
 

Study reveals motor cortex could have larger
role in Parkinson's disease
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Whole-cell recordings of excitatory neurons in forelimb M1 were localized to
L2/3 and L5. A, Schematic showing the anterior–posterior span of recorded
slices, restricted to the forelimb area of M1. B, Recorded neurons were
visualized with streptavidin labeling of biocytin and confirmed as excitatory by
negative immunoreactivity for GAD67. GAD67 and merged images are shown
at one z-plane depth; biocytin images are shown as a collapsed stack spanning the
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entire neuron. Open arrows, GAD67– biocytin-filled neurons; closed arrows,
neighboring GAD67+ interneurons (not recorded) at the same depth. Scale bar,
50 μm. C, Histologic staining of cytoarchitecture used to define cortical layers.
Hoechst 33342 stain is a nuclear counterstain of all cells in the region,
Neurotrace was used as a neuron-specific stain for somata, SMI-32 labels a
subset of pyramidal neurons in layer 3 and layer 5. Scale bar, 200 μm. Right-
most panel, Two example neurons localized to L2/3 and L5; neurons localized
within 8–35% of the total cortical depth were defined as L2/3; neurons within
35–76% of cortical depth were defined as L5. Credit: DOI:
10.1523/ENEURO.0548-19.2021

The role of neuron and dopamine loss in Parkinson's Disease (PD) has
long been recognized by neuroscientists. However, how dopaminergic
modulation affects brain regions involved in the control of voluntary
movement remains a subject of investigation. Researchers in the
Department of Neurobiology and Behavior in the College of Arts and
Sciences and the Renaissance School of Medicine at Stony Brook
University, used an experimental model to demonstrate that a loss of
midbrain dopaminergic centers impairs the ability of the primary motor
cortex neurons to transform inputs into appropriate output. The finding,
published in eNeuro, supports a new line of research regarding the
origins of changes in the motor cortex and its role during PD.

Patients with PD show abnormal activity in the motor cortex, which to
date remains difficult to explain. Scientists have proposed that motor
cortex dysfunction in PD may come from loss of direct dopaminergic
innervation of the cortex, or, alternatively, it could arise as a
consequence of basal ganglia pathology.

"Our study shows that the changes in excitability of motor cortex
neurons very likely are due to basal ganglia pathology and not loss of
direct dopaminergic innervation of the motor cortex," says Arianna
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Maffei, Ph.D., Professor of Neurobiology and Behavior. "The results we
showed support the idea that changes in motor cortex activity due to loss
of dopamine are very important for the pathophysiology of PD. This
adds to our current knowledge and points to the motor cortex as a
potential novel site for intervention."

The research team assessed how the loss of dopamine affects the
input/output function of neurons in the motor cortex. They tested three
different ways to reduce dopamine signaling to ask how motor cortex
dysfunction may arise: 1) Used pharmacology to block the receptors
selectively in the motor cortex 2) Injected a toxin that kills dopaminergic
neurons in the midbrain to induce basal ganglia pathology, and 3) Used
the same toxin to eliminate dopamine neuron axons in the motor cortex
to test the possibility that loss of dopaminergic input to the motor cortex
may be responsible for its dysfunction.

Professor Maffei explains that the idea behind these approaches was to
dissect out the circuit mechanisms underlying loss of function in the
motor cortex and possibly use these data to better understand PD
pathophysiology.

Overall, the research demonstrated that diminished dopamine signaling,
whether acute or chronic, has profound effects on the excitability of
primary motor cortex neurons.

The authors believe the results should spur additional research that
focuses on the primary motor cortex as an additional site of intervention
to treat motor symptoms and improve outcomes in PD patients.

  More information: Olivia K. Swanson et al, Reduced Dopamine
Signaling Impacts Pyramidal Neuron Excitability in Mouse Motor
Cortex, eneuro (2021). DOI: 10.1523/ENEURO.0548-19.2021
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