Parkinson’s Disease Use Cases

Two views of Parkinson’s disease are outlined below. They both address the same disease but at different levels of biological abstraction. Perhaps systems physiology is like programming in SmallTalk while cellular and molecular biology are programming in assembly and machine language.

Both views are very simplified but should give a flavor.
Systems Physiology View
A systems neurophysiology view of Parkinson’s disease focuses on a region of the brain known as the basal ganglia. The starring role in Parkinson’s disease is played by the basal ganglia structure known as the substantia nigra.

A part of the substantia nigra is composed neurons that transmit the chemical dopamine. It’s when these dopamine transmitting neurons in the substantia nigra die, that the amount of dopamine released into another part of the basal ganglia known as the striatum decreases and Parkinson’s disease symptoms appear.

The striatum connects to a third part of the basal ganglia known as the pallidum. In fact, there are two distinct connections that form parallel anatomical pathways from the striatum to the pallidum. One connection is known as the direct pathway and the other the indirect pathway. Each pathway is activated in a different way by the dopamine released from the substantia nigra. Activating the direct pathway facilitates movement, for instance moving your arm or legs. In contrast, activating the indirect pathway inhibits movement.
At the systems physiology level it is the balance of activity between the indirect and direct pathways from the striatum to the pallidum that at one extreme leads to Parkinson’s disease (over-activity in the indirect pathway results in over-inhibited, or not enough, movement) and at the other extreme leads to Huntington’s disease (over-activity in the direct pathway results in too much movement).
Systems neurophysiologists try to learn more about the normal functioning of these circuits and their malfunction in Parkinson’s disease by asking questions like:

· What are the wiring diagrams of the brain systems?
· What chemicals (neurotransmitters) are used by each circuit element (neuron) to communicate with the next element (neuron)? What responses do they elicit in the neurons?
· What proteins (receptors) recognize those chemicals (neurotransmitters) and what are the responses that they elicit in the neuron?

· What are the response properties of a particular kind of neuron in a particular part of the brain to particular input?

· What is the “neuronal code?” How is it transformed? What information does it contain?
Cellular and Molecular Biologist View

Studies identifying genes involved with Parkinson's disease are rapidly outpacing the cell biological studies which would reveal how these gene products are part of the disease process in Parkinson's disease. The alpha synuclein and Parkin genes are two examples.
The discovery that genetic mutations in the alpha synuclein gene could cause Parkinson's disease in families has opened new avenues of research in the Parkinson's disease field. When it was also discovered that synuclein was a major component of Lewy bodies, the pathological hallmark of Parkinson's disease in the brain, it became clear that synuclein may be important in the pathogenesis of sporadic Parkinson's disease as well as rare cases of familiar Parkinson's disease. More recently, further evidence for the intrinsic involvement of synuclein in Parkinson's disease pathogenesis was shown by the finding that the synuclein gene may be triplicated or duplicated in familiar Parkinson's disease, suggesting that simple overexpression of the wild type protein is sufficient to cause disease. Since the discovery of synuclein, studies of genetic linkages, specific genes, and their associated coded proteins are ongoing in the Parkinson's disease research field - transforming what had once been thought of as a purely environmental disease into one of the most complex multigenetic diseases of the brain.

Studies of genetic linkages, specific genes, and their associated coded proteins are ongoing in the Parkinson's disease research field. Mutations in the Parkin gene cause early onset Parkinson's disease, and the parkin protein has been identified as an E3 ligase, suggesting a role for the proteasomal pathway of protein degradation in Parkinson's disease. DJ-1 and PINK-1 are proteins related to mitochondrial function in neurons, providing an interesting genetic parallel to mitochondrial toxin studies that suggest disruptions in cellular energetics and oxidative metabolism are primarily responsible for Parkinson's disease. Other genes, such as UCHL-1, tau, and the glucocerebrosidase gene, may be genetic risk factors, and their potential role in the sporadic Parkinson's disease population remains unknown. Mutations in LRRK2, which encodes for a protein called dardarin, is the most recently discovered genetic cause of Parkinson's disease, and LRRK2 mutations are likely to be the largest cause of familial Parkinson's disease identified thus far. Dardarin is a large complex protein, which has a variety of structural moieties that could be participating in more than a dozen different cellular pathways in neurons. Because the cellular pathways that lead to Parkinson's disease are not fully understood, it is currently unknown, how, or if, any of these pathways intersect in Parkinson's disease pathogenesis.

Cellular and molecular neurobiologists ask:

· What proteins are implicated in Parkinson's disease? How are protein expression patterns, protein processing, folding, regulation, transport, protein-protein interactions, protein degradation, etc. affected?
· What cell signaling pathways are implicated in the pathogenesis of Parkinson’s disease? In which cells? What proteins are involved in which pathways?

· Are there any potential biomarkers for Parkinson's disease based on these proteins?

Some Use Cases
These use cases are applicable to most research into brain functions and disease.
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