CASK mediates oxidative stress-induced microglial cell death via p38 and Ca2+ influx
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Introduction:
CASK (Calcium/Calmodulin-Dependent Serine Protein Kinase) is a multidomain scaffold protein that plays an indispensable role in controlling neural activity. Despite the beneficial roles of microglia in maintaining brain homeostasis and serving as immune sentinels, microglia-mediated neuroinflammation and microglial cell death resulting from stimulation by toxic molecules can foster the progression of neuronal death and neurodegeneration. 
Aims:
Human RNAseq revealed that CASK is ubiquitously expressed in microglia. However, the functional role of CASK in microglia remains unclear.
Materials and Methods:
Murine BV2 microglial crCTL and crCASK cell lines were generated using the CRISPR-Cas9 approach. H2O2 (100 µM) was used to study cell death. PI and Annexin V/PI staining were employed to determine the cell cycle and cell death, respectively. mRNA and protein expressions were measured by real-time PCR and immunoblotting, respectively. Cellular Ca2+ influx, ROS production, and mitochondrial membrane potential (MMP) assays were conducted using flow cytometry and/or immunofluorescence. 
Results:
We found that crCASK inhibits H2O2-induced BV2 microglial cell death, while pan-caspase inhibitor zVAD fully blocks H2O2-induced cell death, suggesting apoptosis as the mode of death. Consistent with the protective effect of crCASK, we observed that crCASK significantly inhibits MMP loss, mitochondrial ROS production, and caspase-3 activation under H2O2 challenge. Additionally, we observed that crCASK inhibits H2O2-induced p38 phosphorylation but enhances H2O2-induced AKT and AMPK phosphorylation. Interestingly, we found that only the p38 inhibitor SB203580 protects cells against H2O2-induced mitochondrial dysfunction, apoptotic cell death and caspase-3 activation in crCTL but not in crCASK. This implies that CASK promotes oxidative stress-induced cell death via the enhancement of p38 phosphorylation. Previous studies showed that H2O2 can induce Ca2+-dependent apoptosis in different cell types. Here we found that the TRPM2 inhibitor 2-APB significantly reversed H2O2-evoked cell death. Immunofluorescence data using Fluo-8 also revealed that the crCASK significantly inhibited cytosolic Ca2+ influx after the depletion of ER Ca2+ store through the blockage of SERCA using thapsigargin. Moreover, flow cytometry results revealed that increased cytosolic Ca2+ was inhibited by crCASK but not by SB203580.
Discussion:
CASK mediates BV2 microglial apoptosis upon H2O2 treatment via increasing the activation of p38, thereby leading to mitochondrial dysfunction and apoptotic cell death. Additionally, CASK promotes Ca2+-dependent cell death by enhancing the activation of the calcium channel TRPM2 and store-operated calcium entry (SOCE). These findings strongly suggest that targeting CASK could be a potential therapeutic strategy for CNS disorders.    
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