BOX 30.1

PARKINSON’S DISEASE

Parkinson’s disease (PD) is the second most common progressive neurodegenerative disorder. Patients with PD experience slowness of movement, rigidity, a low-frequency rest tremor, and difficulty with balance. Thesemajormotoric features of PD are due to the degeneration of dopamine (DA) containing neurons in the substantia nigra pars compacta (SNC) with an accompanying loss of DA and its metabolites in the striatum. PD patients may exhibit other symptoms, including cognitive dysfunction, depression, anxiety, autonomic problems, and disturbances of sleep, which may be due to the degeneration of non-DA-containing neurons. PD is characterized pathologically by the cytoplasmic accumulation of aggregated proteins with a halo of radiating fibrils and a less defined core known as Lewy bodies. Measures of increased oxidative stress are also seen, including glutathione depletion, iron deposition, increased markers of lipid peroxidation, oxidative DNA damage and protein oxidation, and decreased expression and activity of mitochondrial complex 1 in the SNC. This mitochondrial complex 1 defect is specific to the SNC, as it has not been observed in other neurodegenerative diseases. Thus, in sporadic PD, oxidative stress and mitochondrial dysfunction appear to play prominent roles in the death of DA neurons. Themajority of PD appears to be sporadic in nature, but an estimated 10% of cases are familial, with specific genetic defects. The identification of these rare genes and their functions has provided tremendous insight into the pathogenesis of PD and opened up newareas of investigation. 

Several genes have been clearly linked to PD. The best studied are α-synuclein and parkin. α-Synuclein is a presynaptic protein and a primary component of Lewy bodies. Very rare missense mutations at A53T and A30P cause autosomal-dominant PD. How derangements in α-synuclein lead to dysfunction and death of neurons is not known. However, aggregation and fibrillization are thought to play a central role, perhaps leading to a dysfunction in protein handling by inhibiting the proteasome. The second “PD gene” parkin is an E3 ligase for the ubiquitination of proteins. Mutations in parkin include exonic deletions, insertions, and several missense mutations and result in autosomal recessive PD. Parkin mutations are now considered to be one of the major causes of familial PD. Substrates for parkin include the synaptic vesicle–associated protein CDCrel-1, which may regulate synaptic vesicle release in the nervous system. Whether CDCrel-1 is involved in the release of dopamine is not yet known. Synphilin-1 is a protein of unknown function that was identified as an α-synuclein interacting protein. It is a synaptic vesicle-enriched protein and is present in Lewy bodies. Synphilin-1 is a target of parkin, and expression of synphilin-1 with α-synuclein results in the formation of Lewy body–like aggregates that are ubiquitinated in the presence of parkin. Parkin is upregulated by unfolded protein stress, and expression of parkin suppresses unfolded protein stress-induced toxicity. The unfolded putative G-protein-coupled transmembrane receptor, the parkin-associated, endothelial-like receptor (Pael-R), is a parkin substrate. When over-expressed, Pael-R becomes unfolded, insoluble, and causes unfolded protein-induced cell death. Parkin ubiquitinates Pael-R, and coexpression of parkin results in protection against Pael-R-induced cell toxicity. Pael-R accumulates in the brains of autosomal-recessive Parkinson’s disease patients and thus may be an important parkin substrate. 

Ultimately, it would be of interest to link all the multiple genes and the sporadic causes of PD into a common pathogenic biochemical pathway. Derangements in protein handling seem to be central in the pathogenesis of familial PD. Oxidative stress seems to play a prominent role in sporadic PD, and oxidative stress leads to synuclein aggregation and/or proteasomal dysfunction. Data suggest that there may be selective derangements in the proteasomal system in the substantia nigra of sporadic PD. Thus, protein mishandling may be central to the pathogenesis of PD. 

In contrast to most other neurodegenerative disorders, there is effective temporary symptomatic treatment for PD consisting of DA replacement with levodopa or DA agonists and adjunctive medications or surgical approaches. Because the neurodegeneration in PD is progressive and there is no proven preventative, restorative, or regenerative therapy, patients eventually become quite disabled. Ultimately, to affect a true cure, the underlying mechanisms of neuronal cell death need to be understood, strategies for enhancing neuronal survival and regrowth need to be developed, and consideration needs to be made toward the replacement of cells lost during the degenerative process. If these goals can be obtained, a full recovery could be achieved.
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