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In advanced drug development and pathological diagnosis, the demand for obtaining three-
dimensional information. This shift from traditional staining and observation of tissue sections
to clearing and 3D imaging is especially anticipated for imaging entire mouse organs, like the
brain and kidneys, and acquiring the 3D structural information of organoids. CUBIC
technology which is one of the most famous tissue-clearing method, allows for the safe clearing
of centimeter-sized organs while preserving fluorescent protein signals, offering a broader
application range in basic and drug discovery research compared to other clearing techniques.
Its advantages include suitability for large-scale research without organic solvents and reduced
effort for solution exchange during immunostaining. Therefore, enhancing the clearing
technology using CUBIC, developing and refining 3D immunostaining techniques, and building
data analysis platforms are crucial for future drug discovery research. As a promising academic
technology seed, we aim to establish a unique "technology platform for evaluating the
localization and biological responses of pharmaceuticals on a whole-organ, whole-body scale."
This involves four technological developments: 1) accelerating and enhancing tissue 3D staining
technology, 2) further accelerating and enhancing clearing technology, 3) constructing an organ
single-cell resolution atlas, and 4) building a database for mouse whole-brain drug responses.

In accelerating and enhancing tissue 3D staining technology, we developed a screening
system to evaluate antibody penetration. From a library of over 1600 compounds, we identified
approximately 500 that do not affect fluorescent protein signals. Among these, six compounds
significantly improved antibody penetration. This allows for higher antibody concentrations
without increasing the actual amount used, achieving high penetration and signal-to-noise ratio.
This method, named CUBIC-HVZ2, 1s twice as fast as the conventional CUBIC-HV and allows
for simultaneous nuclear staining, significantly reducing clearing and staining time.

For further enhancement of clearing technology, we developed reagents with higher
defatting effects than conventional ones using pig brain white matter. Additionally, we
enhanced refractive index matching reagents by adding high-refractive index additives with
high collagen affinity. These new reagents enabled high transparency in previously difficult
tissues, like pig brain slabs.

In constructing an organ single-cell resolution atlas, we developed a large, high-
resolution light sheet microscope. Using this, we obtained high-resolution images of mouse
kidneys and rat brains, determining the exact coordinates of all cells and creating a whole-
organ, whole-cell atlas. For example, a detailed single-cell analysis of mouse kidneys treated
with cisplatin revealed significant cell number reduction in the cortex. We also quantified cell
number changes in mice of different ages, discovering varied rates of increase in different
regions.

For the mouse whole-brain drug response database, we visualized neural activity using
anti-c-Fos antibodies with CUBIC-HV2. We created a circadian rhythm database by sampling
mouse brains every four hours under dark-dark condition. This showed significant c-Fos-
positive cell oscillations in various brain regions, suggesting the importance of drug
administration timing. We also imaged c-Fos-positive cells after administering ten different
drugs. For example, caffeine administration significantly increased c-Fos-positive cells in the
cerebral cortex and olfactory bulb.



