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promoting α cell proliferation. Notably, co-activation of 
Gq and mTORC1 is sufficient for inducing pancreatic α cell 
proliferation in the absence of hyperaminoacidemia [12].

CaSR is a class C G-protein-coupled Receptor (GPCR) 
that senses L-AA and Ca2+ among other endogenous 
ligands [13,14]. CaSR is expressed not only in calcitropic 
tissues (eg. parathyroid glands, kidney and breast), but 
also in noncalcitropic tissues including enteroendocrine 
and pancreatic islets [13]. In the pancreatic islets, CaSR is 
highly expressed in α and β cells, and regulates the secretion 
of these pancreatic endocrine cells [15,16]. Importantly, 
CaSR also regulates cell proliferation, as its mutation or 
aberrant activation is associated with various cancers and 
alters pancreatic islet mass [17-19]. These clues advanced 
CaSR as a candidate in mediating hyperaminoacidemia-
induced pancreatic α cell proliferation. 

In our study, we first identified that CaSR is cell-
autonomously required for hyperaminoacidemia-induced 
α cell proliferation in zebrafish and mouse islets [12]. 
CaSR couples to multiple heterotrimeric G-proteins 
(Gq/11, Gi/o, or G12/13) to regulate intracellular signal 
transduction cascades [20,21]. Using Designer Receptors 
Exclusively Activated by Designer Drugs (DREADDs) in 
zebrafish, we found that CaSR signals through Gq not Gi, 
to mediate α cell proliferation. Importantly, co-activation 
of Gq and mTORC1 was sufficient for α cell proliferation 
in normal aminoacidemia [12]. CaSR-Gq cascades induce 
elevated cytosolic calcium concentrations and activate the 
Mitogen Activated Protein Kinase (MAPK) pathway, which 
ultimately phosphorylate and activate ERK1/220. Our 
study also demonstrated that Mek1/2-ERK1/2 was the 
downstream effector of CaSR-Gq. Unexpectedly, we also 
found that CaSR-Gq-ERK1/2 was required for mTORC1 
activation in mediating hyper aminoacidemia-induced 
α cell proliferation [12]. We therefore identified the two 
major necessary and sufficient pathways activated by 
hyperaminoacidemia to promote α cell proliferation. As 
such, we revealed a previously unknown physiological 
role of CaSR in the liver-α cell axis.

Our recent study also raises further questions: 1. 

DESCRIPTION

Glucagon was discovered 100 years ago by Kimball and 
John due to its potent glucogenic activity [1]. Aside from 
promoting glucose production using glucogenic Amino 
Acids (AA) and other substrates, glucagon is also a crucial 
hormone in stimulating Amino Acids (AA) catabolism by 
activating ureagenesis in the liver [2-4]. Loss of Glucagon 
Receptor (GCGR) function results in marked increase 
of plasma AA concentration (hyper aminoacidemia) 
from zebrafish to humans. Hyper aminoacidemia in 
turn promotes compensatory proliferation of glucagon-
producing α cells [5-8], revealing a liver-α cell axis that 
tunes α cell mass and function with glucagon signaling 
in the liver [9,10]. How hyperaminoacidemia promotes α 
cell proliferation specifically is not well understood.  

Not surprisingly, previous studies have identified 
an essential role for the AA sensor mTORC1 in 
hyperaminoacidemia-induced α cell proliferation [8]. 
In zebrafish and mice, the small neutral AA transporter 
Slc38a5, or SNAT5, is also important for the compensatory 
α cell proliferation. However, genetic activation of mTORC1 
alone in mouse α cells failed to induce α cell hyperplasia 
in neonatal islets. Although increased proliferation was 
detected in adult mice due to impaired GCGR function in 
the liver, the increase is significantly lower than in Gcgr-
/- islets [11]. Thus, other cell intrinsic signals may also 
be involved in the compensatory α cell proliferation. 
Identification of the additional pathways is therefore 
important for understanding how hyperaminoacidemia 
stimulates α cell proliferation. Our recent study uncovered 
that the AA-sensitive Calcium Sensing Receptor (CaSR), 
via Gq signaling pathway, synergized with mTORC1 in 
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What is the exact interplay between CaSR-Gq-ERK1/2 
and mTORC1 during hyper aminoacidemia inducing α 
cell proliferation? 2. Why α cell is specifically sensitive to 
hyper aminoacidemia? We believe the upcoming studies 
by us or others will answer these questions soon.

ACKNOWLEDGEMENT

We thank Drs. Alvin Powers and Danielle Dean for 
collaboration and members of the Chen lab for discussion. 
This work is supported by and NIH grant (R01DK117147) 
to WC.

REFERENCES

1. Cantley J, Poitout V, Hull-Meichle RL. 100 years of glucagon 
anniversary. J Endocrinol. 2023; 258(3): e230138.[PMID: 
37194667]

2. Charlton MR, Adey DB, Nair KS. Evidence for a catabolic 
role of glucagon during an amino acid load. J Clin Invest. 1996; 
98(1): 90-99.[PMID: 8690809]

3. Dean ED. A primary role for α-cells as amino acid sensors. 
Diabetes. 2020; 69(4):542-549.[PMID: 31653720]

4. Holst JJ, Wewer Albrechtsen NJ, Pedersen J, Knop FK. 
Glucagon and amino acids are linked in a mutual feedback 
cycle: The liver-α-cell axis. Diabetes. 2017; 66(2): 235-240.
[PMID: 28108603]

5. Kim J, Okamoto H, Huang Z, Anguiano G, Chen S, Liu Q, et al. 
Amino acid transporter Slc38a5 controls glucagon receptor 
inhibition-induced pancreatic α cell hyperplasia in mice. Cell 
Metab. 2017;25(6):1348-1361.[PMID: 28591637]

6. Dean ED, Li M, Prasad N, Wisniewski SN, Von Deylen 
A, Spaeth J, et al. Interrupted glucagon signaling reveals 
hepatic alpha cell axis and role for L-glutamine in alpha cell 
proliferation. Cell Metab. 2017; 25(6):1362-1373.[PMID: 
28591638]

7. Galsgaard KD, Winther-Sørensen M, Ørskov C, Kissow 
H, Poulsen SS, Vilstrup H, et al. Disruption of glucagon 
receptor signaling causes hyperaminoacidemia exposing a 
possible liver-alpha-cell axis. Am J Physiol Endocrinol Metab. 
2018;314(1): E93-E103.[PMID: 28978545]

8. Solloway MJ, Madjidi A, Gu C, Eastham-Anderson J, Clarke 
HJ, Kljavin N, et al. Glucagon couple’s hepatic amino acid 
catabolism to mTOR-dependent regulation of α-cell mass. Cell 
Rep. 12(3): 495-510 (2015).[PMID: 26166562]

9. Longuet C, Robledo AM, Dean ED, Dai C, Ali S, McGuinness I, 
et al. Liver-specific disruption of the murine glucagon receptor 
produces α-cell hyperplasia: evidence for a circulating α-cell 
growth factor. Diabetes 2013;62(4):1196-1205.[PMID: 
23160527]

10. Chen M, Gavrilova O, Zhao WQ, Nguyen A, Lorenzo J, Shen 

L, et al. Increased glucose tolerance and reduced adiposity 
in the absence of fasting hypoglycemia in mice with liver-
specific Gs α deficiency. J Clin Invest. 2005;115(11):3217-
3227.[PMID: 16239968]

11. Lubaczeuski C, Blandino-Rosano M, Barker G, Gittes GK, 
Caicedo A, Bernal-Mizrachi E, et al. Glucagon resistance and 
decreased susceptibility to diabetes in a model of chronic 
hyperglucagonemia. Diabetes. 2021; 70(2):477-491.[PMID: 
33239450]

12. Gong Y, Yang B, Zhang D, Zhang Y, Tang Z, Yang L, et 
al. Hyperaminoacidemia induces pancreatic alpha cell 
proliferation via synergism between the mTORC1 and CaSR-
Gq signaling pathways. Nat Commun. 2023;14(1): 235.[PMID: 
36646689]

13. Hannan FM, Kallay E, Chang W, Brandi ML, Thakker RV. The 
calcium-sensing receptor in physiology and in calcitropic and 
noncalcitropic diseases. Nat Rev Endocrinol. 2018;15(1):33-
51. [PMID: 30443043]

14. Busque SM, Kerstetter JE, Geibel JP, Insogna K. L-Type 
amino acids stimulate gastric acid secretion by activation of 
the calcium-sensing receptor in parietal cells. Am J Physiol 
Gastrointest Liver Physiol. 2005;289(4):G664-G669.[PMID: 
15961860]

15. Regard JB, Sato IT, Coughlin SR. Anatomical profiling of G 
protein-coupled receptor expression. Cell. 2008;135(3): 561-
571.[PMID: 18984166]

16. Squires PE, Harris TE, Persaud SJ, Curtis SB, Buchan 
AM, Jones PM. The extracellular calcium-sensing receptor 
on human b-cells negatively modulates insulin secretion. 
Diabetes. 2000;49(3):409-417.[PMID: 10868962]

17. Kwak JO, Kwak J, Kim HW, Oh KJ, Kim YT, Jung SM, et al. 
The extracellular calcium sensing receptor is expressed in 
mouse mesangial cells and modulates cell proliferation. Exp 
Mol Med. 2005; 37(5):457-465.[PMID: 16264270]

18. Babinsky VN, Hannan FM, Ramracheya RD, Zhang Q, 
Nesbit MA, Hugill A, et al. Mutant mice with calcium-sensing 
receptor activation have hyperglycemia that is rectified by 
calcilytic therapy. Endocrinology. 2017;158(8): 2486-2502.
[PMID: 28575322]

19. Kim W, Wysolmerski JJ. Calcium-sensing receptor in 
breast physiology and cancer. Front Physiol. 2016;7:440.
[PMID: 27746743]

20. Conigrave AD, Ward DT. Calcium-sensing receptor (CaSR): 
pharmacological properties and signaling pathways. Best 
Pract Res Clin Endocrinol Metab. 2013;27(3): 315-331.
[PMID: 23856262]

21. Zhu H, Roth BL. DREADD: a chemogenetic GPCR signaling 
platform. Int J Neuropsychopharmacol. 2014;18(1): pyu007.
[PMID: 25522378]

JOP. Journal of the Pancreas - www.primescholars.com/pancreas.html/ - Vol. 23 No. S8 –            2023. [ISSN 1590-8577]

DesensitizeandMaketheTransplant Possible. JOP. J Pancreas. (2023) 23:7  -8  .

July

JOP. J Pancreas (Online) 2023 September 1  ;23(S8): 7-8.5

September

https://joe.bioscientifica.com/view/journals/joe/258/3/JOE-23-0138.xml
https://joe.bioscientifica.com/view/journals/joe/258/3/JOE-23-0138.xml
https://pubmed.ncbi.nlm.nih.gov/37194667/
https://pubmed.ncbi.nlm.nih.gov/37194667/
https://dm5migu4zj3pb.cloudfront.net/manuscripts/118000/118782/cache/118782.1-20201218131533-covered-e0fd13ba177f913fd3156f593ead4cfd.pdf
https://dm5migu4zj3pb.cloudfront.net/manuscripts/118000/118782/cache/118782.1-20201218131533-covered-e0fd13ba177f913fd3156f593ead4cfd.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC507404/
https://www.semanticscholar.org/paper/A-Primary-Role-for-%CE%B1-Cells-as-Amino-Acid-Sensors-Dean/fc90a0a3ec43b5a5b9e0bd507e8b5c17bb8e2d82
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7085241/
https://diabetesjournals.org/diabetes/article/66/2/235/35269/Glucagon-and-Amino-Acids-Are-Linked-in-a-Mutual
https://diabetesjournals.org/diabetes/article/66/2/235/35269/Glucagon-and-Amino-Acids-Are-Linked-in-a-Mutual
https://pubmed.ncbi.nlm.nih.gov/28108603/
https://www.cell.com/cell-metabolism/pdf/S1550-4131(17)30294-2.pdf
https://www.cell.com/cell-metabolism/pdf/S1550-4131(17)30294-2.pdf
https://pubmed.ncbi.nlm.nih.gov/28591637/
https://scholars.duke.edu/publication/1259139
https://scholars.duke.edu/publication/1259139
https://scholars.duke.edu/publication/1259139
https://pubmed.ncbi.nlm.nih.gov/28591638/
https://pubmed.ncbi.nlm.nih.gov/28591638/
https://journals.physiology.org/doi/full/10.1152/ajpendo.00198.2017
https://journals.physiology.org/doi/full/10.1152/ajpendo.00198.2017
https://journals.physiology.org/doi/full/10.1152/ajpendo.00198.2017
https://pubmed.ncbi.nlm.nih.gov/28978545/
https://www.cell.com/cell-reports/pdfExtended/S2211-1247(15)00646-4
https://www.cell.com/cell-reports/pdfExtended/S2211-1247(15)00646-4
https://pubmed.ncbi.nlm.nih.gov/26166562/
https://einstein.elsevierpure.com/en/publications/liver-specific-disruption-of-the-murine-glucagon-receptor-produce-2/fingerprints/
https://einstein.elsevierpure.com/en/publications/liver-specific-disruption-of-the-murine-glucagon-receptor-produce-2/fingerprints/
https://einstein.elsevierpure.com/en/publications/liver-specific-disruption-of-the-murine-glucagon-receptor-produce-2/fingerprints/
https://pubmed.ncbi.nlm.nih.gov/23160527/
https://pubmed.ncbi.nlm.nih.gov/23160527/
https://www.jci.org/articles/view/24196
https://www.jci.org/articles/view/24196
https://www.jci.org/articles/view/24196
https://pubmed.ncbi.nlm.nih.gov/16239968/
https://figshare.com/articles/figure/Glucagon_resistance_and_decreased_susceptibility_to_diabetes_in_a_model_of_chronic_hyperglucagonemia/13256231/2
https://figshare.com/articles/figure/Glucagon_resistance_and_decreased_susceptibility_to_diabetes_in_a_model_of_chronic_hyperglucagonemia/13256231/2
https://figshare.com/articles/figure/Glucagon_resistance_and_decreased_susceptibility_to_diabetes_in_a_model_of_chronic_hyperglucagonemia/13256231/2
https://pubmed.ncbi.nlm.nih.gov/33239450/
https://pubmed.ncbi.nlm.nih.gov/33239450/
https://www.nature.com/articles/s41467-022-35705-4
https://www.nature.com/articles/s41467-022-35705-4
https://www.nature.com/articles/s41467-022-35705-4
https://pubmed.ncbi.nlm.nih.gov/36646689/
https://pubmed.ncbi.nlm.nih.gov/36646689/
https://www.nature.com/articles/s41574-018-0115-0
https://www.nature.com/articles/s41574-018-0115-0
https://www.nature.com/articles/s41574-018-0115-0
https://pubmed.ncbi.nlm.nih.gov/30443043/
https://journals.physiology.org/doi/full/10.1152/ajpgi.00096.2005
https://journals.physiology.org/doi/full/10.1152/ajpgi.00096.2005
https://journals.physiology.org/doi/full/10.1152/ajpgi.00096.2005
https://pubmed.ncbi.nlm.nih.gov/15961860/
https://pubmed.ncbi.nlm.nih.gov/15961860/
https://www.sciencedirect.com/science/article/pii/S009286740801129X
https://www.sciencedirect.com/science/article/pii/S009286740801129X
https://pubmed.ncbi.nlm.nih.gov/18984166/
https://watermark.silverchair.com/10868962.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA0EwggM9BgkqhkiG9w0BBwagggMuMIIDKgIBADCCAyMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMEFl54ZO4kCA4lN8cAgEQgIIC9JhVmiHk3phsES8ktT28lP8bnlzy4uH-v3JCEq5k7ZOsMrjIa0CJ7inZcrIemsjilk7keNElQ8JazbmHCKsHuzlw26Bhq8MH9zL1p6iM-nIZw2vvSUiLmm_TGD_Cydfj_rc_4SEroa-f6KibVWmCBsUiLzDMJa_EiSvKCCD7chgqxFKIP1W18dRM3vx76GXLkWLAIGkjKOJIXL7-R8wwWdIj8ba3J0yLiwsVWaBKyblIoI3_bOR1AvL2Ad2bi0Q1VIKiQmUXKy3sKFcyYQsBlweho16rbxIDV6rR_YJmPog9HFJoMSJbyP2Fg-fFtFsJDTXTukTnyw1XYQgZulNdyhOrSa7d32NLyJhchEfH31b-UpyCqxNJK278-1b21ebagY-yO2LbKpYGD5keECvNSODL1hq_4dkRCUz6zm7jx1_OpE2XBJ-BQJ6xkUF_AHvALwTcDzRtQKaHNUITtQJIkFl-O61MzUnElqzd20MKegQWONgSUxs67yo8PxvD-jARE3MHYi_kdS8oup1FHV-sEVNKZFdu-meOMkFrS-zxCfYXfOUsCM1gkbdPoKd7se-SPXiRkYn5yzDBz-qdm05fdiM_0sa3oG8owYziJ6UndN_lU_0iI7NNLt081n6OK3-qrs-9oZfz_j_RdcbeBwxIfMwU4tdWHG_lNmEEcLbfsXZ1zCgR6uec1rze9RDjM0d7lIFvG8ANwGeEnK0YY-H6x6tH1n0oL1aFejP3paKKSnGj9ZXOirW3Gw8Xj5ZFXid1w3emhClvb5A2bc6wGPS4nbdnn1HzuwrJdz2bcgTGvoDZdztWKlBax5ki4kH6-ECrYiHUhj8VNM2eJE7YTr4P3Rm4UhNXXNfAtJOQNRBefuG8kQq6Uuo9VGLmcovqOT5pePC87syNJrn_NFkOM-L4419ytV9E1mI-jakYsKAp-X7yCBm5ZLmwyEknS2yObdDOZcedQgmNd3V5oSI8zPz9AcF6_XlHmbtPpCzJcYYQNayvLFCTTA
https://watermark.silverchair.com/10868962.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA0EwggM9BgkqhkiG9w0BBwagggMuMIIDKgIBADCCAyMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMEFl54ZO4kCA4lN8cAgEQgIIC9JhVmiHk3phsES8ktT28lP8bnlzy4uH-v3JCEq5k7ZOsMrjIa0CJ7inZcrIemsjilk7keNElQ8JazbmHCKsHuzlw26Bhq8MH9zL1p6iM-nIZw2vvSUiLmm_TGD_Cydfj_rc_4SEroa-f6KibVWmCBsUiLzDMJa_EiSvKCCD7chgqxFKIP1W18dRM3vx76GXLkWLAIGkjKOJIXL7-R8wwWdIj8ba3J0yLiwsVWaBKyblIoI3_bOR1AvL2Ad2bi0Q1VIKiQmUXKy3sKFcyYQsBlweho16rbxIDV6rR_YJmPog9HFJoMSJbyP2Fg-fFtFsJDTXTukTnyw1XYQgZulNdyhOrSa7d32NLyJhchEfH31b-UpyCqxNJK278-1b21ebagY-yO2LbKpYGD5keECvNSODL1hq_4dkRCUz6zm7jx1_OpE2XBJ-BQJ6xkUF_AHvALwTcDzRtQKaHNUITtQJIkFl-O61MzUnElqzd20MKegQWONgSUxs67yo8PxvD-jARE3MHYi_kdS8oup1FHV-sEVNKZFdu-meOMkFrS-zxCfYXfOUsCM1gkbdPoKd7se-SPXiRkYn5yzDBz-qdm05fdiM_0sa3oG8owYziJ6UndN_lU_0iI7NNLt081n6OK3-qrs-9oZfz_j_RdcbeBwxIfMwU4tdWHG_lNmEEcLbfsXZ1zCgR6uec1rze9RDjM0d7lIFvG8ANwGeEnK0YY-H6x6tH1n0oL1aFejP3paKKSnGj9ZXOirW3Gw8Xj5ZFXid1w3emhClvb5A2bc6wGPS4nbdnn1HzuwrJdz2bcgTGvoDZdztWKlBax5ki4kH6-ECrYiHUhj8VNM2eJE7YTr4P3Rm4UhNXXNfAtJOQNRBefuG8kQq6Uuo9VGLmcovqOT5pePC87syNJrn_NFkOM-L4419ytV9E1mI-jakYsKAp-X7yCBm5ZLmwyEknS2yObdDOZcedQgmNd3V5oSI8zPz9AcF6_XlHmbtPpCzJcYYQNayvLFCTTA
https://pubmed.ncbi.nlm.nih.gov/10868962/
https://www.nature.com/articles/emm200556.pdf
https://www.nature.com/articles/emm200556.pdf
https://pubmed.ncbi.nlm.nih.gov/16264270/
https://academic.oup.com/endo/article/158/8/2486/3860207
https://academic.oup.com/endo/article/158/8/2486/3860207
https://academic.oup.com/endo/article/158/8/2486/3860207
https://pubmed.ncbi.nlm.nih.gov/28575322/
https://www.sciencedirect.com/science/article/pii/S0167488912003898
https://www.sciencedirect.com/science/article/pii/S0167488912003898
https://pubmed.ncbi.nlm.nih.gov/27746743/
https://www.sciencedirect.com/science/article/abs/pii/S1521690X13000717
https://www.sciencedirect.com/science/article/abs/pii/S1521690X13000717
https://pubmed.ncbi.nlm.nih.gov/23856262/
https://academic.oup.com/ijnp/article/18/1/pyu007/650504
https://academic.oup.com/ijnp/article/18/1/pyu007/650504
https://pubmed.ncbi.nlm.nih.gov/25522378/



