ROLE OF HSC70 INTERACTING PROTEIN CHIP IN DETERMINING CELL FATE FOLLOWING ISCHEMIC INJURY
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The decision to remove or refold misfolded, oxidized or denatured proteins by heat shock protein 70 (HSP70) and its binding partners is critical in determining cell fate following injury. In models of chronic neurological injury, the overexpression of the ubiquitin ligase C-terminus of HSC70 interacting protein (CHIP) can often compensate for failure of other ubiquitin-linked enzymes leading to enhanced cellular survival due to the reduction in the aberrant accumulation of misfolded proteins. 
While similar pathogenic processes can contribute to both chronic and acute injury, the ability of CHIP to alter cell survival following acute injury has not been assessed. Using post mortem human tissue samples and primary forebrain neurons, we were able to provide first evidence that CHIP expression levels are upregulated following ischemic injury. To determine if chronic CHIP upregulation alters neural survival, we stably overexpressed CHIP in neural cells and evaluated cell fate following acute denaturing or oxidative stress. Our data show that chronic CHIP overexpression decreases survival by 50% following oxidative injury and by 25% upon denaturing stress. Moreover, chronic CHIP overexpression results in increased expression of HSP70 and HSP40 upon heat shock, but decreased levels of these chaperones following oxidative injury suggesting that the transcriptional activation of these chaperones is regulated by stress-specific factors.
Due to previous associations of increased protein ubiquitination with ischemic stress, we evaluated the effects of chronic CHIP upregulation on ubiquitinated and oxidized proteins. Western blot and Oxyblot analyses show increased levels of ubiquitinated and total oxidized proteins in CHIP overexpressing cells. To identify the adduction of specific proteins, we used the biotin-avidin capture and immunoblotting methodology. Our data show that CHIP’s substrate tau is a target of oxidative injury; yet, CHIP itself is not impacted by oxidative injury suggesting that CHIP does not lose its E3 ligase activity. To determine if cells are adequately protected in this injury setting, we assessed total glutathione (GSH) levels. Our data imply that total GSH levels are significantly increased at baseline in CHIP OE cells. This suggests that cells are trying to handle protein stress, yet the reduced proteasome function prevents the removal of damaged proteins. 
Overall, our data suggest that forced induction of CHIP increases neuronal vulnerability to acute stress, and that the regulation of CHIP expression levels may present an avenue for neurotherapeutic development for treatment of acute injury including stroke and hypoxia.
