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This study aimed to establish a comprehensive evaluation platform for cellular immune responses
induced by infectious disease vaccines, particularly LNP-mRNA vaccines, focusing on both on-
target efficacy and off-target toxicity. Across FY2023-FY2025, mixed lymphocyte reaction (MLR)
assays, Molecular Imaging—Flow Cytometry (MI-FCM), human tissue/cell panels, and +1 frameshift
mRNA models were integrated to develop a draft guidance for nonclinical cellular immunity
evaluation of infectious disease vaccines

In FY2023, methods for evaluating vaccine—induced cellular immunity were established using live
attenuated poliovirus vaccines and LNP-mRNA formulations. CD8-positive T cells collected from
immunized mice demonstrated cytotoxic activity against antigen—presenting target cells in MLR
assays, confirming induction of cytotoxic T lymphocytes (CTLs). Simultaneously, off-target
evaluation systems were explored by assessing cross-reactive cytotoxicity against non—-infected
human cells. Species barrier-related cytotoxicity observed in mouse—human co—culture systems
highlighted the necessity of alternative assay strategies. Fundamental studies of immune synapse
formation were also initiated to support future MI-FCM-based rapid cellular immunity analyses

In FY2024, rapid and highly sensitive systems for evaluating both intended (on-target) and
unintended cross—reactive (off-target) cellular immunity were further developed. Studies using
live vaccines suggested that cellular immunity evaluation should account for viral tropism,
replication characteristics, species differences, and administration routes. Furthermore,
investigations of the mRNA vaccine BNT162b2 suggested the possibility that modified nucleic acid-
derived +1 frameshifts may generate aberrant proteins functioning as neoantigens. Therefore, +1
frameshift mRNA-LNP model vaccines were designed, and ELISPOT assays using neoantigen peptide
pools were performed. MI-FCM analyses demonstrated immune synapse formation in MLR—positive
samples, supporting the applicability of MI-FCM as a rapid cellular immunity evaluation platform.
In parallel, a human tissue/cell panel comprising 18 major organs and tissues was established
based on FDA tissue/organ panels to support off-target toxicity evaluation.

In FY2025, all previously established technologies were integrated to finalize a draft guidance
for evaluation of cellular immune responses to infectious disease vaccines. Using +1 frameshift
mRNA model vaccines, MLR assays demonstrated increased LDH release, while MI-FCM analyses
revealed immuno—capping formation and enhanced immune synapse formation, confirming CTL
induction. ELISPOT analyses further suggested that +1 frameshift events occurring in vivo could
generate neoantigens recognized by the cellular immune system. Moreover, cross-reactive CTL
responses and increased effector—-target cell adhesion were observed, suggesting the possibility
of off-target cellular immune reactions. Homology analyses additionally indicated partial
sequence similarity between +1 frameshift—derived neoantigens and endogenous proteins.

Collectively, these findings suggest that frameshift—derived neoantigens generated by mRNA
vaccines may induce off-target cellular immune responses. The study therefore highlights the
importance of incorporating both on—target and off-target cellular immunity assessments, in
addition to conventional humoral immunity evaluations, into future nonclinical safety assessments

of infectious disease vaccines



