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Background

Clinical applications of stem cell therapy are being realized in various fields. In particular, Kyoto University was the first in
the world to initiate an investigator-initiated clinical trial for allogeneic pluripotent stem cell (PSC)-based cell therapy for
Parkinson's disease. In this therapy, mesencephalic dopaminergic (mDA) neural progenitors are differentiated from PSCs
and used as donor cells. The quality control of donor cells is the key to success in cell therapy, as the cell quality often varies

from lot to lot even when the same cell line and protocol are used.

Objectives

This study focused on biomarkers secreted into the culture medium during the production of donor cells to be used in cell
replacement therapy for Parkinson's disease. It developed a technology to non-invasively monitor the differentiation status
of donor cells in real-time. This technology is expected to increase production efficiency as well as to improve safety since

the cell status can be frequently examined without sacrificing the cells.

Qutline and result of the research project

Taking advantage of the international collaboration framework, we aimed to obtain more robust and versatile data. The cell
lines, the differentiation protocols of mDA neural progenitors from pluripotent stem cells, and the analysis methods were
brought together both from Japan and U.K. Two strategies were used to identify candidate secreted protein markers: first,
the candidates were predicted from existing gene databases and publications, and second, an unbiased screening analysis
using mass spectrometry of the culture medium supernatant.

Samples used for mass spectrometry included not only the target mDA cells but also medium supernatants from
undifferentiated stem cells, non-optimized mDA cells, cortical neural progenitors, and striatal neural progenitors as control
groups to identify mDA-specific secreted proteins. A large number of culture medium supernatant samples were prepared
in both U.K. and Japan with various combinations of cell lines, protocols, and collection timings, and then sent at Kyoto
University to perform quantitative mass spectrometry. By the analysis, we got a large list of peptides secreted into the culture
medium supernatant over time during mDA differentiation culture. By establishing an algorithm to narrow down the list,
we finally identified about 20 highly specific marker peptides for differentiating mDA neural progenitors. The candidate
markers included those that could be expected from existing gene databases and published reports.

Several candidate markers were confirmed to be specifically detected in conditioned medium by ELISA and multiplex assay,
and correlated with the cell profiles (estimated by the expression of representative mDA transcription factors such as
LMXI1A, FOXA2, OTX2). Single-cell RNA-seq analysis also demonstrated the specificity of these candidate markers. In
the future, we need to investigate candidate markers for which little information is available so far.

Now we are conducting an in vivo experiment to correlate the expression of these candidate proteins with the results of
mDA progenitor cell transplantation to demonstrate their usefulness as monitoring markers in the cell manufacturing process.
In addition, many of the candidate factors obtained have yet to be elucidated the functional roles in the cell differentiation
culture process or brain development. Further functional analysis of the candidate proteins may lead to the link to Parkinson's

disease.



