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Abstract
BackgroundInsulin receptor substrate 2 (IRS-2) is a key regulator of beta cell proliferation and apoptosis. This study was aimed to investigate effect of the glucolipotoxicity on apoptosis in INS-1 cell, and the effect of Exendin-4, a GLP-1 receptor agonist, on IRS-2 expression in the glucolipotoxicity induced INS-1 cell. The goal was to discover the new action mechanism and function of Exendin-4 in beta cell apoptosis.

MethodINS-1 cells were cultured in glucolipotoxic condition for 2, 4 or 6 days and were categorized as G groups. Another group in which 50 nM Exendin-4 was added to INS-1 cells, cultured in glucolipotoxic condition, were named as Ex-4 groups. We investigated the expression of IRS-2 by RT-PCR, phosphorylated IRS-2 and phosphorylated Akt protein levels by western blot. We measured the apoptosis ratio of INS-1 cell in glucolipotoxic condition by TUNEL staining in both groups.

ResultIRS-2 expression of INS-1 cells decreased with correlation to the time of exposure to glucolipotoxic condition. pIRS-2 and pAkt protein levels decreased in the similar pattern in glucolipotoxicity group. However, this effect of glucolipotoxicity on INS-1 cell was inhibited by the Exendin-4 treatment. In the Ex-4 groups, IRS-2 expression, pIRS-2 and pAkt protein levels remained at the similar level to low glucose condition state. Also, apoptosis induced by glucolipotoxicity was suppressed by Exendin-4 treatment significantly.

ConclusionWe showed that the long-term treatment of Exendin-4 inhibited the apoptosis of beta cells significantly in glucolipotoxic condition and that this effect of Exendin-4 was related with IRS-2 and Akt among the beta cell's intracellular signal transduction pathway.
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  Schematic of experimental design. A. Apoptosis measurement of isolated islet cell and INS-1 cell in glucolipotoxicity condition by AO/PI and TUNEL staining. B. Insulin gene expression of isolated islet cell in glucolipotoxicity condition. C. Confirmation of Exendin-4 concentration for INS-1 cell treatment using cAMP assay in three concentration group (Ex-4 0, 10, 100 nM). D. General scheme of INS-1 cell culture were seperated into four groups: low glucose condition, low glucose + 50 nM Exendin-4, Glucolipotoxic condition (GLTx.), GLTx + 50 nM Exendin-4. Insulin and IRS-2 gene expression was measured by RT-PCR and phosphorylated IRS-2 and Akt protein was measured by western blot. E. Apoptosis of INS-1 cell in GLTx group and GLTx + 50 nM Exendin-4 group were measured by TUNEL staining.
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  Apoptosis of the isolated islet cell in glucolipotoxic condition. A. Apoptosis according to the exposure time (2, 4, 8 days) in AO/PI. B. Apoptosis of INS-1 cell in TUNEL staining (arrow: apoptotic cells). Few islet cells were survived in glucolipotoxic condition during 8 days in glucolipotoxic condition (×400).
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  Effect of the glucolipotoxic condition on insulin gene expression in isolated islet cells. Insulin was estimated by RT-PCR. GLTx: glucolipotoxicity.
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  Effect of exendin-4 concentration on Cyclic AMP levels in INS-1 cells. There was little difference in mean value of cAMP levels between 0 nM and 10 nM of Exendin-4 concentration. But, the mean value of cAMP levels in 100 nM of Exendin-4 was significantly higher than that of 10 nM of Exendin-4 concentration. *P < 0.05 vs. Ex-4 0 nM.
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  IRS-2 and insulin gene expression on glucolipotoxic condition vs 50 nM exendin-4 treatment group in INS-1 cells. IRS-2 and insulin gene expression were increased in Exendin-4 treatment group compared with control and glucolipotoxic condition.
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  Phosphorylated IRS-2 and pAkt protein levels in glucolipotoxic condition and effect of the exendin-4 on pIRS-2 and pAkt. A. pIRS-2 and pAkt were increased in Exendin-4 treatment group according to the exposure duration compared with the control group. B. Protective effect of the Exendin-4 treatment that inhibited pIRS-2 and pAkt protein reduction in glucolipotoxic condition.
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  The effect of Exendin-4 on apoptosis in glucolipotoxic condition. A INS-1 cell apoptosis was progressed in glucolipotoxic condition according to prolongation of exposure but, Exendin-4 treatment in the same condition inhibited apoptosis in TUNEL staining (×400). B. The apptosis rate was decreased in Exendin-4 treatment condition significantly (*P < 0.05, †P < 0.01).
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  PCR primer sequences and their product size
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Primer Sequences (5'~3") Product size (bp) _ Annealing (T)

IRS-2 Sense AGCTGGTGGTAGTCATACCC 3% 54
Antisense CAGGTTCATATAGTCAGA

Insulin Sense CAAGCAGGTCCTCACCCC 151 58
Antisense CACACCAGGTACAGCGCC

GAPDH Sense ACCACAGTCCATGCCATCAC 452 60
Antisense TCCACCACCCTGTTGCTGTA
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