Testosterone signaling in microglia: its roles for sex differences in Alzheimer's Disease
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Introduction. Men have lower Alzheimer’s disease (AD) rates than women, potentially linked to testosterone's influence. Microglia, primary innate immune cells in the brain, contribute to the clearance of aggregated proteins such as amyloid beta (Aβ) through phagocytosis and lysosomal degradation, including autophagy. We hypothesized that testosterone acts protectively against AD by enhancing autophagic activity in microglia, potentially reducing the incidence of AD in men.
Aims. The aim of this study is to focus on the role of testosterone in regulating autophagic activity in microglia through non-genomic testosterone signaling via the G protein-coupled receptor, class C, group 6, subtype A (GPRC6A).
Methods. The 5x FAD AD model mice and the mouse microglial cell line MG6 were used. LC3-II and p62 were used as indicators for selective autophagy. GPRC6A signaling was inhibited pharmacologically with an allosteric antagonist and genetically with shRNAs.
Results. Brain sections from male and female 5xFAD mice showed that autophagy is suppressed in female microglia. Testicular removal from male mice also suppressed microglial autophagy, indicating the contribution of testosterone to autophagic activity. Testosterone suppressed ERK phosphorylation in MG6 cells, inhibiting mTOR activation and promoting Aβ-induced autophagy. MG6 cells were able to engulf extracellular Aβ, which colocalized with the autophagosome marker LC3, and this process was enhanced in the presence of testosterone. Genetic knockdown and pharmacological inhibition of GPRC6A restored ERK phosphorylation. These results suggest that testosterone-GPRC6A signaling enhances Aβ-induced autophagy in microglia, potentially contributing to lower AD susceptibility in men.
Discussion. The study emphasizes the role of testosterone in microglial autophagy, potentially lowering AD risk in men. Targeting GPRC6A signaling or hormone replacement therapies may offer therapeutic or preventive benefits. 
