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A growing body of evidence, detailed in this review, suggests that elevated ROS production, mitochondrial damage, impaired protein degradation systems as well as impaired Ca2+ homeostasis are key events in PD neurodegeneration. Neurotoxins, high-energy demands of DA neurons, DA metabolism and decreased levels of antioxidants in SN made neurons in SN more susceptible to oxidative stress. Later, genetic studies revealed genes linked to PD – α-synuclein, LRRK2, DJ-1, PINK1 and Parkin. These pathogenic mutations may directly induce mitochondrial damage and oxidative stress. Also, it was discovered that α-synuclein is a major component of Lewy bodies and it can be involved in impaired Ca2+ homeostasis. Today, we know that oxidative stress, mitochondrial dysfunction and altered proteostasis are key molecular events in PD. PD Parkinson’s disease, DA dopamine, SN substantia nigra pars compacta, ASYN α-synuclein, LRRK2 leucin –rich repeat serin/threonine-protein kinase 2, PINK1 PTEN-induced kinase 1.

Figure 2. Role of AMPK in pathogenesis of PD
AMPK is a primary energy sensor in the control of cell metabolism. It can be activated in, at least, three different ways: by excitotoxic and oxidative stresses through TAK1 and/or CaMKKβ-dependent activation or by metabolic stress via LKB1. When cell is under energy stress, AMPK directly phosphorylates the mTOR upstream regulator TSC2 and the mTORC1 subunit RAPTOR. These phosphorylations reduce mTOR activity and thus promote autophagy.  AMPK promotes autophagosome formation by direct phosphorylation of ULK1, ATG9, Beclin1 and VPS34. ULK1 is correctly localized to the pre-autophagosome and stabilized by FIP200 and ATG13. Also, AMPK promotes lysosomal biogenesis increased TFEB activity. Once activated, AMPK triggers catabolic pathways and represses anabolic
pathways in order to maintain energetic homeostasis. AMPK 5’-Adenosin monophosphate-activated protein kinase, TAK1 transforming growth factor, CaMKKβ Calcium/calmodulin kinase kinase β, mTORC1 mechanistic target of rapamycin complex 1, ULK1 Unc-51 like autophagy activating kinase 1, TSC2 Tuberous Sclerosis Complex 2, TFEB Transcription factor EB.



