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The Activity-Driven ER-Mitochondria Calcium Cycle 
(ERMCC) and Protein Misfolding in Neurodegenerative 
Diseases: Finding Targets for Therapy 
 
Many nerve cells of the brain perform specialized functions. Hippocampal neurons 
provide memory; dopaminergic neurons control motor coordination, and motor 
neurons mediate willful movement. When specialized neurons degenerate, 
Alzheimer’s disease, Parkinson’s disease, or amyotrophic lateral sclerosis (ALS) 
develop which lead to severe disability and death. In ALS, the power plants of cells, 
the mitochondria, become overloaded with calcium, the protein folding apparatus, the 
endoplasmic reticulum (ER) loses function, and misfolded proteins accumulate as 
undisposable debris. The current project hypothesized that disturbed signaling in the 
ER-mitochondria calcium cycle (ERMCC) acts as a key pathway of 
neurodegeneration. ERMCC modulating drugs would thus protect neurons from cell 
death. Analyzing cell and animal models with live imaging techniques and advanced 
molecular biochemistry, the ERMCC-NDEG consortium has identified potential 
therapeutic targets which maintain the signaling balance of the ERMCC. The calcium 
homeostasis modulator 1 protein (CALHM1) acts as a leak channel in the ER with 
major impact on the ER-dependent regulation of the ERMCC. Reducing ER calcium 
uptake through the sarco-endoplasmic reticulum calcium pump (SERCA) i.e. by using 
cyclopiazonic acid (CPA) protected motor neurons in cell cultures. Keeping calcium 
inside mitochondria, i.e. by blocking calcium release through the mitochondrial 
sodium-calcium exchanger mNCE specifically protected motor neurons. These 
effects were enhanced when disease causing mutations, i.e. G93A superoxide-
dismutase 1 (mSOD1) were present. We found that mSOD1 severely disrupts the 
ability of mitochondria to take up calcium, and the amount of mitochondria releasable 
calcium was significantly reduced in the presence of mSOD1. Inside mitochondria 
glutaredoxin 2 (Grx2) was able to interfere with the ability of mSOD1 to form 
oligomers which may have significant impact in reducing mutant SOD1 toxicity and 
restore normal ERMCC function. Thus, ERMCC-NDEG provides a number of newly 
recognized targets for industry to develop ERMCC modulation further as a 
therapeutic principle.  
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