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Most of the human autoimmune diseases are polygenic disease and many
genetic polymorphisms are involved in the development and progression of
the disease. Thanks to the recent advancement in the genetic engineering,
many genes have been identified and their functions in the immune system
have been vigorously analyzed. However, it is largely unknown which genes
are really involved and how multiple genes collaborate in the regulation of
autoimmune diseases. We are trying to identify autoimmune susceptible
genes comprehensively by genetically dissecting autoimmune susceptible
mice and analyze their synergistic function to fully understand the molecular

mechanisms of immunological tolerance.
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The aim of our laboratory is to understand the mechanism of carcinogenesis,
and develop novel molecular-targeting anti-cancer drugs. Toward this goal, we
have been analyzing the comprehensive genome analyses in various cancers,
and identified several cancer-specific functional molecules that are involved in
carcinogenesis. In the past year, we have achieved the important accomplish-
ments that is identification of cancer-specific protein BIG3 and the tumor
suppressor PHB2 complex play a pivotal role in estrogen-signalling modulation
in breast cancer. More importantly, the specific disruption of this interaction leads
to the inhibition of estrogen-signallings driving the growth of breast cancer by
reactivating PHB2 tumour suppressive activity. Thus, the regulation of estrogen-
signalling by targeting the BIG3—-PHB2 interaction introduces a new potential
therapeutic approach for endocrine-resistant tumors. Our findings imply cancer-
specific functional molecules identified through comprehensive genomic
analyses to be a promising target for development of novel anti-cancer drugs.
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Endoplasmic reticulum (ER) is the site of synthesis and folding of secretory
proteins. Perturbations of ER homeostasis affect protein folding and cause
ER stress. ER can sense the stress and respond to it through gene
expression program so called ER stress response. ER stress response is
important for normal cellular homeostasis and development and suggested
to involve in the pathogenesis of many diseases. The long-term goal of our
research is to understand the role of ER stress response in metabolism
regulation and to integrate these into an understanding of the pathogenesis
of diabetes and other ER stress-related diseases.
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Recent studies revealed that mitochondria are functioning not only as a major
site of cellular energy conversion but also as a regulatory site of cell death.
Therefore, the studies on mitochondrial structure and function are important for
considering the strategies of future remedies against various diseases. In our
laboratory, we are studying 1) release of proteins from mitochondria caused by
induction of mitochondrial permeability transition, 2) structure and function of
voltage dependent anion channel (VDAC) and canitine palmitoyltransferase1
(CPT1) in the mitochondrial outer membrane, and 3) structure and function of

solute carriers in the mitochondrial inner membrane.
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The goals of our laboratory are to understand molecular mechanisms and to
develop therapeutic strategies of human disorders. Recent studies from our
laboratory indicate that the signal transducer and activation of transcription (STAT3)
molecule contribute to the pathogenesis of multiple common human diseases,
including atopic dermatitis, Staphylococcus aureus infection, and osteoporosis.

Ongoing studies are examining the influence of host genetic factors and
environmental agents on the development and resolution of these disorders. The
findings of these studies will provide the potential to identify novel therapeutic

targets to limit allergic, infectious, and bone diseases.
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T cell repertoire formation in the thymic microenvironments

During development in the thymus, newly generated repertoire of diverse TCR-af3
recognition specificities in immature T cells is selected to form the functionally
competent and self-tolerant repertoire of mature T cells. Positive selection
supports the survival of potentially useful self-MHC-restricted thymocytes upon
low-affinity TCR engagement, whereas negative selection deletes potentially
harmful self-reactive thymocytes upon high-affinity TCR engagement. Recent
advances in the biology of thymic non-hematopoietic cells have indicated that
proximal interplay among developing T cells, dendritic cells, and medullary epithe-
lial cells that promiscuously express tissue-specific self-antigens is essential for
the establishment of self-tolerant TCR repertoire and the generation of regulatory
T cells. It has also been revealed that the formation of immunocompetent TCR
repertoire requires positive selection by thymic cortical epithelial cells that express
unique protein degradation machineries, including the B5t-containing thymopro-
teasome. These results suggest the vital role played by self-peptide repertoires
specifically expressed by multiple thymic microenvironments in the development
of functionally competent and self-tolerant T cell repertoire.
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