the in vivo
mechanisms of action and kinetics of various drugs including biopharmaceuticals and demonstrated the
potential of intravital imaging as a drug efficacy evaluation system. However, it is urgent to develop novel
fundamental technologies, such as a reproducible, unbiased and quantitative imaging system for a true drug
efficacy evaluation system. In this research project, we optimized our intravital imaging technology for in
vivo efficacy evaluation of various biopharmaceuticals, and also developed an automated quantitative
analysis and screening system for the intravital imaging-based drug evaluation. We have established several
in vivo imaging models for drug efficacy evaluation and have also developed devices for stable imaging.
Especially, we have great progress in establishing an imaging system for the lung tissue, which was difficult
to observe stably over a long period of time. The new imaging system with improved device enables us to
perform intravital lung imaging for more than one hour.

Using a novel evaluation system for biopharmaceuticals based on intravital imaging, we evaluated the
in vivo efficacy of several drugs. First, we evaluated the in vivo efficacy of JAK inhibitors, which have recently
attracted attention as novel therapeutic agents for rheumatoid arthritis. We showed that JAK inhibitors
suppress inflammatory bone destruction by inhibiting both the bone resorption ability of mature osteoclasts
and the migration of osteoclast precursor cells to the bone surface (Yari S, et al., Inflamm Regen, 2023). In
addition, we evaluated the in vivo efficacy of parathyroid hormone (PTH), which is the only bone formation
stimulants among existing osteoporosis drugs. We found that PTH induces the expression of SLPI (secretory
leukocyte protease inhibitor) through PTH receptors expressed on osteoblasts and promotes bone formation
via SLPI. SLPI promotes osteoblast differentiation and inhibits bone resorption activity of osteoclasts by
attracting osteoclasts around osteoblasts (Morimoto A, et al., Nat Commun, 2021). Because
biopharmaceuticals such as antibody drugs can be labeled with fluorescent dyes, analysis of the dynamics of
biopharmaceuticals is ideal for fluorescence imaging. We analyzed the actual distribution of fluorescent-
labeled biopharmaceuticals in vivo using the intravital imaging and demonstrated that intravital imaging is
useful for the pharmacokinetic analysis of biopharmaceuticals (Hasegawa T., et al. Sci Rep, 2020).

In conclusion, we identified the in vivo pharmacological action points of various drugs using a novel
evaluation system for biopharmaceuticals based on intravital imaging. We believe that the "in vivo
pharmacological action verification step" using the novel evaluation system established in this study would

become the de facto standard for next-generation biopharmaceutical drug discovery.



