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In this study, we aimed to improve the efficacy of chimeric antigen receptor (CAR)-engineered T cell therapy by enhancing
the self-renewal ability of CAR-T cells through genetic modification of epigenetic factors, thereby achieving massive
amplification of CAR-T cells while maintaining the undifferentiated memory state. We have recently identified that genetic
ablation of the PRDM1 gene helps to maintain an undifferentiated memory phenotype. Based on this finding, we further
focused on the PRDM 1-realted factors to find an optimal combination for genetic modification.
First, in the first year, we conducted a detailed analysis of CAR-T cell function following PRDM1 knockout. We have
confirmed that PRDM1 knockout by CRISPR/Cas9 in anti-CD19 CAR-T cells leads to extensive changes in gene
expression and epigenomic profiles by RNA sequencing and ATAC sequencing. We also found similar effects of PRDM1
knockout in CAR-T cells against mesothelin and GD2, which are representative target antigens for solid tumors. In addition,
we investigated the therapeutic efficacy of PRDM1-knockout CAR-T cells in multiple tumor models targeting the above
antigen and showed their superior long-term survival capacity and sustained anti-tumor effects compared to control CAR-T
cells. Moreover, we also confirmed similar functional improvements upon PRDM1 knockout in TCR-T cells and tumor
infiltrating lymphocytes (TILs). These findings were published in a peer-reviewed paper (Yoshikawa et al. Blood 2022).
On the other hand, through analysis of PRDM1-knockout CAR-T cells at the tumor site in solid tumor models, we found
that PRDM1 knockout did not prevent CAR-T cell exhaustion. The expression levels of the transcriptional regulators TOX
and TOX2 were elevated in PRDM 1-knockout CAR-T cells compared to those in control CAR-T cells, suggesting that
further modifications to confer resistance to exhaustion are necessary in addition to PRDM1 knockout, especially in the
context of the solid tumor treatment. Focusing on the epigenetic factors involving PRDM1 (Blimp-1), we examined the
effects of individual gene knockout of the component factors. We demonstrated that the knockout of gene A contributed to
the maintenance and amplification of stem cell-like memory T cells. Simultaneous knockout of PRDM1 and gene A by the
CRISPR/Cas9 system further enhanced the maintenance of the undifferentiated memory phenotype in CAR-T cells without
affecting T-cell proliferation. Surprisingly, we also confirmed that the cytotoxic activity, which is reduced by PRDM 1
knockout, is rather restored to levels comparable to the control CAR-T cells by additional knockout of the gene A. An in
vivo model to treat CD19+ leukemia cells using anti-CD19 CAR-T cells demonstrated improved therapeutic efficacy of the
double-knockout (DKO) CAR-T cells. The DKO CAR-T cells persisted in the peripheral blood significantly better than
control or single-knockout CAR-T cells.
We also analyzed gene expression profiles orchestrated by DKO CAR-T cells. RNA sequencing analysis revealed that the
knockout of gene A formed distinct gene expression profiles from control and PRDM1 single-knockout CAR-T cells. Gene
set enrichment analysis (GSEA) using the memory-associated gene set showed a trend toward increased expression of the
memory genes in DKO CAR-T cells compared to PRDM1-knockout CAR-T cells. We also analyzed epigenetic profiles by
ATAC sequencing. Interestingly, the gene A knockout did not induce a marked change in chromatin accessibility compared
to control CAR-T cells. These results suggest that the primary consequence of the gene A ablation is to alter gene expression
profiles rather than to remodel the epigenetic architecture.
Throughout this study, we extensively used CRISPR/Cas9-mediated gene knockout in cultured T cells. Although there is no
established method for determining the optimal guide RNA sequence for efficient knockout in cultured T cells, we found
that the epigenomic profile of T cells significantly affects the knockout efficiency. By combining this epigenetic score with
the available prediction algorithms based on the sequence patterns, we established a novel algorithm to identify efficient
guide RNA sequences for optimal gene editing (Ito et al. Nucleic Acid Res 2024).
We also examined the effect of double knockout in CAR-T cells against GD2, one of the promising target antigens in solid
tumors. DKO CAR-T cells against GD2 did not show a marked therapeutic advantage compared to control CAR-T cells
when analyzed in the NALM6-GD2 tumor model. Nevertheless, we observed a significant reduction of the tumor burden in
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the mice treated with DKO CAR-T cells compared to those treated with control CAR-T cells. Autopsy analysis of relapsed
NALMO6-GD2 cells showed diminished GD2 expression, suggesting that the escape mechanism by CAR-T cells through
downregulation of the target antigen was the main cause of the relapse. These results indicate that the gene A and PRDM1

knockout can enhance the antitumor efficacy of CAR-T cells against solid tumors.



