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Myelin is a fatty substance produced by oligodendrocytes that ensheathes axons, enabling fast 
communication between neurons in the brain. Myelin is crucial for brain function (Forbes & Gallo 
2017).

White matter plasticity is a recently discovered phenomenon wherein myelination in the adult brain 
is regulated by neural activity and environmental factors (such as exercise and exposure to drugs of 
abuse). White matter plasticity is emerging as an important complement to synaptic plasticity in 
brain health and disease.

The types of neuronal activity that regulate myelination are just beginning to be elucidated. Evidence 
suggests there may be an important role for dopamine neuron signaling in white matter plasticity. 
For example:

-Dopamine-related neuropsychiatric disorders such as addiction and schizophrenia are associated 
with dysregulation of white matter tracts and myelin-related genes (Baicy & London, 2007).

-Dopamine receptor antagonists enhance remyelination, or myelin repair (Torkildsen, Brunborg, 
Myhr, & Bø, 2008).

-Oligodendrocyte precursor cells (which give rise to oligodendrocytes) and mature oligodendrocytes 
express dopamine receptors.
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Introduction 

Hypothesis
If dopamine neurons regulate white matter plasticity, dopamine neuron release sites should be 
present within white matter tracts. As such, the goal of this study was to investigate whether 
dopamine neuron release sites are present within the corpus callosum, a major white matter tract of 
the brain.

Furthermore, because dopamine neurons release both dopamine and glutamate (co-transmission), it 
was hypothesized that we would observe both dopamine and glutamate release sites from 
dopamine neuron axons within the corpus callosum.

Results

Significance
Our preliminary data demonstrate that dopamine neuron release sites, using both dopamine and 
glutamate as neurotransmitters, are present within the corpus callosum.

While the precise function of dopamine neuron signaling within the corpus callosum remains to 
be determined, it is interesting to hypothesize a role in white matter plasticity.

This possibility is particularly intriguing in light of the white matter dysregulation associated with 
dopamine-related neuropsychiatric disorders.

Our findings hold important implications for identifying new roles for dopamine 
neurotransmission in brain health and disease.
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Methods
Adult male and female DAT-IRES-cre;Ai32 mice were used. These mice express ChR2-EYFP selectively
in the plasmalemma of midbrain dopamine neurons. Following perfusion and brain sectioning,
paraffin-embedded coronal sections from across the rostral-caudal axis of the corpus callosum were
used for experiments. The proximity ligation assay (PLA) was used to identify release surreal,
wherein a proximity of < 20 nm between the plasmalemmal ChR2-EYFP and vesicular proteins
VMAT2 or VGLUT2 represent sites of dopamine or glutamate. release, respectively.

Figure 1: The principle of using PLA to visualize dopamine neuron release sites according to their
neurotransmitter phenotype. A hybrid immunochemical and in situ hybridization technique, PLA starts with
two primary antibodies, each conjugated with a complimentary oligonucleotide tail, that recognize two
epitopes of interest (Duolink Probemaker, Sigma). When within ~20 nm of each other, the oligonucleotide
tails are ligated and amplified using rolling circle amplification. The proximity signals are then visualized using
horseradish peroxidase-tagged complimentary oligonucleotides. A, B. Schematic of the experimental
conditions: DAT-IRES-cre;Ai32 mice express ChR2-EYFP selectively in dopamine neurons. In target regions, a
PLA signal is generated between EYFP (green) in the plasma membrane and VMAT2 (purple) or VGLUT2 (blue)
in vesicles when the two proteins are in close proximity (< 20 nm). The former indicates a dopamine release
site and the latter a glutamate release site.

Figure2: A, B. Micrographs demonstrating small dense puncta representing dopamine 
release sites (A) and glutamate release sites (B) from dopamine neuron axons in the corpus 
callosum. Large gray ovals are counterstained nuclei. 

Figure 3: Dopamine neuron 
dopamine release sites. PLA 
signal recognizing ChR2-EYFP to 
VMAT2 proximity signals in the 
Striatum (Str; left), medial 
prefrontal cortex (mPFC; middle) 
and corpus callosum (CC; right) 
in Ai32DAT mice (top). PLA 
signals (small dense puncta) are 
not observed with non-
complimentary probes (2nd 
row), in VMAT2 conditional 
knockout (cKO) mice (3rd row), 
or in mice lacking ChR2-EYFP 
expression (bottom), while 
counterstained nucleus (large 
gray ovals) are observed in all 
conditions. 

Figure 4: Dopamine neuron 
glutamate release sites. PLA 
signal recognizing ChR2-EYFP to 
VGLUT2 proximity signals in the 
Striatum (Str; left), medial 
prefrontal cortex (mPFC; 
middle) and corpus callosum 
(CC; right) in Ai32DAT mice 
(top). The dashed line in top left 
panel indicates the border 
between the Str (top-right) and 
cortex (bottom-left). PLA signals 
(small dense puncta) are not 
observed with non-
complimentary probes (2nd 
row), in VGLUT2 conditional 
knockout (cKO) mice (3rd row), 
or in mice lacking ChR2-EYFP 
expression (bottom), while 
counterstained nucleus (large 
gray ovals) are observed in all 
conditions. 

Dopamine neuron release sites are present in the corpus callosum.

Validation of proximity signal representing dopamine neuron dopamine release sites.

Validation of proximity signal representing dopamine neuron glutamate release sites.

Results con’t

Dopamine neuron release sites are densest in the medial aspect of the corpus callosum.

Figure 5: Density plots of
dopamine and glutamate
release sites. Density plots
of dopamine (ChR2-EYFP to
VMAT2) and glutamate
(ChR2-EYFP to VGLUT2)
dopamine neuron release
sites in the corpus callosum.
Squares indicate missing
data. Note the consistency
in pattern as well as the
high density in medial
aspects of the fiber bundle.


