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In the healthy striatum, descending glutamatergic
fibers from the cortex and thalamus synapse onto 
the heads of the spines of the resident medium 
spiny neurons (MSN).  This excitatory input is 
modulated by the ascending dopaminergic fibers 
from the substantia nigra that synapse onto the 
necks of these spines.

In the grafted striatum, there was a significant 
change in the distribution of symmetrical to 
asymmetrical (presumably excitatory 
synapses). Grafted dopaminergic fibers made 
more atypical connections onto MSN dendrites 
and perikarya.

The increase in asymmetrical TH+ endings 
seen following grafting was exacerbated in the 
immune-challenged striatum. The shift in the 
distribution of TH+ synaptic targets increased 
in the immune-challenged striatum.

Hypothesis and specific aims
Our findings suggest that aberrant synaptic features between TH+ grafted cells and host MSN, result in the development of aberrant behaviors following dopamine cell 
grafting. Changes in the distribution of TH+ synaptic target and symmetry and the increased asymmetrical input onto grafted cell bodies suggest that the striatal
environment following grafting is one of unregulated hyperdopaminergic activity known to be associated with dyskinesias.  Changes in corticostriatal inputs also appear to 
be associated with dyskinetic behaviors observed post-grafting.  Finally, the increases seen in several of the synaptic features with increased host immune response, 
suggest a possible mechanism by which the immune response may be mediating GIDs.

Our future work hypothesizes that the loss of dendritic spines on MSNs interferes with the capacity of grafted DA neurons to provide full therapeutic benefit to 
parkinsonian subjects.

Specific Aims:  Although the primary neurochemical deficiency in Parkinson’s disease is related to death of nigral dopamine (DA) neurons that innervate the striatum, it is 
not clear precisely how this alteration leads to symptoms of the disease. It is clear that DA denervation results in numerous changes in transmitter function and altered
neuron morphology. Specifically, the primary site for afferent input from nigral DA neurons and cortical glutamate neurons is medium spiny neurons (MSNs) within the 
striatum.  The numerous dendritic spines found on normal MSNs are critical sites for synaptic integration of DA and glutamate signaling, which is essential for normal motor 
behavior. In advanced PD there is a marked atrophy of dendrites and spines on these neurons. Similar pathology is observed in mice and rats with severe DA depletion 
(e.g.: Day et al, 2006). Importantly, a new mechanism involving dysregulation of intraspine Cav1.3 L-type Ca2+ channels has been found to account for spine loss following 
striatal DA depletion. Administration of the calcium channel antagonist nimodipine to rats, or the absence of these channels in transgenic mice prevents spine loss despite 
severe DA depletion. The impact of altered dendritic morphology of MSNs in the parkinsonian striatum on therapeutics such as DA cell replacement or traditional 
pharmacotherapy remain unclear.  However, it would be anticipated that an absence of these critical input sites in the parkinsonian striatum would make it difficult: 1) for 
grafted DA neurons to re-establish normal connections needed for therapeutic benefit, and 2) for standard pharmacotherapy to recapitulate normal physiological responses 
in the face of altered synaptic connectivity. The proposed set of studies is aimed at addressing two primary issues related to DA-glutamate maladaptive synaptic plasticity in 
the parkinsonian brain. The first set of studies will examine whether degenerative changes in spine density of MSN impacts DA graft efficacy.  A second set of studies will 
examine whether altered spine morphology plays a role in the development of levodopa-induced and/or DA graft-induced dyskinetic behavior.
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Figure:  Electron micrographs illustrating the synapses of 
grafted neurons in the striatum.

FUNDING: R01 NIH/NIDA: Mechanisms underlying reward-related synaptogenesis
R01 NIH/NINDS: Aberrant synaptic plasticity: Impact on dopamine graft outcome
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