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Somatostatin-secreting δ-cells have aroused great attention due to their powerful roles in coordination of islet

insulin and glucagon secretion and maintenance of glucose homeostasis. δ-cells exhibit neuron-like morphology

with projections which enable pan-islet somatostatin paracrine regulation despite their scarcity in the islets. 
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1. Introduction

The islets of Langerhans are a “heterogeneous community” formed by different types of endocrine cells and

nonendocrine supporting cells. In addition to glucagon-secreting α-cells and insulin-producing β-cells,

somatostatin-releasing δ-cells comprise only ~5% of the islet endocrine cells . δ-cells have aroused great

attention in the last decade due to their powerful roles coordinating islet hormone output and the maintenance of

glucose homeostasis .

δ-cells have been considered the intra-islet local paracrine regulator of α- and β-cells. The peptide they secrete,

somatostatin, is a potent and fast inhibitor for both insulin and glucagon secretion , the two glucose-regulating

islet hormones. Appropriate somatostatin secretion can therefore effectively prevent possible oversecretion of

insulin and glucagon, preventing large fluctuation of plasma glucose levels. Although small in number, δ-cells are

able to communicate with the majority of α- and β-cells in the same islets, a remarkable ability that is attributable to

their unique neuron-like morphology: the dendrite-like process can extend typically several cell lengths, forming a

pan-islet paracrine network . Ablation of this network can lead to severe hypoglycemia, impaired islet function

and neonatal death in rodents , highlighting the functional importance of δ-cells in maintaining glucose

homeostasis. Despite their role in islet function, how exactly δ-cells aAblation of somatostatin cells leads to

impaired pancreatic islet function and neonatal death in rodentsre regulated remains elusive. However,

transcriptomic data from enriched δ-cell fractions revealed that δ-cells express a wide range of hormone and

neurotransmitter receptors, including glucagon receptor (GCGR), glucagon-like peptide-1 receptor (GLP-1R),

glutamate receptor 4 (GluR4) and growth hormone secretagogue receptor (GHSR) , which suggest the ability of

δ-cells to sense paracrine, endocrine, neural and nutritional signals.

2. Structural Basis for δ-Cell Paracrine Regulation

In rodent islets, δ-cells are situated in the outer islet mantle closer to α-cells, while in humans they are found

scattered throughout the islets . However, their proximity to blood vessels is well conserved cross-species.
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Different from the spherical α- and β-cells, mouse δ-cells exhibit neuron-like morphology with a well-defined cell

soma and filopodia-like processes (Figure 1). The elongated projections (ranging from 2 to 27 μm ) are

somatostatin-release competent and can compensate for the scarcity of δ-cells, enabling pan-islet somatostatin

paracrine regulation. This morphological feature is not conserved in all species. In human islets, δ-cells have fewer

axon-like projections and are significantly more compact than mouse δ-cells . However, human δ-cells are

scattered throughout the islets and are intermingled with α- and β-cells. Therefore, their pan-islet paracrine function

is conserved in human islets. It is also intriguing that these projections (or filopodia) are highly plastic, showing

rapid morphological change in response to vascular endothelial growth factor A (VEGF-A) and insulin-like growth

factor 1 (IGF-1) . Therefore, it is possible that the plasticity of δ-cells, together with their epigenetic adaptivity ,

contributes towards the changes of islet function in response to variable metabolic environment.

Figure 1. Immunofluorescent staining of mouse islets. Somatostatin (red), insulin (green, upper panels) or

glucagon (green, lower panels). Merged panels are as indicated and areas in yellow rectangles are displayed on

the right with an expanded scale. These reconstructed confocal images demonstrated the network of δ-cells and

their proximity to α- and β-cells at the exterior of the islet. Note the morphology of δ-cells, which is distinctly

different from α- and β-cells. The elongated projections are highlighted by arrows (white). Scale bar = 20 µm.
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