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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 Satbl, a genome organizer, is required for the establishment of
Treg-specific super enhancers and Treg lineage specification. Our whole-genome study on CD4-Cre
Satbl conditional knock out mice by DNA-methylation analysis, various histone-modification
analyses, open-chromatin analysis, and RNA-seq analysis have revealed Satbl-dependent
epigenetic changes during Treg cell development. From these results, the deficiency in Satbl
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 Satbl 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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