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Motor and sensory (somatosensory) regions of the left cerebral hemisphere. They 
represent the body and face of the opposite (contralateral) side.
From: Purves, Neuroscience



The Basal Ganglia
The basal ganglia consist of groups of thousands
of neurons that process information received from 
the cerebral cortex and then send that processed 
information back to the cortex. The basal ganglia 
are involved in many neural functions, including 
movement, behavior, and language. Pathological 
changes in basal ganglion neurons are associated 
with many diseases, including Parkinson’s Disease.



The basal ganglia (in color) lie deep within the brain, 
seen here as if the brain were transparent. 



The neurotransmitter Dopamine is produced by nerve cells in the
substantia nigra and ventral tegmental area. These cells send their 
axons throughout the brain to synapse on many other neurons.

from: Purves-Neuroscience



A diagrammatic view of the Basal Ganglia
From Purves et al. Neuroscience



Normal Parkinson’s Disease (PD)

Views of autopsy specimens of the brainstem. The dark, curved
structure in the normal specimen is the substantia nigra that contains 
dopamine neurons that are black due to their content of 
neuromelanin. These cells die in PD and thus there is little black 
staining in the PD specimen on the right.



Diagram of typical neuron of the brain



Nerve cell (neuron). Dendritic branches of the neuron receive incoming 
messages from other neurons. The single axon conveys messages via 
electrical signals called Action Potentials. The neuronal activity is 
conveyed by electrical charges carried by ions, such as  as sodium and 
chloride (NaCl-salt). The ions move through specialized ion channels in 
the cell membrane.   



From: Purves et al, Neuroscience



Molecular motors, kinesin and dynein, that move materials
within the axon, either toward or away from the cell body.

From: Purves et al, Neuroscience



Neurodegenerative Diseases
Including Alzheimer”s Disease, Frontotemporal Dementia, Lewy 

Body Disease and Parkinson’s Disease

A hallmark event in neurodegenerative diseases (NDs) is the 
misfolding, aggregation, and accumulation of proteins, leading to 
cellular dysfunction, loss of synaptic connections, and brain 
damage. Despite the involvement of distinct proteins in different 
NDs, the process of protein misfolding and aggregation is 
remarkably similar. A recent breakthrough in the field was the
discovery that misfolded protein aggregates can self-propagate 
through seeding and spread the pathological abnormalities between 
cells and tissues in a manner akin to the behavior of infectious 
prions in prion diseases.

C. Soto and S. Pritzgow. “Protein misfolding, aggregation,  and conformational 
strains in neurodegenerative diseases.”
Nature Neuroscience. 21: 1332–1340, 2018



Neurodegenerative diseases
Key points

• Age-related increase in incidence
• Protein misfolding/aggregation
• Genetic and sporadic forms overlap
• Only prion diseases have transmissible forms



C. Soto and S. Pritzgow. “Protein misfolding, aggregation, and conformational strains 
in neurodegenerative diseases.” Nature Neuroscience. 21: 1332–1340, 2018



The Lewy body in 
this nerve cell is the 
rounded blue 
structure 
surrounded by a 
halo. It is
predominantly
composed of
α-synuclein.
The brown granules
are neuromelanin.

Microscopic features of DLB and PD



Dementia with Lewy bodies (DLB)
Parkinson’s disease (PD)

• Two ends of a clinicopathologic spectrum
• In DLB, there is significant involvement of the 

cerebral cortex
• In PD, pathology is most severe in subcortical 

dopamine-containing nuclei.



From: Nature. 538: S13, 2016



Progression of tau (AD)  and alpha-synuclein (PD/DLB)  



Model of cell-to-cell spread of alpha synuclein
N.C. Prymaczok et al. “Alpha synuclein and Parkinson’s Disease.” 

Frontiers in Human Neuroscience. 10: 1-7, 2017.



“Gut microbes augment neurodegeneration”. Nature. 544: 304-305, 2017 



Svensson, E. et al. “Vagotomy and Subsequent Risk of Parkinson’s Disease,”
Ann.Neurol. 78: 522-529, 2015. Human study.

Cutting the vagus nerves in the mouse prevents the spread of 
pathological alpha synuclein (PFF) to the brain in the mouse.



Molecular motors, kinesin and dynein, that move materials
within the axon, either toward or away from the cell body.

From: Purves et al, Neuroscience



The target of stimulation for the treatment of PD is either the 
globus pallidus of the basal ganglia or the subthalamic nucleus.  



Deep brain stimulation
(DBS)



Implantation of patient-derived midbrain dopaminergic progenitor
cells, differentiated from induced Pluripotent Stem Cells (iPSCs) 
derived from fibroblasts in a patient with Parkinson’s disease. 

Scores on the 39-item Parkinson’s Disease Questionnaire (PDQ-39) assessing
quality of life. Higher scores indicate worse quality of life.
The dashed line at 6 months indicates the time of the second implantation.

New Engl. J. Med. 382: 1926-1932, 2020. 



Treatment with NLY01 acts on microglial cells to protect dopamine neurons 
from death by reducing the the genesis of activated astroglia and the accumulation of α -
synuclein in the neurons. After 48 weeks of therapy, patients with PD who received 
treatment  exhibited better motor function than patients who received placebo.
L. Brundin et al. “The Parkinson’s Disease Brain.” Nature Medicine. 24: 899-907, 2018. 

https://clinicaltrials.ucsf.edu/parkinsons-disease



Olsen, A.L. and Feany, M.B. “PARP Inhibitors and Parkinson’s Disease.” New Eng. J. Med. 380: 492-494, 2019.

PARP inhibitors have been approved for cancer therapy. They reduce a-
synuclein fiber formation and reduce cell death.
PARP: polyadenosine 5’diphosphate-ribose

https://clinicaltrials.ucsf.edu/parkinsons-disease


