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Editorial on the Research Topic 


The pancreatic islet – a multifaceted hub of inter-cellular communication


Islets of Langerhans are spherical clusters of endocrine cells embedded in the pancreatic parenchyma. These micro-organs are essential for the regulation of blood glucose metabolism through the release of insulin and glucagon from beta and alpha cells, respectively. The structural configuration of the islets confers a high degree of homotypic and heterotypic cell-cell contact which facilitates communication between the different cells. This sets the structural/functional basis for rapid and precise islet hormonal responses to systemic metabolic changes.

How do the pancreatic islets develop into this well-organized structure that is fit for their coordinated secretory response? In this Research Topic, Waters and Blum provide an overview of potential novel roles for axon guidance molecules in the formation and regulation of islet structure. Key players such as Slit-Robo, Semaphorin-Neuropilin, Ephrin-Eph and Netrins are considered in the context of islet morphogenesis as providers for chemotactic signalling cues influencing progenitor cell migration and, thus, islet architecture. Furthermore, these molecules are equally important in adult islet function and the implications for their altered functionalities in type 2 diabetes (T2D) are highlighted.

It is becoming evident that not all the beta cells are the same. The heterogeneous beta cell populations are electrically or chemically coupled, forming an insulin-releasing ‘syncytium’, responding to external stimuli (1, 2). The emergence of concepts such as subpopulations, hubs and first responder cells within subpopulations have potential functional implications in health and disease (3). Furthermore, it opens new avenues for the study of network connectivity within and between subpopulations across the islet using systems biology and bioinformatics. In that context, Stožer et al. provides an accessible and comprehensive review, presenting basic principles of network science and evaluating advanced methodologies to construct sophisticated simulations of islet networks based on multicellular imaging techniques. One such approach is exemplified by the original research by Postić et al., combining Ca2+ imaging in pancreatic tissue slices and network analysis to demonstrate the impact of pH on beta-cell connectivity. Current network models rely heavily on Ca2+ imaging data, but, as indicated by Stožer et al., there is scope for promising future developments such as multilayer networks, incorporating additional physiological factors in the computational analysis.

The concept of distinct islet subpopulations, whether that be beta or non-beta cell groups, is a recurrent theme throughout the collection of this special issue, including cell populations with mixed identity. Jin and Korol discuss in their mini-review of gamma-aminobutyric acid (GABA) signalling in human islets, the detection of insulin and glucagon co-expressing cells in tissue from T2D donors. They suggest that these subpopulations may be particularly amenable to modification by components of the GABA system based on observed differential GABAA receptor channel activity in these groups.

Holter et al. similarly reports of transcriptional and functional heterogeneity of islet alpha cells, thus demonstrating that alpha cells exert important roles during the prandial phase that extend well beyond their primary counterregulatory role. This is linked to the production of GLP-1 by alpha cells under stress-related metabolic conditions, combined with the notion that islet-derived glucagon, like GLP-1, can activate GLP-1 receptors on beta cells to enhance insulin release. Subpopulations are thus identified based on cell-specific expression of glucagon, GLP-1 or both and are possibly associated with differences in proliferative capacity and state of cell maturity. The authors suggest that increased GLP-1 production by alpha cells may be an adaptive response to beta cell dysfunction and can promote beta cell proliferation, survival, insulin release and possibly cell-type conversion. In turn, this links to therapeutic potential in T2D and the implications for the current pharmacological targeting of GLP-1/GLP-1R are further evaluated.

The question of islet heterogeneity is extended to type 1 diabetes (T1D) by Brawerman et al. They previously identified a subgroup of beta cells in T1D donor islets characterized by a senescent phenotype associated with permanent growth arrest (4). In the current study they further investigate whether the same holds true for alpha cells, as dysfunctional glucagon secretion is a hallmark of T1D. Their analysis of islets from female NOD mice found distinct alpha-cell subgroups, that were primarily linked to differences in metabolism and immune responses, not to specific markers of senescence. This was corroborated by analysis of published RNA-sequence data as well as staining of alpha cells from human T1D donors. Interestingly, one small subgroup was characterized by both glucagon and somatostatin expression, suggesting altered cell identity as reported above by Jin and Korol. However, this subgroup did not become more prominent with the development of T1D.

Having highlighted islet heterogeneity, it becomes even more pertinent to explore the underlying mechanisms for the co-ordinated response of the whole islet. There remain unanswered questions, but one promising emerging factor is the primary cilia as explored by Pablos et al. and Cho and Hughes, respectively. These rod-like organelles are located at the surface of beta, alpha and delta cells as well as in the exocrine pancreas; they convey signals within and between adjacent cells and differentially express receptors, channels and signalling molecules involved in islet function. Pablos et al. provides an overview of cilia structure, formation and signal transduction in the context of islet function in health and disease and highlights how the study of ciliopathies have provided insights into their functional targets in islets and in the development of diabetes. This is further developed by Cho and Hughes, who, with current experimental models as springboard, discuss the scope of future research directions. The direct involvement of cilia in cell-intrinsic pathways modulating hormone release is considered as well as the potential for islet crosstalk between different cell types and indeed bi-directional signalling via cilia for example involving the axon guidance molecules Ephrin-Eph as highlighted above by Waters and Blum. There are suggestions of exciting avenues of research to pursue as much of the data on the involvement of cilia in islet cell function has been derived from model organisms; data from human islets is much needed in the quest to understand islet function for the management of diabetes.

The aim of this Research Topic was to identify recent advances in our knowledge of how the overall functional capacity of the pancreatic islets is regulated via coordinated intercellular communication between their different components. We have indeed explored islet cell heterogeneity and cross talk but, as indicated by the authors, there are still much to learn and exciting research directions to pursue to further increase our understanding of the highly coordinated release of hormones from the islet.
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