Julia Boles
B/G/Aim1-2


Autoimmune polyendocrinopathy candidiasis ectodermal dystrophy (APECED) is a recessive autoimmune disease where patients suffer from various endocrine and ectodermal disorders [1].  APECED is caused by a loss of function in the AutoImmune Regulator (AIRE), which is a transcription factor that plays a crucial role in maintaining self-tolerance [2]. AIRE primarily functions in the thymus by promoting expression of self-antigens in medullary thymic epithelial cells which kill self-reactive T cells, preventing them from entering circulation and causing autoimmune diseases [3]. Recent studies have also identified populations of extra Thymic AIRE expressing Cells (eTACs) in secondary lymphoid organs (the peripheral immune system), such as lymph nodes and the spleen [4]. While AIRE promotes the expression of tissue specific antigens (TSAs) in both thymic and extrathymic cells, the specific antigens expressed differ between the thymic cells and eTACs [4]. Despite these findings, the role of AIRE in promoting transcription of these unique TSAs in eTACs remains unclear.
My long term goal is to understand how AIRE contributes to peripheral immune tolerance to further understand how loss of AIRE causes APECED. My primary goal is to determine which cofactors AIRE interacts with in eTACS to promote the expression of unique TSAs. My hypothesis is that the AIRE transcription complex in eTACs involves different cofactors from those in the thymus which leads to the different TSA expression.
Aim 1: Determine which AIRE domains are sufficient for TSA expression in eTACs. 

Approach: AIRE deletion constructs with only the HSR, SAND, or PHD domains will be used to create transgenic mice that only express one AIRE domain each. The transcriptional expression of eTACs in the single-AIRE domain mice and wild type mice will be analyzed using RNA-seq. Rationale: By analyzing the transcriptional expression in eTACs with respect to different domains of AIRE, we can understand which domains are sufficient for the expression of specific TSAs.  Hypothesis: The abundance of AIRE regulated transcripts will differ between eTACs of wild type and single AIRE domain mice.
Aim 2: Learn how peripheral AIRE expression contributes to T cell tolerance in mice.

Approach: Use CRISPR/Cas9 to create tissue specific AIRE knockouts (KO) in eTACs. Compare self-reactive T cell populations in wild type, peripheral KO, and full AIRE KO mice using flow cytometry. Rationale: Peripheral AIRE knockout mice enable us to study how AIRE contributes to peripheral self-tolerance, measured by the levels of self-reactive T cells in wild type versus KO mice. Hypothesis: There will be more self-reactive T cells in peripheral knockouts than wild type mice but fewer than in full AIRE knockout mice.
Through the aims presented above, I hope to identify specific factors involved in the AIRE transcriptional complex. This knowledge can be used to better understand how eTACs promote peripheral tolerance though AIRE mediated TSA expression. Understanding peripheral tolerance will help us better understand APECED and autoimmune diseases in general. 
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