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My research at Indiana Center for Vascular Biology & Medicine (ICVBM) mainly focuses on retinal diseases that occur in diabetic patients. Diabetes is a disease in which blood sugar is significantly elevated. This stress results in vascular complications throughout the body including blood vessels in the retina of the eye. When sugar levels are uncontrolled for a long time, the retinal vessels become leaky, obscuring vision. Some patients also develop macular edema, a condition resulting from the fluid leak into the center of the eye, where sharp vision occurs. Quite a few people also develop abnormal new blood vessel growth in the retina. These disorders of the retinal vessels are collectively referred to as Diabetic Retinopathy (DR).
In USA, nearly 3.4% of the general population is known to have DR and all patients diagnosed with diabetes develop some form of retinopathy within 20 years. Furthermore, DR is a leading cause of blindness in working-age adults. Current strategies for the treatment of DR include laser treatment, but this approach is not effective in all patients and involves significant damage to the retina itself.
Current research suggests no known drugs that control the development of DR but suggests controlling the diabetes itself. This is much harder especially in the current generation with fast food habits and sedentary life. Consequently, diabetes is on rise demanding more research to halt the complications of diabetes. This is complicated by lack of proper animal models that faithfully represent human retinopathy. Therefore, we, at the ICVBM focusing our energies to develop mouse, rat and pig models of DR that faithfully represent all stages of human retinopathy. Furthermore, based on a very encouraging published and preliminary data, we are in the process of developing stem cell therapy to combat retinal diseases. The following individual projects describe how we aim to achieve these goals.

Project 1: "Targeting vasculature in diabetic retinopathy with fat derived adult stem cells".
Evidence from animal models of diabetes demonstrated that the leaky vessels in DR are mainly due to loss of protective cells around vessels. These cells are known as “pericytes”. Our research in ICVBM demonstrated that fat derived adult stem cells (ASC) are like pericytes. Therefore, in this project we hypothesized that in diabetic rats injected with ASC would normalize the features of DR. Currently we have developed the diabetic rat model and obtained very encouraging preliminary data that eye injections of these stem cells arrest leakiness in vessels and control inflammation. We hope to demonstrate in long term diabetic animals; these stem cells repair vasculature by taking the position of protective cells. Research from this study is expected to develop entirely a new way to treat DR.


Project 2: "Targeting neurons in diabetic retinopathy with fat derived adult stem cells".
Retina is considered to be part of the brain. Evidence from animal models of diabetes demonstrated that once vessels damage it also damage the neurons. Because DR in animal models takes 6 to 10 months to develop to a level that represents human retinopathy, we propose to analyze the protective effects of fat derived stem cells in a rat model situation which develops more rapidly and is highly reproducible. This involves using ischemia/reperfusion (poor blood flow) to induce retinopathy more quickly. In this model, it has been shown that extensive nerve cell death occurs within 2 days and blood vessel damage within 14 days. Using this short-term model that mimics DR, we aim to determine whether stem cells isolated from the fat tissue can be used to repair neuronal and vascular damage. To address this hypothesis, we will inject stem cells into the eyes and perform molecular and microscopic analysis. Research from this study is expected to develop quick discoveries that can be applied to long term models above.
Project 3: "Development of a pre-clinical large animal model of diabetic retinopathy".
Research from the past suggests that the larger the animal model, the better are the chances for development of all features of human DR. In the past decade or two, these studies have been limited to spontaneously diabetic monkeys or dogs which take at least 5 to 20 years to develop features of human DR. In collaboration with Purdue University, our IUPUI campus house miniature Ossabaw swine that have been shown to be pre-diabetic and genetically predispose to diet-induced obesity. Therefore, in this project we hypothesized that Ossabaw swine will develop features of human DR within 6 months when challenged with chemicals that induce diabetes. The striking similarities between swine and human biochemistry, physiology, and pathophysiology are expected to provide outstanding opportunities for research in translational medicine. Since our campus is the only research and large-scale breeding colony of Ossabaw swine in the world, developing a swine ocular disease model would be of great interest to the local and international community of ophthalmologists and drug discovery researchers. If successful, we would be testing the efficacy of fat derived stem cells in the pig which will pave a stepping stone for a possible human phase I clinical trial in near future.
Project 4: "Targeting diabetic retinopathy with low molecular weight inhibitors".
New evidence indicates that diabetes may be an inflammatory disease. We hypothesize that endothelium (single layer of smooth, thin cells that lines the heart, blood vessels, lymphatics, and serous cavities) exposed to inflammation and high glucose, leads to a condition resulting in increased blood vessels with abnormal leakiness. In order to address this hypothesis we use a unique diabetic mouse model that over expresses TNF in endothelium. We have found that diabetes and inflammation strongly support each other for generating diabetic retinopathy. Importantly we have identified a low molecular weight signal transduction inhibitor which reduces diabetic retinopathy and can be applied in the eye without injection. It thus may be superior to anti-VEGF therapy (trade names: Lucentis, Macugen, Avastin), which needs to be injected. 
