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We conducted following research in 2016.
(1) Establishing a method to convert effector / memory T cells to Tscm and its application to antitumor
immunity
Our goal is establishing the method to reprogram activated effector T cells and memory T cells to naive T cells.
Such antigen specific T cells are ultimate cell therapy for treating immunological disorders including autoimmune
diseases and cancer. In this study, we aimed to develop a method of resetting differentiation. by cultivating
activated effector T cells and memory T cells under various culture conditions.
Nerve CD4* T cells and CD8* T cells isolated from IFNy-reporter mice or IL-17-reporter mice were activated, then
co-cultured with OP9 cells expressing Notch ligands (OP9-DL1). The T cells proliferated and showed CD44 'ow
CD62 L"9" naive T cell-like phenotypes. The naive-like T cells induced in this experimental system expressed
cytokine receptors and co-stimulatory molecules as seen in activated T cells, however their size was smaller like
naive T cells. In vitro, the naive-like T cells showed faster response to TCR stimulation than naive and activated/
memory T cells, and had higher cytokine producing ability. Naive-like T cells also have high self-propagating
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ability and longevity compared with naive T cells and memory T cells. Such properties are similar to those of
recently proposed “stem cell-like memory T cell” (Tscm). Therefore, this cell was termed an inducible Tscm
(iTscm) cell. The advantage of iTscm is that (1) co-culture with OP9-DL1 increases the number of cells by 4 to 5
times. (2) iTscm cells rapidly proliferate in response to secondary TCR stimulation. (3) Cells expanded by TCR
stimulation retain the properties of the original Th subset. (4) T cells expanded after antigen stimulation survive for
a long time. From these properties, iTscm cells can be expected to enhance immune memory responses, eg,
enhancement of vaccine effects and enhancement of antitumor immunity. In fact, iTscm of both CD8 and CD4 cells
showed superior antitumor effects to other T cell subsets when they transferred into tumor bearing mice.
Furthermore, we found that Tscm can be induced from human peripheral blood memory T cells. After amplifying
the EB virus-specific memory T cells from human peripheral blood, the CCR7'®" CD45RA*" CD45RQ" 9" effector
T cells were co-cultured with OP9-hDL1. ilTscm cells appeared in the CD45RAMI CD45ROM 9 naive fraction.
Human iTscm cells showed higher division ability, viability and cell-killing effect for EB-infected cells than normal
memory T cells. These results will be published in Nature Communications.

(2) Establishment of Foxp3 gene specific DNA demethylation method and its application to therapy

The regulatory T (Treg) cells can be induced from naive T cells by the action of TGFp in vitro, which are called
induced Treg (iTreg) cells. However, it has been reported that iTreg cells easily lose the expression of Foxp3, the
master gene of Treg, and thus its immunosuppressive effect is limited when iTreg cells were transferred into the
body. In order to obtain safe and stable results in the treatment of various immune diseases, it is indispensable to
develop a method for stable expression of Foxp3 in iTreg cells. In the stable nTreg cells derived from the thymus,
the CpG islands in the CNS 2 region, one of Foxp3 enhancers, are completely demethylated, and this demethylation
is important for stable expression of Foxp3. Thus, we focused on the DNA demethylating enzyme, TET (ten-eleven
translocation), and the enzyme catalytic domain of TET (TET-CD) was introduced into the primary T cell. First, as
a method of inducing gene-specific DNA demethylation, we fused TET-CD to CRISPR-dCas9 which lacks DNA
cleavage activity but binds to DNA, then introduced the fusion gene into cultured and primary T cells. Although we
successfully introduced partial DNA demethylation specifically in the CNS2 region of the Foxp3 locus in a cultured
cells, the efficiency of introduction into primary T cells was less than 5% (Epigenetics & Chromatin in press). Thus,
we could not use this system for therapeutic examination. Fortunately, DNA demethylation of Foxp3-CNS2 was
observed just by overexpression of TET-CD. While no significant enhancement of demethylation was confirmed in
the CpG islands of various iTreg-related genes (GITR, CTLA4, Eos). Expression of Foxp3 was significantly
maintained in TET-CD gene-introduced iTreg even under Thl induction conditions. In addition, transfer experiment
into Rag2”- mice revealed that the expression of Foxp3 was stable in TET-CD expressing iTreg even in vivo. In
addition, the TET-CD gene transduced iTreg significantly inhibited the inflammatory bowel disease (IBD) model in
mice. These results indicate that it is possible to stabilize the expression of Foxp3 in iTreg cells and enhance their
suppression activity through demethylation of the Foxp3-CNS2 region by introducing the TET enzyme catalytic
domain into the iTreg cells.
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