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Outline of the research activities

We have investigated the pathogenesis of organ-specific autoimmunity, which is a prototypic chronic
inflammation, to obtain three following results.

1. In order to elucidate how the defect in Aire, a gene responsible for the hereditary type of autoimmune disease,
in medullary thymic epithelial cells (mTECs) results in the alteration of transcriptome that induces the
development of organ-specific autoimmunity, we have performed RNA-seq analysis to compare between
Aire-deficient mice and wild-type mice (both on NOD background). In addition, we have performed RNA-seq
analysis between Aire-transgenic mice (Aire-Tg) and wild-type mice hoping to identify Aire-controlled genes. We
have come up with almost thirty genes that might be important for the development of mTECs besides
tissue-restricted antigen (TRA) genes that are involved in the elimination of autoreactive T cells (negative
selection).

Because not only Aire-deficient mice but also Aire-Tg develop the autoimmunity (against muscle tissues
in this case), we have investigated the mechanisms underlying the pathogenesis in which Aire plays a role.
Aire-Tg produced normal numbers of regulatory T cells (Tregs). When Tregs isolated from wild-type NOD mice
were transferred into Aire-Tg, we have observed the amelioration of the disease. In contrast, Tregs from Aire-Tg
did not show such an effect. Because Tregs from Aire-Tg showed no obvious defect in the suppressive activity
using an in vitro suppression assay, it is possible that Tregs produced in Aire-Tg might have the defect in the
generation of Treg repertoire that can suppress muscle-specific autoimmunity.

2. Although OVA-specific T cells (OT-2 T cells) escaped the negative selection in RIP-OVA Tg on Aire-deficient
background, which express OVA in the mTECs together with B-islets of the pancreas, mice do not develop type |
diabetes. We have tried to understand why the defect in the negative selection alone does not result in the
development of autoimmunity. In combination with a cytotoxic agent against p-islets, we found that many mice
with the defect in the negative selection developed type | diabetes. With the use of this knowledge, we are hoping
to develop a novel strategy to prevent the development of type | diabetes.

3. We found that a subset of mMTECs express an inflammatory molecule that is normally expressed on the myeloid
cells. Interestingly, Aire-deficient mice lack this subset of the mTECs. We have generated mice that are deficient
for this inflammatory molecule, and found that they are obviously normal without showing any signs of the defect
in mTEC development, suggesting that the molecule itself may not be functional in this occasion. However, it will
be important to test whether this subset of mTECs plays an important role for the establishment of self-tolerance

by generating the mouse strain that specifically lacks this subset of mTECs with the use of knockin technology.
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Outline of the research activities throughout the research term from the first year to the end

Organ-specific autoimmune diseases such as type | diabetes and rheumatoid arthritis are intractable because of the
lack of clear pathogenesis. Accordingly, it has been hoped to establish novel therapeutics based on the exact
pathogenesis of the disease. These organ-specific autoimmune diseases develop by the prolonged immune reaction
that ultimately induces the chronic inflammation. However, the mechanisms underlying for the chronic
inflammation have not been elucidated. We have approached, in this project, to develop the novel therapeutics that
would modulate the chronic inflammation. In other words, acute autoimmune reaction alone does not cause the
organ-specific autoimmune disease. Instead, we assume that other factors that are involved in the chronic
inflammation might be an important factor that accounts for the process of organ-specific autoimmunity.

For this purpose, we have utilized our mouse models (Aire-Tg for polymyositis-like autoimmunity;
RIP-OVA Tg crossed with OT-2 TCR-Tg lacking Aire for type | diabetes). Aire is a gene responsible for the
hereditary type of autoimmune disease that is expressed in medullary thymic epithelial cells (mTECs). We found
that Aire-Tg, like Aire-deficient mice, paradoxically developed organ-specific autoimmunity against muscle tissues
due to the defect in the maturation program of the mTECs. Because there were many macrophages in the muscle
lesion, we thought that those macrophages in the early phase of the disease might be responsible for the continuous
inflammatory changes in the muscle tissues. Indeed, Aire-Tg in which macrophages were depleted showed
amelioration of the polymyositis-like autoimmunity. Thus, antigen-nonspecific reactions elicited by macrophages
paly an important role for the pathogenesis of antigen-specific autoimmune diseases.

Although OVA-specific T cells (T cells from OT-2 TCR-Tg) escaped the negative selection when crossed
with RIP-OVA Tg (which express OVA both in mTECs and B-islets in the pancreas) in the absence of Aire, mice do
not develop the type I diabetes. We have tried to know why the defect in the negative selection alone does not result
in the development of autoimmunity. In combination with the cytotoxic agent against B-cell islets, we found that
many mice with the defect in the negative selection developed type | diabetes. With the use of this knowledge, we
are hoping to develop the novel strategy for the prevention of the development of type | diabetes.

Since we found that inflammation-related molecules are expressed in a subset of mTECs, we have been
trying to understand the significance of this finding because mTECs expressing inflammation-related molecules
also express high levels of tissue-restricted antigens together with chemokines. Interestingly, Aire-deficient mice
lack this mTEC population. Mice lacking inflammation-related molecules did not show any obvious defect in the
development of mTECs without any signs of autoimmunity in the organs. However, it will be important to test
whether this subset of mTECs play an important role for the establishment of self-tolerance by generating a mouse
strain that specifically lacks this subset of mTECs with the use of knockin technology.

Together, better understanding for the chronic inflammation will illuminate the pathogenesis of
organ-specific autoimmunity that ultimately help to develop novel therapeutics for the treatment of organ-specific

autoimmune diseases.
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