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II. Summary of Research and Its Significance

This project, entitled ” Development of Engineered Regulatory T cell product and clinical immune
rejection monitoring tools from clinical liver transplant tolerance patients for future precision
medicine,” aimed to establish a next—generation regulatory T cell (Treg)-based therapeutic strategy
to minimize long—term immunosuppressive therapy in liver transplant recipients. Long—term
administration of immunosuppressive agents is associated with severe adverse effects, including
opportunistic infections, malignancies, and chronic kidney disease. Therefore, the development of
immune tolerance—inducing therapies and precision immunomonitoring tools is of considerable
clinical importance

First, to elucidate the mechanisms underlying transplantation tolerance, comprehensive analyses of
liver allograft biopsy specimens and peripheral blood samples obtained from long—term liver
transplant recipients were performed. Multiplex immunohistochemistry and single—cell RNA sequencing
analyses demonstrated that graft—infiltrating Treg cells play a pivotal role in maintaining local
immune homeostasis in tolerant grafts. In contrast, Treg cells infiltrating rejecting grafts
exhibited features associated with functional exhaustion, suggesting that both functional stability
and tissue adaptability of Treg cells are essential for long—term immune tolerance

Based on these clinical findings, mechanistic studies were conducted to identify molecular pathways
regulating Treg cell stability, tissue adaptation, and migratory capacity. These studies revealed
key molecular networks involved in the maintenance of Treg identity and adaptation to inflammatory
tissue environments. The knowledge obtained from these studies provided the scientific basis for
the design of a novel engineered Treg product

Integrating clinical and basic findings, we established the design concept of a next—generation
engineered Treg product, designated ACE-Treg, which is characterized by enhanced tissue
adaptability, sustained suppressive function, and improved tissue—homing capacity. Gene transfer
technologies for human peripheral blood-derived Treg cells were established, together with small-
scale manufacturing procedures and functional evaluation systems.

The therapeutic efficacy and safety of ACE-Treg cells were subsequently evaluated in multiple
nonclinical models. In humanized xenogeneic graft—versus—host disease (xeno—-GVHD) models, ACE-Treg
cells exhibited superior migration into inflamed tissues and enhanced immunosuppressive activity
compared with conventional Treg cells. No significant toxicity or abnormal proliferation was
observed, supporting the safety profile of the product. Additional studies using murine
transplantation models further demonstrated the ability of engineered Treg cells to accumulate
within graft tissues and suppress allograft rejection. Optimization studies regarding dosing
schedules, cell kinetics, tissue distribution, and preconditioning regimens were also performed

To support personalized immunosuppressive minimization, immune monitoring technologies and
biomarker discovery studies were conducted. Candidate biomarkers associated with immune tolerance
and rejection risk were identified using peripheral blood samples from liver transplant recipients
Furthermore, genetic analyses were performed to identify tolerance—associated polymorphisms that
may contribute to patient stratification in future clinical applications

Finally, substantial efforts were devoted to establishing translational and commercialization

platforms. Manufacturing processes using closed automated cell-processing systems were optimized,
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and quality control/quality assurance strategies suitable for first—in—human (FIH) studies were
established. PMDA regulatory consultations were conducted to facilitate future clinical
development. In parallel, intellectual property analyses and competitive landscape assessments were
performed, resulting in the establishment of a comprehensive intellectual property portfolio and
the filing of the first patent application in March 2026

Collectively, this project established the scientific, technological, and translational foundation
for next—generation engineered Treg therapy aimed at personalized minimization of immunosuppressive

drugs in liver transplantation, thereby providing a major step toward future clinical application.



