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The thymic function to produce self-protective and self-tolerant T cells is chiefly mediated by cortical thymic
epithelial cells (cTECs) and medullary TECs (mTECs). cTECs and mTECs are derived from common TEC
progenitors. However, the molecular mechanism regulating the TEC bifurcation is unknown. Transcriptomic
analyses of TECs have highlighted a rich diversity in functional TEC subpopulations. However, because of
their limited cellularity, the biochemical characterization of TECs has remained unestablished. To provide
trans-omics platform for exploration of molecules responsible for TEC bifurcation, we used genetically modified
mice that carry enlarged but functional thymuses for proteomic analysis of cTECs and mTECs, and of
beta5t-deficient cTECs which lack thymoproteaome essential for the positive selection of CD8T cells in the
thymus. A combination of proteomic and transcriptomic profiles for cTECs and mTECs identified signature
molecules that characterize a developmental and functional contrast between cTECs and mTECs, and that
provide a useful resource for further exploring the biology of cTECs and mTECs. We also found a highly
specific impact of the thymoproteasome on proteasome subunit composition in cTECs, rather than a
pervasive effect on cTEC functions.

Further, by using our trans-omics data of TECs, we explored molecule whose function in the thymus is
unknown. We found PITHD1, which has a PITH-domain possibly interacting with proteasome, was highly
expressed in cTECs. However, it was unknown whether PITHD1 can actually bind to proteasomes and what it
does in vivo. We found that PITHD1 was not associated with thymoproteasomes, and PITHD1-KO mice
exhibited no detectable defects in the thymus. However, we unexpectedly found that PITHD1-KO mice
exhibited severe male infertility accompanied with morphological abnormalities and impaired motility of
spermatozoa. We also found that PITHD1 was expressed in elongated spermatid and associated with
immunoproteasome in the testis. Furthermore, PITHD1 deficiency reduced proteasome activity in the testis
and altered the amount of proteins important for fertilization capability by the sperm. Collectively, our results
identify PITHD1 as a novel proteasome-interacting protein that plays a nonredundant role in the male
reproductive system.




