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• General information on insulin secretion
– Insulin secreting cells � Pancreatic islet ��cells
– Cellular mechanism of glucose stimulated insulin secretion
– Model of glucose-stimulated insulin secretion

• Dissecting the elements of insulin secretion
– Glucose transporter 2 (GLUT2)
– Glucokinase (GK)
– Mitochondrial signals
– ATP-sensitive Potassium channel (K+

ATP-channel)
– L-type Voltage-dependent Ca2+-channels (L-VDCC)

• Regulation of insulin secretion by GLP-1, GIP, and 
CCK

• Therapeutic strategies on insulin secretion

Outline



Architecture of the pancreas and cell distribution within the 
islets of Langerhans

Martinic MM, von Herrath MG: Immunol Rev 221:200-213, 2008
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Schematic Illustration of Pancreatic Islet
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Insulin Secretion Pathway in �-cells



Static Incubation
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Grodsky (1989) Diabetes 38:673
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Granule Pools in the Mouse �-cell

Straub & Sharp, (2002) Diabetes Metab Res Rev; 18: 451-463



Confocal images of 22 mM glucose-induced exocytosis of insulin-
GFP. MIN6 cells expressing insulin-GFP were stimulated by 22 mM
glucose. 

Ohara-Imaizumi, M., and Nagamatsu, S. 2006. Insulin Exocytotic Mechanism by Imaging Technique. J Biochem 140:1-5.
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Glucose regulation of insulin release is mediated by 
metabolic signals.

Glucose sensor in pancreatic �-cells

•1) Glucose must be metabolized by 
�-cells to induce insulin secretion.
This conclusion was based on the 
evidence that the insulinotropic effect 
of glucose is inhibited by agents that 
interfere with glucose metabolism and 
is mimicked only by metabolized 
sugars. 

•2) Ca2+ is essential for insulin 
secretion. This was established by 
the demonstration that glucose does 
not stimulate insulin secretion in the 
absence of extracellular Ca2+. 
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Glucose sensor in pancreatic �-cells

3) Pancreatic �–cells are electrically excitable. This was shown by the 
recording of action potentials in glucose-stimulated �-cells.



Model of glucose-induced insulin release



The Key Elements in Insulin Secretion

• Glucose transport 2 (GLUT2)
• Glucokinase (GK)
• Mitochondria
• ATP-sensitive K+ channels (K+

ATP-
channels)

• Voltage-dependent Ca2+-channels (VDCC)
• Exocytosis 



Found in adipose tissues and striated muscle (skeletal muscle and 
cardiac muscle).

SLC2A4GLUT4

Expressed mostly in neurons (where it is believed to be the main 
glucose transporter isoform), and in the placenta.

SLC2A3GLUT3

Is expressed by renal tubular cells and small intestinal epithelial 
cells that transport glucose, liver cells and pancreatic � cells. All 
three monosaccharides are transported from the intestinal mucosal 
cell into the portal circulation by GLUT2

SLC2A2GLUT2

Is widely distributed in fetal tissues. In the adult, it is expressed at 
highest levels in erythrocytes and also in the endothelial cells of 
barrier tissues such as the blood-brain barrier. However, it is 
responsible for the low-level of basal glucose uptake required to 
sustain respiration in all cells.

SLC2A1GLUT1

DistributionGeneName

Glucose Transporters



GLUT2 has high capacity but low affinity (high 
Km, ca. 5 mM) part of "the glucose sensor" in 
pancreatic ß-cells. It is a very efficient carrier 
for glucose. This receptor is insulin-
independent.

GLUT2 is found in cellular membranes of:
Liver
Pancreatic beta cells
Hypothalamus
Basolateral membrane of small intestine
Basolateral membrane of renal tubular cells

Glucose Transporter 2



Distribution pattern of GLUT2 transporters in neonatal and adult pancreatic islets in neonatal (A) and 
adult tissues (B). From left to right: insulin immunofluorescence (red), GLUT2 immunofluorescence (green), and merger of 
both images. Scale bar, 50 μm. 

Am J Physiol Endocrinol Metab 292: E1018-E1029, 2007



Genetics  Evidence



Experimental Evidence



•Two important kinetic properties distinguish glucokinase from 
the other hexokinases, allowing it to function in a special role 
as glucose sensor.

•Glucokinase has a lower affinity for glucose than the other 
hexokinases. Glucokinase changes conformation and/or function in 
parallel with rising glucose concentrations in the physiologically 
important range of 4-10 mmol/L (72-180 mg/dl). It is half-saturated at 
a glucose concentration of about 8 mmol/L (144 mg/dl). 

•Glucokinase is not inhibited by its product, glucose-6-phosphate. This 
allows continued signal output (e.g, to trigger insulin release) amid 
significant amounts of its product.

These two features allow it to regulate a "supply-driven" 
metabolic pathway: i.e., the flow through the pathway is 
driven by the glucose supply, not the demand for end-
products.

Glucokinase



Genetics  Evidence



Experimental Evidence



Mitochondria signals



Experimental Evidence



Effect of hyperglycemia on mitochondrial electron-transport 
chain function in the pancreatic � cell. 

hyperglycemia-induced mitochondrial superoxide activates UCP2-mediated 
proton leak, thus lowering ATP levels and impairing glucose-stimulated insulin 
secretion. 



K+
ATP channels and insulin secretion

• D-glucose inhibits potassium efflux from 
pancreatic islet cells 

• mutations that reduce KATP channel activity 
underlie many of persistent hyperinsulinemia 

• Sulfonylureas that inhibit KATP channels enhance 
insulin secretion in type II diabetics

• Diazoxide that activates KATP channels inhibits 
insulin secretion

• Depolarization of the islets by exposure to high 
[K+] causes a transient insulin release 



Structure of K+
ATP-channels



Volume 336:703-706 March 6, 1997 Number 10

Familial Persistent Hyperinsulinemic Hypoglycemia of Infancy and
Mutations in the Sulfonylurea Receptor

Mark J. Dunne, Ph.D., Charlotte Kane, Ph.D., Ruth M. Shepherd, Ph.D., Jorge A. Sanchez, Ph.D., Roger F.L. 
James, Ph.D., Paul R.V. Johnson, M.D., Albert Aynsley-Green, M.D., D.Phil., Shan Lu, B.S., John P. Clement, 

Ph.D., Keith J. Lindley, M.D., Ph.D., Susumu Seino, M.D., D.M.Sci., Lydia Aguilar-Bryan, M.D., Ph.D., 
Gabriela Gonzalez, B.S., and Peter J. Milla, M.D. 

Clinical Findings
This infant had severe hyperinsulinism; stable normoglycemia and fasting for more than four hours 
could not be achieved, despite increases in the infant's carbohydrate intake and treatment with several 
hyperglycemic drugs (glucagon, diazoxide, and nifedipine). The severity of the disease was reflected 
by the failure of subtotal (approximately 95 percent) pancreatectomy to restore normoglycemia and the 
need to perform a near-total (99 percent) pancreatectomy.



A: paradigmatic role of the ATP-sensitive potassium (KATP) channel in normal coupling of glucose levels to insulin secretion. B: probable 
membrane topology of SUR1 and Kir6.2, indicating mutations associated with hyperinsulinemic hypoglycemia of infancy (HI). C: nucleotide 
regulation of KATP channels. ATP4 binds to the Kir6.2 subunit to close KATP channels. When coupled to the SUR1 subunit, SUR1 exerts a 
hypersensitizing effect on channel activity to increase sensitivity to ATP. This hypersensitizing switch is turned off by nucleotide hydrolysis at 
the SUR1 nucleotide binding folds (NBFs), and this effect is mimicked, or enhanced, by MgADP or diazoxide. 

Huopio et al. Am J Physiol Endocrinol Metab 283: E207-E216, 2002

KATP channels and insulin secretion disorders 



Genetic manipulation of KATP in mice: 
models of HI and diabetes? 

Prediction: 
• Mutations that increase KATP channel 

activity should inhibit glucose-stimulated 
insulin secretion leading to a diabetic 
phenotype.

• Mutations that abolish KATP channel 
activity should increase glucose-
stimulated insulin secretion leading to HI.





Genetic manipulation of KATP in mice: 
models of HI and diabetes? 

Prediction: 
• Mutations that increase KATP channel 

activity should inhibit glucose-stimulated 
insulin secretion leading to a diabetic 
phenotype.

• Mutations that abolish KATP channel 
activity should increase glucose-
stimulated insulin secretion leading to HI.



• Transgenic mice expressing a dominant-
negative mutant of Kir6.2 (Kir6.2[G132S]) in �-
cells that abolishes KATP currents 
– Neonatal transgenic mice exhibit relatively high levels 

of serum insulin despite hypoglycemia, thus 
resembling HI in humans, but they rapidly develop 
hyperglycemia and reduced insulin secretion. 

• The Kir6.2-KO mice lack KATP channel activity. 
– no significant insulin secretion in response to either 

glucose or tolbutamide is found in Kir6.2-/-.

Genetic manipulation of KATP in 
mice: models of HI and diabetes? 



Voltage Dependent Ca2+ Channels

• VDCC activation contributes a 
depolarizing current by allowing calcium 
influx and this activation generally occurs 
only at depolarized membrane potentials.

• L-type Ca2+ channels (LTCCs) �
Sensitive to dihydropuridines (DHPs)







LTCCs are multimeric complexes of subunits formed by an �1 pore-forming protein associated to three auxiliary subunits (�2-
�, �, and � ). Four genes encode the pore-forming subunit (Cav1.1 - Cav1.4). The primary structure, �1, is represented in the 
figure showing the four domains composed of six transmembrane segments. Schematic representation of the knock-in 
mutation in the CaV1.2 gene (Thr1066 to Tyr) realized by Sinnegger-Brauns and coworkers to discriminate in vivo the 
contributions of CaV1.2 and CaV1.3 to various physiological functions. 
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Model of Glucose-Stimulated Insulin Secretion
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� GLP-1 and GIP � stimulate insulin secretion primarily 
through increasing the cytosolic concentration of cAMP by 
activation of adenylate cyclase via Gs. 

� Cholinergic muscarinic agonists, such as carbachol (CCh), 
and peptide hormones, such as cholecystokinin (CCK)�
stimulate insulin secretion by activating phospholipase C 
(PLC) with the subsequent generation of IP3 and DAG from 
membrane phospholipids.

� �2-adreno-receptor agonists, somatostatin and galanin---
suppress insulin secretion by inhibition of adenylate cyclase
and reduction of intracellular cAMP.

Regulation of Insulin Secretion by Other Hormones
Positive regulator:

Negative regulator:




