A model inducible system to examine the toxic effects of Alpha-synuclein on human neuronal cells
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Genetic and biochemical evidence suggests that α-synuclein (asyn) is central in Parkinson’s disease (PD) pathogenesis. Although the aberrant function of asyn that is responsible for PD is not understood, there is evidence that accumulation of either normal or mutant asyn species of abnormal conformation may have a causative role.

We have generated a neuronal cell-system model of slowly progressive neurodegeneration based on excessive accumulation of asyn. This model consists of tightly controlled tetracycline-regulated (TET-OFF) human neuroblastoma SH-SY5Y cell lines expressing wild type asyn, mutant asyn or β-galactosidase, as a control.  Five to seven days following concurrent induction of wild type asyn expression and neuronal differentiation with retinoic acid, we have observed marked morphological abnormalities, including neurite retraction and vacuolization. Interestingly, these phenomena coincide with the appearance of soluble oligomeric asyn species. Cell death occurred at a relatively low level, but was continuous over the period of seven to ten days. In contrast, no such phenotype or death was observed in cells expressing β-galactosidase or in cells in which asyn was maintained in an uninduced state-due to the continuous presence of doxycycline.  
Abnormally folded or aggregated proteins such as α-synuclein may cause impairment of the degradation of these forms as well as of the turnover of normal proteins. Dysfunction of intracellular degradation pathways was therefore investigated. When death becomes evident asyn-overexpressing cells show macroautophagy induction, whereas total lysosomal degradation is impaired as judged by LC3 western blot and long-lived protein degradation respectively. Proteasomal degradation was also inhibited up to 30% as well. In addition, preliminary results in the asyn-expressing cells have shown upregulation of BiP, a component of the activation of unfolded protein response, characteristic of ER stress.

Inhibition of autophagosome formation with 3-MA or enhancement of macroautophagy induction with rapamycin did not alter the rate of death, suggesting that, although macroautophagy is induced, it does not play a positive or negative role in cell death in this model.

Features of apoptotic type of death such as caspase 3 activation, DNA laddering and phoshatidyl serine exposure were not evident as confirmed by western immunoblotting, DNA gel electrophoresis and FACS analysis respectively.

Collectively our results suggest that alpha-synuclein can lead to degeneration of human neuronally differentiated cells in a manner that involves impairment of normal protein degradation. The type of death is not typically apoptotic nor, at least exclusively, autophagic since there is no response when autophagy is inhibited. Further studies will examine the molecular and biochemical underpinnings of neuronal degeneration in this model. 

