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Summary

In this study, we propose an inexpensive diagnostic device composed of multiple spongy monoliths
(SPMs) as an alternative to the enzyme-linked immunosorbent assay (ELISA), which is mainly used for
existing disease diagnosis. Currently, ELISA is the most general-purpose method mainly used for disease
diagnosis. The global market in 2019 is about 20 billion yen and is expected to reach 25 billion yen in 2026
(360 Research Reports, https://www.360researchreports.com/). The purpose of this study is to create a new
diagnostic tool to replace ELISA. Although ELISA has high selectivity for a specific component and enables
rapid detection, multi-component detection is impossible in principle, and it is susceptible to interference by
the sample matrix. The SPM device of the present proposal can simultaneously concentrate and detect multiple
components, and can selectively concentrate / detect each target substance, so it is excellent in quantification
even for trace components. It can also be used as a pre-analysis device such as a mass spectrometer (MS) as a
high-sensitivity analysis method, achieving high throughput in terms of analysis time and cost. There is no
device development example with the above advantages, and the range of applications when it is realized is

very wide.

For the objectives above, we investigate the following subjects.
1) Investigation of disease markers and determination of antibodies to be detected

Among autoantibody diseases, we investigate existing detection methods for disease markers
belonging to collagen disease and the mechanism of antigen / antibody reaction, and narrow down the target
antibodies in this study. Also, we determine the target disease for the final proof of concept.
2) Development of target antibody-enriched SPM substrates

As a preliminary study for the selective capture of the target antibody in 1), we prepare an SPM in
which a general immunoglobulin series antigen is immobilized and evaluate its function. In addition, SPMs
for multiple target antibodies are prepared and adsorption / desorption conditions are determined.
3) Development of detection method using SPM integrated devices

We improve the SPM parallelization device manufactured in the first year and create a new device
that can freely control concentration, cleaning, and recovery. In addition, a concentration device / HPLC
system is constructed by manufacturing a multifunctional valve that can be connected to a general-purpose
HPLC system. Finally, we will complete the device containing multiple SPM substrates prepared in (2) and

prove the concept of this proposal using simulated samples.

From the above research themes of the final year, we have set them as the final goals.

Determination of marker antibody by needs survey and SPM function evaluation, determination of
diagnostic disease by combination of marker antibodies, SPM production and evaluation of the
immunoglobulin family, selective enrichment of target antibody by novel SPM, fabrication of SPM device
with controllable liquid feed, were achieved within the research period.

But, selective enrichment of target antibody by novel SPM, regarding this matter, we will complete
SPM for multiple antibodies while continuing to examine the conditions for adsorption and desorption of SPM
for myositis marker antibodies. Also, simultaneous concentration of multiple target antibodies and
quantification by HPLC, regarding this case, the concept of simultaneous concentration was proved, but the
overall miniaturization and evaluation of the actual sample remain. In the future, we will promote the

optimization of the system based on needs through joint research with clinicians.
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