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Female individuals are better able to cope with certain infections. On the other hand, females suffer from autoimmune diseases significantly more often than males1. This project explores the mechanistic basis of this important difference between the sexes. 

Toll-like receptors (TLRs) form an important first-line defence against infectious disease. They are evolutionarily ancient pattern recognition receptors that sense various signs of infections and trigger innate and adaptive immune responses. The nucleic-acid sensors TLR7 and TLR8 and numerous other immune genes are encoded on the human X chromosome and are therefore present at twice the gene dosage in XX females compared to XY males. This increased gene dosage is thought to contribute to sex-specific differences in immune responses1 One particularly interesting aspect is how the epigenetic regulation of X-linked genes intersects with environmental signals (gene-environment interactions), age-related inflammation, and clonal dynamics of immune cells to modulate the sex-specific incidence of clinical disease manifestation. To this end, we will explore sex differences in TLR7/8 ligands, receptors, signal transduction pathways and downstream effector genes.

XX female immune cells - such as plasmacytoid dendritic cells and B cells, - express higher levels of TLR7 than XY male immune cells2. The increased prevalence of inflammatory disease in XX individuals is thought to be driven by higher levels of immune gene expression in females than in males1,3,4. B cells with higher expression of TLR7 have a lower activation threshold. Once activated, they are known to proliferate more and survive better. They undergo increased immunoglobulin class switching, form more memory B cells, differentiate more efficiently into antibody-secreting plasma cells. and ultimately are more likely to cause inflammation and autoimmunity, such as systemic Lupus erythematosus3,4 (SLE). We will address whether elevated expression of TLR7 in XX cells is explained by active gene regulation or by passive erosion of X-linked silencing mechanisms. Active regulation would drive increased expression from the active X chromosome. Erosion of gene silencing on the inactive X chromosome would drive increased expression from the inactive X chromosome. We will use long-read sequencing and employ genetic polymorphisms to distinguish between these possibilities.

We will integrate the sex-specific expression level of TLRs, with other key factors that ultimately determine disease susceptibility such as the abundance of TLR ligands, the activity of TLR signaling pathways, antagonism between TLRs, and effector genes downstream of TLR signaling. Finally, we will explore how the TLR pathway intersects with genetic variation and BCR specificity to shape the competitiveness of B cell clones5,6. Taken together, these approaches will address mechanisms that contribute to increased inflammatory responses in female individuals. 
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