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Measurement of multidimensional chemical distribution information (M2CDI) is important to obtain
chemical information from biological tissues, which contain multimolecular crowding systems, for the
advancement of science-based disease research, prediction, and prevention. M?*CDI using mass spectrometry
enables imaging of the distribution of multiple chemical components in a sample by measuring the mass
information of molecules in a small area. In this project, we developed elemental technologies to expand the
extraction-ionization method "tapping-mode scanning probe electrospray ionization (t-SPESD" to medical
analytical devices. We also conducted M?>CDI of human dilated cardiomyopathy tissue and feature extraction
to understand the disease status.

<2020> M2CDI of dilated cardiomyopathy tissues (3 patients) was performed using the conventional t-
SPESI measurement system, and the existence of widely distributed lipids and localized lipids in the tissues
was found. The distribution of localized lipids was correlated with the Oil Red O stained tissue, which were
found to be triacylglycerols based on mass spectral analysis. In collaboration with the participants of the
project, the design of the specimens to be examined in 2021 was determined. As the development of elemental
technologies for the new measurement system, we developed high-speed vibration stabilization technology
for t-SPESI probes, stable solvent supply technology, and fabrication technology for probes. The new
measurement system has improved the mass resolution, which enables highly accurate and sensitive
measurement of ion peaks.

<2021> In order to investigate the relationship between their physicochemical properties and lipid imaging,
t-SPESI was performed using N,N-dimethylformamide (DMF)/methanol mixture, DMF and methanol,
respectively. M?CDI of mouse brain tissue sections revealed that the mixed solvent produced the greatest
number of ion species and increased the signal intensity of many ion species. With DMF, the signal intensity
of about 50 % of the ion peaks was greater than that of the mixed solvent, but the spatial resolution of the
imaging was found to be reduced. On the other hand, the mixed-solvent and methanol solvent imaging clearly
captured the structure of nerve fiber bundles and lipid distribution in the hippocampus of mouse brain tissue
sections. To achieve high spatial resolution imaging with t-SPESI, it is important to consider the
physicochemical properties of the solvent, and the mixture was found to be suitable for efficiently performing
both the extraction and ionization processes.

M?2CDI of human dilated cardiomyopathy tissue was performed. All five patients underwent implantation
of a ventricularly assisted device (VAD) and subsequent heart transplantation. Three of the five patients
showed no reverse remodeling associated with VAD implantation, and two were determined to have reverse
remodeling. The regions of interest were defined as the areas where nonlocalized and localized lipids were
distributed, respectively, and a principal component analysis of the averaged mass spectra was performed.
As a result, clear characteristic trend was not observed from the score plots of localized lipids. On the other
hand, the score plots of the nonlocalized lipids revealed results that reflect changes during the treatment
process of the patients. The results suggested that multivariate analysis of the nonlocalized phospholipids
would be used to understand the changes of disease status.

The representative person participated in educational programs from development support organizations.
The representative person understood the importance of comprehensive verifications (needs assessment,
marketing strategy, IP strategy, business strategy) to realize social implementation. To assess needs,
interviews with medical researchers were conducted, which led to starting new collaborative research

projects. The t-SPESI measurement system developed in this project will be used to investigate M>CDI and



feature extraction of diseased tissues in different organs. The effectiveness of this measurement technology

as a medical device will continue to be verified.



