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Abstract:

Obesity is a chronic condition that primarily develops from an increase in body fat in the form of white adipose tissue (WAT) mass. The resulting adiposity is a risk factor for many diseases, including type 2 diabetes (T2D), cardiovascular diseases, and some forms of cancer. White adipocytes, the main cellular component of WAT, secrete a host of factors that affect both whole body and WAT-specific metabolism. In this regard, reducing WAT mass by targeted modulation of fat cell metabolic enzymes is an attractive alternative to dietary approaches. To characterize the metabolic profiles and quantify the metabolic fluxes during in vitro adipogenesis, an optimization-based metabolic flux analysis (MFA) method recently developed in our laboratory was applied to 3T3-L1 preadipocyte differentiation. The optimization-based method afford resolution of several key cyclic pathways that constitute adipocyte lipid metabolism. The results of our metabolic profiling and flux analysis studies suggested that the intracellular free fatty acid content is a key determinant of adipocyte differentiation as well as subsequent enlargement through triglyceride (TG) accumulation. To determine whether adipogenesis could be attenuated by lowering intracellular fatty acid levels, we forcibly expressed a respiratory uncoupling protein (UCP1), hypothesizing that this would alter cellular metabolism to favor fatty acid oxidation. UCP1 is brown adipocyte protein that mediates energy dissipation as heat by de-coupling respiration and ATP formation. We used a Tet-Off retroviral transfection system to express UCP1 to afford a layer of chemical control subsequent to transfection. UCP1 cDNA was cloned into pRevTRE and stably transfected into 3T3-L1 preadipocytes prior to differentiating them into adipocytes. A reporter gene (EGFP) was also transfected in parallel to optimize the transfection and preadipocyte differentiation conditions as well as to demonstrate regulated expression. RT-PCR and membrane potential assays confirmed expression and biochemical activity of UCP1 in the transfected cells. Metabolite measurements were consistent with our hypothesis that UCP1 expression increased oxidative metabolism. In particular, the UCP1-transfected cells accumulated significantly less than control (null vector)-transfected adipocytes while consuming similar amounts of glucose. Forced UCP1 expression did not alter the transcript level of a terminal differentiation marker enzyme, glycerol 3-P dehydrogenase. Prospectively, these results suggest UCP1 and other metabolic enzymes as potential targets for development of pharmacological agents for the treatment of obesity and related disorders.
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