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(Summary)

Pancreatic beta-cells produce and secrete insulin that plays a key role in glucose homeostasis.
Insulin secretion in response to high glucose exhibits a biphasic manner and is tightly regulated
by various mechanisms including paracrine and autocrine manners. Dopamine has been identified
as a negative regulator of insulin secretion in beta-celis. However, the underlying mechanism
remains unknown. Here, to elucidate the mechanism that dopamine regulates insulin secretion,
we used total internal reflection fluorescent microscopy (TIRFM) and monitored the exocytosis of
insulin granules in mouse primary beta-cells. We also monitored the dynamics of intracellular Ca%*
and cAMP by using fluorescent probes to examine the underlying mechanisms.

Firstly, | confirmed the expression of enzymes related to dopamine synthesis in mouse beta-cells
by immunohistochemistry. | found that dopamine is stored in the secretary vesicles containing
insulin. The TIRFM observation revealed that DA synthesized and stored in beta-cells inhibited
the second phase of insulin secretion in response to glucose challenge.

Secondly, | attempted to investigate the mechanism of DA inhibited insulin secretion. The addition
of dopamine in the medium decreased the number of fusion events of insulin granules. Dopamine
D1 receptor antagonist reversed the dopamine effects, which suggests that dopamine’s negative
effects are mediated by the D1 receptor rather than the D2 receptor. Overexpression of D2
(D20OE) abolished glucose-stimulated Ca?* influx and insulin secretion. Meanwhile, D1OE did not
mimic wild type in term of dopamine response. Then | hypothesized the involvement of D1-D2
heteromer in beta-cells. The D1-D2 heteromer agonist SKF83959 transiently decreased Ca?*
influx in wild-type and D1-D2 simultaneously overexpressed beta-cells (D1D20E). Duolink
proximity ligation assay showed the formation of D1-D2 heteromer in primary beta-cells.
Furthermore, D20OE showed a toxic effect in the presence of DA that was recovered by D1D20E.
In conclusion, D1 and D2 forms heteromer in beta-cells and transiently inhibits insulin secretion.
The results suggest that D1 plays a protective role through D1-D2 heteromer formation from the
toxic effects of D2 activation.
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