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Effects of Anti-Vascular Endothelial Growth Factor (VEGF) on Pancreatic Islets in Mouse Model of Type 2 Diabetes Mellitus

Ji-Won Kim,1Dong-Sik Ham,1Heon-Seok Park,1Yu-Bai Ahn,1Ki-Ho Song,1Kun-Ho Yoon,1Ki-Dong Yoo,2Myung-Jun Kim,3In-Kyung Jeong,4
 and Seung-Hyun Ko[image: image]1


1Division of Endocrinology & Metabolism, Department of Internal Medicine, The Catholic University of Korea, Seoul, Korea.

2Division of Cardiology, Department of Internal Medicine, The Catholic University of Korea, Seoul, Korea.

3Department of Physiology, The Catholic University of Korea, Seoul, Korea.

4Division of Endocrinology & Metabolism, Department of Internal Medicine, Kyung-Hee Uiversity, Seoul, Korea.

[image: image]Corresponding author (Email: kosh@catholic.ac.kr
)



Received April 08, 2009; Accepted  May 26, 2009.

Abstract
BackgroundVascular endothelial growth factor (VEGF) is associated with the development of diabetic complications. However, it is unknown whether systemic VEGF treatment has any effects on the pancreatic islets in an animal model of type 2 diabetes mellitus.

MethodsAnti-VEGF peptide (synthetic ATWLPPR, VEGF receptor type 2 antagonist) was injected into db/db mice for 12 weeks. We analyzed pancreatic islet morphology and quantified beta-cell mass. Endothelial cell proliferation and the severity of islet fibrosis were also measured. VEGF expression in isolated islets was determined using Western blot analysis.

ResultsWhen anti-VEGF was administered, db/db mice exhibited more severe hyperglycemia and associated delayed weight gain than non-treated db/db mice. Pancreas weight and pancreatic beta-cell mass were also significantly decreased in the anti-VEGF-treated group. VEGF and VEGF receptor proteins (types 1 and 2) were expressed in the pancreatic islets, and their expression was significantly increased in the db/db group compared with the db/dm group. However, the elevated VEGF expression was significantly reduced by anti-VEGF treatment compared with the db/db group. The anti-VEGF-treated group had more prominent islet fibrosis and islet destruction than db/db mice. Intra-islet endothelial cell proliferation was also remarkably reduced by the anti-VEGF peptide.

ConclusionInhibition of VEGF action by the VEGF receptor 2 antagonist not only suppressed the proliferation of intra-islet endothelial cells but also accelerated pancreatic islet destruction and aggravated hyperglycemia in a type 2 diabetes mouse model. Therefore, the potential effects of anti-VEGF treatment on pancreatic beta cell damage should be considered.
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  Changes in body weight. Compared with the db/db group, the anti-VEGF-treated group had a significantly lower body weight after 3 weeks of anti-VEGF injections.
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  The result of intraperitoneal glucose tolerance tests (IPGTTs). Glucose concentrations during IPGTTs conducted 9 and 12 weeks after the start of the trial showed remarkable differences between the anti-VEGF and diabetic control groups. The anti-VEGF group had greater hyperglycemia than that of the db/db group (*P < 0.05).
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  The area under the curve (AUCg) of the intraperitoneal glucose tolerance test. Compared with the nondiabetic db/dm control group, the diabetic db/db and anti-VEGF-treated mice had significantly elevated AUCg values. Values are means (n = 10 per group). *P < 0.05 vs. nondiabetic control (db/dm) and diabetic control (db/db) mice.
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  Mean pancreas masses (left) and beta-cell masses (right) for the experimental groups. Compared with the db/db and db/dm groups, the anti-VEGF-treated group had decreased pancreas and beta-cell masses. Values are means (n = 10 per group). *P < 0.05 vs. nondiabetic controls, †P < 0.05 vs. diabetic control db/db mice.
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  Immunohistochemical analysis of pancreatic islets using insulin (A-C) and trichrome (D-F) staining. Sections of paraffin-embedded islets from db/dm (A), db/db (B) and anti-VEGF-treated (C) mice were immunostained with anti-insulin antibody (brown color). Compared with the nondiabetic control group, the pancreatic islet architecture of the db/db (B) and anti-VEGF-treated (C) mice was severely disorganized and the area that stained positively for insulin was decreased (×200). The lower panel shows islet fibrosis as a blue stain. Compared with the nondiabetic control group (D), islet fibrosis was remarkably increased in both the db/db (E) and anti-VEGF-treated groups (F), which also showed islet destruction. Magnification is 200× that of the original.
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  Immunohistochemical analysis of pancreatic islets using VEGF staining. Islets were stained with anti-VEGF antibody. VEGF protein (brown color) was expressed mainly in the periphery of the pancreatic islets. VEGF expression in anti-VEGF-treated tissue was significantly decreased. Magnification is 200× that of the original.
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  Relative percentage VEGF expression and area of fibrosis. In anti-VEGF-treated mice, the relative percentage VEGF expression in the islets was decreased and the area of islet fibrosis was remarkably increased compared with the other two groups. *P < 0.05 vs. nondiabetic controls; †P < 0.05 vs. diabetic control db/db mice. Values are means (%).
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  (A) Visualization of vascular endothelial cells in the islets of db/dm (a-c), db/db (d-e) and anti-VEGF-treated (g-i) mice using immunohistochemical staining for BS-1 in islets. Co-staining for insulin (red), BS-1 (green) and DAPI (blue) are shown. Merged images are shown in c, f and i. BS-1 stained cells in the islets are evident as bright green dots (b, e, h). BS-1 expression was remarkably decreased in the anti-VEGF-treated group (h). Magnification is 200× that of the original. (B) Quantification of BS-1-positive cell numbers in islets of individual groups. Each bar represents counts from 10 to 15 sections from 10 mice per group. *P < 0.05 vs. nondiabetic controls; †P < 0.05 vs. diabetic control db/db mice. Values are means.
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  In situ hybridization analysis of VEGF-R1 (A-C) and VEGF-R2 (D-F) expression in pancreatic islets. Both VEGF receptors were expressed in the pancreatic islets of all experimental groups, and at a lower level in exocrine tissue. In addition to VEGF R1, VEGF R2 expression was also decreased in the anti-VEGF-treated group (C, F). The magnification in A-F is 200×.
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  Expression of VEGF in isolated islets from db/dm, db/db, and anti-VEGF-treated mice (A). VEGF expression was remarkably increased in the islets of db/db mice (*P < 0.05 vs. nondiabetic controls), but was decreased in the islets of VEGF-treated mice (†P < 0.05 vs. diabetic control db/db mice) (B). Values are means.
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