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Summary

For the purpose of establishment of quality control strategy for therapeutic EV products, we
conducted studies for development of evaluation methods for EV-producing cell substrates and EV
products, and their pharmacological and pharmacokinetic evaluation was also performed using human
mesenchymal stem cell-derived EV as a model. In addition to these experiments, we held a working
group consisting of stakeholders from industry, government, and academia, and prepared a draft

guideline for ensuring the quality of native therapeutic EV products

(1) Quality evaluation of EV preparations

In order to characterize EV products, SE-HPLC and AEX-HPLC methods were established and applied
for size distribution and charge distribution analysis. Flowcytometry and proteomics analysis
revealed particle composition of EV samples and several marker proteins fluctuating between
manufacturing batches. Lipidomics platform was also established for comprehensive quantification
and profiling of lipids in extracellular vesicles, enabling the detection of over 200 species.
This approach revealed distinct lipid compositions associated with different purification methods
and highlighted inter—-batch variability. In addition, we searched for a new index to evaluate the
anti—inflammatory effect. CXCL10 was identified as a new indicator that can be evaluated over a
wider dynamic range. In addition, a miRNA library screening revealed that 30 types of miRNAs exert

anti—inflammatory effects.

(2) Cell substrate evaluation
This study aimed to clarify the relationship between the quality of therapeutic EV products and
the characteristics of their EV-producing cell substrates. Using single—cell RNA-seq analysis, we

identified the cell subpopulations potentially responsible for the efficacy of EVs. These findings
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will provide important knowledge for the identification of the critical material attribute (CMA)
of therapeutic EV products, i.e., the characteristics of the cell substrate that affect the function

of EVs.

(3) Pharmacological activity evaluation

This study aimed to establish a pharmacological evaluation system for hMSC-derived EVs using joint
disease models. In vitro assays using chondrocytes and macrophage-like cells were developed to
assess regenerative and anti-inflammatory effects. These systems were transferred to partner
institutions for standardized evaluation. In vivo, EVs with different purification methods were
administered in a mouse osteoarthritis model, and therapeutic effects on bone and cartilage were
quantitatively assessed. The results contribute to identifying critical quality attributes (CQAs)

and support regulatory strategies for EV-based therapeutics

(4) Pharmacokinetics evaluation

In this section, we established a labeling method of MSC-derived EVs in order to evaluate the in
vitro and in vivo pharmacokinetics of MSC—derived EVs. We have succeeded in establishing methods
to label MSC—derived EVs with fluorescent or luminescent probes. By using the labeled EVs, we have
shown that anti—inflammatory effect of MSC—derived EVs on inflammatory macrophages was exerted
through cellular uptake. Moreover, by using arthritis model mice, we found that MSC-derived EVs

exerted therapeutic effect probably through the uptake by cells in knee joint

(5) Draft guideline preparation

A working group consisting of industry, government and academia experts was organized to discuss
points to consider regarding quality assurance of exosome formulations. Based on the research
results described above and report from PMDA expert committee of EVs, “Draft Guideline for Ensuring

the Quality of Therapeutic Native EV products derived from Human Cells” was established



