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Human Adipose Tissue Metabolism: What Happens with Obesity

Michael D. Jensen (Mayo College of Medicine, USA)

Keynote Lecture 3

Upper body/visceral obesity (UBO) is more strongly associated with metabolic abnormalities than is lower body obesity (LBO). 
The sine qua non of UBO is excess adipose tissue free fatty acid (FFA) release, especially under postprandial/hyperinsulinemic 
conditions, and these excess FFA undoubtedly contribute to the lipotoxicity of ectopic (liver, muscle, etc.) fat accumulation. 
In addition, UBO/T2DM is frequently accompanied by low grade adipose tissue inflammation and accumulation of senescent 
preadipocytes, but whether adipose inflammation related directly to the metabolic complications of UBO in humans by fueling 
adipose insulin resistance has not been examined in vivo. Because of the importance of FFA to whole body fuel metabolism, 
we have conducted studies that identified which adipose depot is primarily responsible for excess FFA in UBO. Although 
visceral fat is a predictor of excess FFA, it is not the source of excess FFA. Upper body subcutaneous fat accounts for ~75% of 
systemic FFA under basal and hyperinsulinemic conditions, with visceral and leg fat contributing lesser amounts. Excess FFA 
can cause insulin resistance by interfering with insulin signaling. It was unclear why upper body subcutaneous adipose fuel 
export is abnormal in UBO, but the preponderance of evidence from studies using rodent and cell culture models indicated 
that local inflammation was important. The data suggested that paracrine effects of cytokines, secreted by pro-inflammatory 
adipose tissue macrophages (ATM) interfere with adipocyte insulin signaling. If that is true in vivo, in humans, interventions to 
reduce inflammation would be a logical treatment strategy. We performed comprehensive measures of adipose inflammation 
and insulin regulation of lipolysis (the insulin concentration required to suppress lipolysis by 50% - IC50) in a large group of 
volunteers with a wide range of insulin resistance. We measured adipose insulin signaling at the level of Akt phosphorylation 
in relation to IC50 and studied the effects of lifestyle-mediated weight loss and 6 months of high dose omega-3 fatty acid 
supplements in a double-blind randomized trial. 
From these studies we found that abdominal adipocyte size, but not total or pro-inflammatory macrophage burden, TNF, IL-6, 
IL-10 or IL-1β expression in abdominal fat is related to insulin resistance with regards to lipolysis (IC50). We found that the ability 
of insulin at postprandial concentrations to signal from the receptor through the Akt phosphorylation step is unrelated to IC50.  
We also reported that lifestyle-induced weight loss reduced (improved) IC50, but did not reduce adipose tissue macrophage 
content. In another study, we administered maximum dose omega-3 fatty acid supplements for six months, which reduced 
plasma triglyceride concentrations, but did not reduce adipose macrophage or senescent cell burden and did not improve IC50 
. In summary, in humans with Class I-II obesity (BMI 30-39.9 kg/m2), adipose tissue inflammation and proximal insulin signaling 
are not linked to insulin resistant adipose lipolysis in UBO. We have ongoing studies designed to probe the causes of adipose 
insulin resistance in humans


