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(Y& #BE) Establishment of deeply penetrating photoacoustic imaging technology based on

functional probes: design and synthesis of activatable probes and development of in vivo

imaging technology
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+ Development and evaluation of broadband sensor with multispectral excitation

* Optimization of method to distinguish from background signals

+ Establishment of in vivo imaging system
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To establish deeply penetrating photoacoustic (PA) imaging technology for valuable clinical cancer detection such
as sentinel lymph node metastases, we are designing and synthesizing activatable PA probes and developing imaging
technology to visualize the activatable PA probes.

PA imaging, which has overcome the drawback of pure optical imaging because ultrasonic waves are less scattered,
has the advantage of deep imaging. However, a useful PA probe has so far not been invented. Here, we succeeded in
developing activatable PA probes to increase detection sensitivity of deeply penetrating cancer.

The Urano group achieved multiple activatable PA probes using small organic molecules based on the rational
design strategy. Three optical scaffolds whose excitation wavelength ranges from 520 to 640 nm were successfully
developed, and based on these, corresponding GGT-activatable probes were developed. Their functions were proved
with living cultured cells, as well as tumor-dissemination models in the peritoneal cavity and subcutaneously
inoculating tumor models where rapid imaging of tiny tumors in vivo could be achieved.

The Teranishi group synthesized plasmonic gold nanoparticles (Au NPs) with a variety of sizes and surface ligands,
and developed the Au NP-based probes with an optimized surface coverage of PEG molecules for cell uptake. We
demonstrated that the anionic Au NPs aggregated in the cultured cells and mouse model, leading to a spectral
broadening with a large red-shift.

We developed an in vivo multispectral PA imaging system that can be applied in aqueous solutions, cultured cells,
mouse models and clinical specimens. By using the developed multispectral system, the spectrally resolved PA signals
in the aqueous solutions of both organic small molecules and Au NPs completely agreed with absorption spectra
measured by spectrometer. Thus, spectral unmixing can be applied to distinguish the probe signal from the
background signal based on the spectra.

The Urano group’s organic small molecule probes have the capability to produce both PA and fluorescence signals
allowing for comparison between PA and fluorescence images, and we consequently evaluated the performance and
efficacy of the developed PA system.

Our three groups, revealed three major joint research achievements: 1) the process of activation were verified that
the intensity of the photoacoustic signal increased with time, corresponding to the degree of activation of the
synthesized probes; 2) in the case of the mouse model, in vivo tumor detection was demonstrated successfully using
the synthesized probe for both organic small molecules and Au NPs; 3) using resected specimens, the distribution of

probe signals were corresponded with pathological mapping of cancer.
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