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II. 成果の概要（総括研究報告） 
 

 研究開発代表者による報告の場合 
 

 研究開発分担者による報告の場合 
 

制御性Ｔ細胞（Regulatory T cell、以下 Treg と略）は、異常・過剰な免疫反応の抑制機能に特化し

たＴ細胞群であり、免疫自己寛容、免疫恒常性の維持に不可欠である。Treg は転写因子 Foxp3 を特異

的に発現し、Foxp3 の遺伝子変異は、ヒトの IPEX 症候群に見られるように、重篤な自己免疫疾患、

炎症性腸炎、アレルギーを惹起する。本研究では、Treg による慢性炎症の抑制的制御機構の解明と、

それを標的とした免疫応答の制御技術の開発をめざしている。特に、自己免疫病、臓器移植、アレル

ギー等における Treg の役割の解明と、Treg の増殖また抑制機構の強化による自己免疫、移植臓器拒絶、

アレルギーの抑制を目的とした。 
Treg 分化誘導には転写因子 Foxp3 のみでなく Treg 特異的エピゲノムの成立が必要であることを明

らかにしてきた。本年度は、Treg 発生・分化の鍵となる Treg 特異的エピゲノムの成立を発生分化の時

系列に基づいて詳細に解析し、Treg 分化に必須のエピゲノム変化を特定し、本過程成立に必要な因子

としてゲノムオーガナイザーSatb1 を同定した。Satb1 遺伝子を CD4+ T 細胞特異的に欠損したマウス

の全ゲノム DNA メチル化パターン解析、RNA 発現解析、各種ヒストン修飾パターン解析、オープン

クロマチン解析等をおこない、Satb1 に依存したエピゲノム変化を特定した。これらの結果から、Satb1
欠損は Treg 特異的なヒストン修飾パターンの低下、オープンクロマチン状態の減少、スーパーエンハ

ンサーの不完全な成立およびスーパーエンハンサーの支配下にある遺伝子群の発現低下、さらには前

駆細胞段階での Treg 分化誘導の停止を引き起こし、結果として胸腺由来 Treg 細胞の欠損による重篤

な自己免疫疾患が発症することを明らかにした。この結果は、Treg 分化誘導には転写因子 Foxp3 の誘

導のみならず、Treg 特異的エピゲノムの成立が必須であり、本過程の障害、機能喪失はヒトにおいて

も自己免疫疾患の発症原因となる可能性を示す。さらに、この結果は、Treg 分化・機能維持および炎

症病態制御の理解を進め、Treg 機能の維持、人工的 Treg 誘導、抗原特異的 Treg 細胞の誘導による新

たな炎症性疾患治療法の開発に寄与すると考える。 
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Regulatory T (Treg) cells are specialized for suppressing excessive or aberrant immune 
responses and they are indispensable for the maintenance of immunological self-tolerance and 
homeostasis. Treg cells express a specific transcription factor Foxp3 and its mutation, as seen in 
human IPEX syndrome, elicits severe autoimmune diseases, colitis and allergy. The aim of the 
intended research is to elucidate the molecular and cellular basis of Treg-mediated suppression on 
chronic inflammation, and to extend the knowledge for establishing methods and strategies to 
regulate chronic inflammatory diseases by controlling Treg cells. For this aim, we have been 
focusing our efforts to understand the role of Treg cells in autoimmune diseases, organ 
transplantation, and allergy to apply the findings to augment Treg suppressive functions to control 
pathological immune responses.  

Foxp3 has been assumed to be a Treg lineage specification factor. However, we have recently 
shown that the development of Tregs and the maintenance of their functional stability not only 
require the expression of Foxp3 but also the establishment of Treg-type DNA hypomethylation 
pattern in Treg function-associated genes, such as Foxp3, CTLA-4, GITR, and Eos. Furthermore, 
the installation of the Treg-specific epigenetic pattern is independent of Foxp3 expression. Based 
on these findings, we have extensively analyzed the kinetics of establishing Treg-specific 
epigenetic pattern from their early to late stages of Treg cell lineage specification to determine 
essential epigenetic changes and molecules required for this process. From these analyses, we 
found that Treg cells possess specific super-enhancers associated with Treg signature genes, which 
are gradually established and activated in early stages of thymic Treg cell development. 
Furthermore, we identified Satb1, a genome organizer, is required for the establishment of 
Treg-specific super enhancers and Treg lineage specification. Our whole-genome study on CD4-Cre 
Satb1 conditional knock out mice by DNA-methylation analysis, various histone-modification 
analyses, open-chromatin analysis, and RNA-seq analysis have revealed Satb1-dependent 
epigenetic changes during Treg cell development. From these results, the deficiency in Satb1 
reduces Treg-specific epigenetic changes including histone modifications, open-chromatin state, 
establishments of super enhancers as well as expression levels of genes controlled by these super 
enhancers. These reductions in Satb1 conditional knock out mice resulted in a terminated 
development of Treg cells at the precursor stage and induced severe autoimmune diseases due to a 
lack of thymus derived Treg cells. Our findings demonstrate that Treg cell lineage specification and 
development require the establishment of Treg-specific epigenetic pattern in addition to the 
induction of Foxp3. These findings have important implications for innovative strategies using 
Treg cells to treat and prevent chronic inflammation associated with immunological diseases, for 
example, by installing Treg-specific epigenome, together with Foxp3 expression, to antigen-specific 
T conventional cells for the induction of functional and stable Treg cells.  
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