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Adoptive cancer immunotherapy, in which T cells that specifically recognize tumor cells are prepared in vitro
and infused back into the patient, has already achieved remarkable clinical efficacy in several types of cancer.
However, adoptive immunotherapy against solid tumors has not been successful in inducing durable clinical
response. Infused antitumor T cells undergo progressive differentiation as well as exhaustion, which emerges as
loss of long-surviving capacity and effector functions. Terminally differentiated and exhausted antitumor T cells
possess epigenetic profiles distinct from those before infusion, which underlies treatment failure. We hypothesized
that modulation of key epigenetic factors related to T cell differentiation and exhaustion can suppress T cell

dysfunction and contributes to improving durable therapeutic efficacy in adoptive immunotherapy.

(i) Exploration of epigenetic genes related to T cell differentiation and exhaustion

We explored key epigenetic factors associated with T cell dysfunction accompanied by repeated antigen
exposure. The CD19-targeting CAR-T cells were individually treated with specific inhibitors against epigenetic
enzymes or ablated with epigenetic genes which are upregulated in terminally exhausted T cells (Figure 1). As
shown in Figure 2, we found that genetic knockout of gene A significantly augmented maintenance of an early
memory phenotype as well as cytokine-producing capacity in the repeatedly stimulated CAR-T cells compared

with the control T cells. These results were validated using multiple donor samples.
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(ii) Evaluation of in vivo antitumor effects using multiple mouse tumor models

We evaluated the effect of gene A knockout on CAR-T cell functions in vivo. When adoptively transferred into
tumor-free NSG mice, the gene A-ablated CAR-T cells persisted significantly better than the control T cells and
induced xenogeneic GVHD at later time points, confirming that the gene-modified T cell have acquired young
memory T cell properties (Gattinoni et al. Nat Med 2011).



We then assessed the in vivo antitumor response by gene-modified CAR-T cells. First, we confirmed that the
CD19-targeting CAR-T cells ablated with the gene A accomplished significantly better therapeutic efficacy in the
NALM®6 leukemia model. We also confirmed that the gene A-knockout CAR-T cells targeting Mesothelin were able
to control progression of the subcutaneously injected solid tumor significantly better than the control CAR-T cells
(Figure 3). Importantly, analysis of the intratumoral CAR-T cells showed that the gene-modified CAR-T cell retained
an immature memory phenotype compared with the control CAR-T cells, suggesting that the acquisition of long-
surviving capacity resulted in better antitumor response.
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(iii) Gene expression and epigenetic profiles induced by genetic modification

We analyzed gene expression changes in CAR-T cells induced by the gene A knockout using RNA-seq.
Unsupervised clustering of differentially expressed genes demonstrated that the knockout CAR-T cells formed a
cluster different from the control CAR-T cells regardless of different donor samples (Figure 4). In individual genes,
the gene A-deficient CAR-T cells possessed increased expression of key memory genes such as TCF7, LEF1,
CCRY7 and IL7RA. We also performed ATAC-seq and identified that gene A ablation induced epigenetic changes

in more than 7,000 genomic regions, including the promoter regions of the above memory genes.
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These results collectively show that genetic knockout of the gene A improves long-term therapeutic efficacy of

antitumor T cells. Our findings can be applicable in any type of adoptive immunotherapy regardless of the target
antigen.




