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Abstract
The islet of Langerhans is the functional unit responsible for glucose-regulate
secretion of insulin from β-cells and glucagon from α-cells, and thus plays a key role
in blood glucose homeostasis. Chronic imbalance in the insulin/glucagon output of
the islet is the defining trait of diabetes. Over the last 25 years, we have been
interested in understanding the multicellular mechanisms of islet function, and its
role in the regulation of blood glucose under normal and pathological conditions.
Using our unique quantitative optical imaging methods and novel microfluidic devices,
the dynamics of these molecular mechanisms can be followed quantitatively in living
cells within intact islets. We have shown that the neurotransmitter dopamine plays
an important role in islet function through autocrine and paracrine signaling between
islet cells, which fine tunes hormone output via tonic inhibition of secretory activity.
The dopamine receptors D3 and D2 are present and active in islet cells, and we are
characterizing the complex interplay between the dopamine receptors that are active
in the various islet cell types. Preliminary data suggest that dopamine signaling
cascades act on distinct pathways to differentially regulate insulin and glucagon.
These experiments utilize in situ hybridization to test cell specific receptor expression
in the islets, and adeno viruses to deliver genetically encoded fluorescent reporters
to mouse. Two-photon excitation metabolic imaging and confocal microscopy are
used to assay responses triggered by selective activation of D2 or D3 receptors.
These experiments allow us to define a model for dopaminergic regulation of
hormone secretion. To facilitate these experiments, we are developing new methods
for fast, high-content quantitative imaging of islet functions. We have combined
light-sheet fluorescence microscope (dual view inverted Selective Plane Illumination
Microscopy–diSPIM) and hyperspectral imaging (Image Mapping Spectrometer–IMS)
to provide rapid acquisition of three-dimensional data sets of multiple biosensors in
whole islets. This has allowed us to utilize mouse models combining a glucagonpromoter calcium sensor (GCaMP6) in α-cells, a novel, orange cAMP sensor driven by
adenovirus expression in 70% of islet cells, and a red calcium sensor driven by the
rat insulin promoter in β-cells. This combination allows simultaneous monitoring of
calcium activity in α- and β-cells, while measuring cAMP levels in both cell types.

Using the IMS-diSPIM system we can measure putative paracrine interactions
between the two cell types’ signaling pathways with isotropic spatial resolution and
sub-second temporal resolution.
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