The D-Day of ghrelin
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Ghrelin has emerged as an important player in the regulation of
glucose homeostasis. During caloric restriction, the presence of acyl
ghrelin (the active isoform) is necessary for the defense against hy-
poglycemia and survival [1]. In fasted humans, ghrelin administration
enhances growth hormone (GH) secretion, suppresses insulin release
and promotes insulin resistance to maintain normoglycemia [2]. The
exact mechanism for the insulinostatic effect of ghrelin is not known.
Ghrelin is secreted primarily by gastric endocrine cells, although a
novel endocrine cell type (¢ cells) in the pancreatic islet [3] also pro-
duces ghrelin raising the possibility of intra-islet regulation. Ghrelin has
been shown to activate its receptor, the GH secretagogue receptor
(GHSR) 1a, on P cells to inhibit glucose-stimulated insulin secretion
(GSIS) through a Gaj» signaling pathway [4] and acts directly on o cells
to stimulate glucagon secretion by elevating intracellular calcium and
promoting ERK phosphorylation [5]. Another major inhibitor of insulin
secretion from [ cells is somatostatin (SST) through the SST receptor
subtype-5 (SSTRS). Park and colleagues reported collaborative actions
between ghrelin and SST via their receptors in INS-1 B cells to
modulate GSIS during low- and high-energy balance states [6]. The
close proximity of islet cells makes it difficult to distinguish between
direct and indirect effects of hormones on  cells. However, the recent
advances in molecular genetic techniques and next-generation
sequencing allows for unbiased evaluation of gene expression in in-
dividual cells and provides a unique opportunity to intercept cross talk
between pancreatic islet cells. In this issue of Molecular Metabolism,
DiBruccio et al. [7] report a novel insulinostatic mechanism of ghrelin
by acting directly on d cells to promote SST release.

Little is known about the factors that regulate & cell function despite
these being the third most prevalent islet cell type. DiGruccio and
colleagues generated a triple transgenic reporter mouse that enabled
FACS purification of o, B and d cells from the same islets. Compre-
hensive transcriptomes for each of the three islet cell types was
performed. Static and perifusion assays were performed in both mouse
and human islets to measure SST secretion from d cells. Using RNA
sequencing, fluorescent in situ hybridization (FISH), and gPCR ana-
lyses, they found that the Ghsr gene was abundantly and selectively
expressed in O cells. Stimulation of mouse and human islets with
ghrelin produced a robust increase in glucose-stimulated SST secre-
tion, and stimulation of calcium responses in d cells in intact mouse
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islets. Des-Acyl-ghrelin, which does not activate the GHSR-1a, did not
potentiate SST secretion or block ghrelin-induced SST release.
Furthermore, the authors showed that ghrelin inhibited GSIS from 3
cells in a SST-dependent manner.

The SST-secreting o cells provide essential negative feedback to the
maintenance of glucose homeostasis by inhibiting the secretion of
insulin and glucagon from their neighboring B and o cells, respectively.
Disruptions in this intra-islet feedback loop contribute to the imbalance
of insulin and glucagon release and the development of diabetes
mellitus. The authors previously found that Urocortin3 (Ucn3) mediates
SST inhibition of insulin secretion by amplifying SST release from
O cells [8]. In this new study, they uncovered a novel paradigm in
which ghrelin acts directly on & cells independently of Ucn3 to stim-
ulate SST secretion. This finding may also be relevant to the in vivo
effect observed in humans. Ghrelin cells are present in most islets in
the human pancreas. It has been reported that 35—45% of the
circulating ghrelin comes from tissues outside of the stomach in
humans as compared to only 20% in rats [3]. More than a decade ago,
Arosio et al. observed that acute ghrelin administration significantly
increased circulating GH, SST, and pancreatic polypeptide levels in
healthy individuals, accompanied by a decrease in plasma insulin level
and an increase in plasma glucose [9]. However, the contribution of the
intra-islet ghrelin regulation of islet hormone secretion to glucose
homeostasis is far from being established.

Findings from this research also raise questions and controversies.
Several groups have reported that GHSR was expressed by 3 cells [10]
and o cells [5] and that ghrelin inhibited insulin release and promoted
glucagon secretion via actions on the GHSR in these cells [5,11]. In the
present study, GHSR expression is reported to be absent from primary
B and o cells. This suggests that any effect of ghrelin on insulin and
glucagon secretion is indirect and likely occurs through a paracrine or
neural mechanism. These discrepancies may be attributed to the use
of whole islets and (- and a.-) cell lines in the previous publications as
opposed to sorted primary islet cells in the current study. Islet glucagon
secretion was not measured in the present study. One would expect
glucagon secretion to be reduced if the suppressive effect of SST
dominates the stimulatory effect of the falling insulin on the c-cell. This
hypothesis will need to be directly tested in future studies. It is worth
noting that while the SSTRs are an integral part of the intra-islet
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signaling system, they only account for a small fraction (3.5%) of the
whole islet transcriptomes. It is possible that ghrelin may engage other
molecular signals or other receptors within the islet to coordinate its
effects on insulin and glucagon secretion.

In summary, the data reported here make a strong case that o cells are
the primary site of islet regulation by ghrelin. Future studies are needed
to confirm the current findings and to elucidate the complex interplay
between islet hormones under physiological and pathological condi-
tions. However, the present findings add to a growing body of
experimental evidence for the importance of intra-islet regulation.

ACKNOWLEDGMENTS

This work is supported by the following grants - RO R01DK097550 (JT).

REFERENCES

[1] Zhao, T.J., Liang, G., Li, R.L., Xie, X., Sleeman, M.W., Murphy, A.J., et al.,
2010. Ghrelin O-acyltransferase (GOAT) is essential for growth hormone-
mediated survival of calorie-restricted mice. Proceedings of the National
Academy of Sciences of the United States of America 107(16):7467—7472.
Tong, J., Prigeon, R.L., Davis, H.W., Bidlingmaier, M., Tschop, M.H.,
D’Alessio, D., 2013. Physiologic concentrations of exogenously infused
ghrelin reduces insulin secretion without affecting insulin sensitivity in
healthy humans. Journal of Clinical Endocrinology & Metabolism 98(6):
2536—2543.
[3] Wierup, N., Sundler, F., Heller, R.S., 2014. The islet ghrelin cell. Journal of
Molecular Endocrinology 52(1):R35—R49.
[4] Dezaki, K., Kakei, M., Yada, T., 2007. Ghrelin uses Galphai2 and activates
voltage-dependent K+ channels to attenuate glucose-induced Ca2+ signaling

[2

434

and insulin release in islet beta-cells: novel signal transduction of ghrelin.

Diabetes 56(9):2319—2327.

Chuang, J.C., Sakata, I., Kohno, D., Perello, M., Osborne-Lawrence, S.,

Repa, J.J., et al., 2011. Ghrelin directly stimulates glucagon secretion from

pancreatic alpha-cells. Molecular Endocrinology 25(9):1600—1611.

[6] Park, S., Jiang, H., Zhang, H., Smith, R.G., 2012. Modification of ghrelin re-
ceptor signaling by somatostatin receptor-5 regulates insulin release. Pro-
ceedings of the National Academy of Sciences of the United States of America
109(46):19003—19008.

[71 DiGruccio, Michael R., Mawla, Alex M., Donaldson, Cynthia J., Noguchi, Glyn

M., Vaughan, Joan, Cowing-Zitron, Christopher, et al., 2016. Comprehensive

alpha, beta and delta cell transcriptomes reveal that ghrelin selectively acti-

vates delta cells and promotes somatostatin release from pancreatic islets.

Molecular Metabolism 5(7):449—458.

van der Meulen, T., Donaldson, C.J., Caceres, E., Hunter, A.E., Cowing-Zitron, C.,

Pound, L.D., et al., 2015. Urocortin3 mediates somatostatin-dependent negative

feedback control of insulin secretion. Nature Medicine 21(7):769—776.

[9] Arosio, M., Ronchi, C.L., Gebbia, C., Cappiello, V., Beck-Peccoz, P.,
Peracchi, M., 2003. Stimulatory effects of ghrelin on circulating somatostatin
and pancreatic polypeptide levels. Journal of Clinical Endocrinology & Meta-
bolism 88(2):701—704.

[10] Granata, R., Settanni, F., Biancone, L., Trovato, L., Nano, R., Bertuzzi, F., et al.,
2007. Acylated and unacylated ghrelin promote proliferation and inhibit
apoptosis of pancreatic beta-cells and human islets: involvement of 3’,5'-
cyclic adenosine monophosphate/protein kinase A, extracellular signal-
regulated kinase 1/2, and phosphatidyl inositol 3-Kinase/Akt signaling.
Endocrinology 148(2):512—529.

[11] Kurashina, T., Dezaki, K., Yoshida, M., Sukma Rita, R., Ito, K., Taguchi, M.,
et al., 2015. The beta-cell GHSR and downstream cAMP/TRPM2 signaling
account for insulinostatic and glycemic effects of ghrelin. Scientific Reports 5:
14041.

[5

)

[8

=

MOLECULAR METABOLISM 5 (2016) 433—434 © 2016 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (htip://creativecommons.org/licenses/by-nc-nd/4.0/).

www.molecularmetabolism.com


http://refhub.elsevier.com/S2212-8778(16)30039-4/sref1
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref1
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref1
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref1
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref1
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref2
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref2
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref2
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref2
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref2
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref2
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref3
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref3
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref3
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref4
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref5
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref5
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref5
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref5
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref6
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref6
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref6
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref6
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref6
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref7
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref7
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref7
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref7
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref7
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref7
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref8
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref8
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref8
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref8
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref9
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref9
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref9
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref9
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref9
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref10
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref11
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref11
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref11
http://refhub.elsevier.com/S2212-8778(16)30039-4/sref11
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.molecularmetabolism.com

	The D-Day of ghrelin
	Acknowledgments
	References


