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15 Developmental changes in dendritic spine morphology in the
striatum and their alteration in an A53T «-synuclein transgenic
mouse model of Parkinson’ s disease
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Hodaka Yamakadof, Ryosuke Takahashi® and Masato Koike!®
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The aging process is accompanied by various neurophysiological changes, and the severity of
neurodegenerative disorders such as Parkinson’s disease (PD) increases with aging. However, the
precise neuroanatomical changes that accompany the aging process in both normal and pathologic
conditions remain unknown. This is in part because there is a lack of high-resolution imaging tool
that has the capacity to image a desired volume of neurons in a high-throughput and automated
manner. In the present study, focused ion beam/scanning electron microscopy (FIB/SEM) was
used to image striatal neuropil in both wild-type (WT) mice and an AS53T bacterial artificial
chromosome (BAC) human a-synuclein (AS3T-BAC-SNCA) transgenic (Tg) mouse model of PD,
at 1, 3, 6, and 22 months of age. We demonstrated that spine density gradually decreases, and
average spine head volume gradually increases with age in WT mice, suggesting a homeostatic
balance between spine head volume and spine density. However, this inverse relationship between
spine head volume and spine density was not observed in AS3T-BAC-SNCA Tg mice. Taken
together, our data suggest that PD is accompanied by an abnormality in the mechanisms that
control synapse growth and maturity.

16 Unique synaptic topography of crest-type synapses in the interpeduncular nucleus
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Neurons in the central nervous system display a great diversity of synaptic architecture. While
much of our knowledge on the excitatory synapse morphology derives from the prototypical
asymmetric synapses, little has been studied about the atypical crest-type synapse that exists in the
restricted brain regions. Here, we used focused ion beam scanning electron microscopy
(FIB/SEM) to image a neuropil volume of interpeduncular nucleus (IPN) and manually
reconstructed several dendrites to obtain an insight about the topography and quantitative features
of crest synapses. Three-dimensional reconstruction showed numerous U-shaped structures
protruding from the IPN dendrites. On either faces of the U-shaped structure, a pair of crest
synapses are aligned in parallel such that there exists a positive correlation between the
postsynaptic density (PSD) area of synapses that participate in pair formation. Interestingly,
mitochondria are excluded from the site of crest synapses. Several presynaptic axons run through
the hollow, cylindrical space of the U-shape grooves such that the plasma membrane of the axon
and the dendrite are ized in a tight opp without any intervening glial membrane.
Unlike the peculiar dendritic morphology, IPN neurons possess typical somatic morphology with
an oval, centrally located nucleus. In conclusion, our data reveals a hitherto unknown unique
topographical feature of crest synapses in the IPN.
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]8 Overlapping Projections of Neighboring Direct and Indirect
Pathway Neostriatal Neurons to Globus Pallidus External Segment
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Indirect pathway medium-sized spiny neurons (iMSNs) in the neostriatum are well known to
project to the external segment of the globus pallidus (GPe). Although direct MSNs (dMSN’s)
also send axon collaterals to the GPe, it remains unclear how dMSNs and iMSNs converge
within the GPe. Here, we selectively labeled neighboring dMSNs and iMSNs with green and
red fluorescent proteins using an adeno-associated virus vector developed in this study and
examined axonal projections of dMSNs and iMSNs to the GPe in mice. Both dMSNs and
iMSNs formed two axonal arborizations displaying topographical projections in the
dorsoventral and mediolateral planes. iMSNs displayed a wider and denser axon distribution,
which included that of dMSNs. Density peaks of dMSN and iMSN axons almost overlapped,
revealing convergence of dMSN axons in the center of iMSN projection fields. These
overlapping projections suggest that dMSNs and iMSNs may work cooperatively via
interactions within the GPe.



