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Abstract

Obesity is a leading cause in development of type 2 diabetes (T2D). Aging is associated with steep increase in T2D incidence, which is not totally explained by the much lower prevalence of obesity in the elderly. Adipose tissue inflammatory products have been indicated in development of insulin resistance and T2D. Previously we have shown that macrophages (M) from old mice have significantly higher expression of cyclooxygenase 2 (COX-2) and production of pro-inflammatory PGE2 due to ceramide-induced up-regulation of NF-B activation. Thus we hypothesized that inflammatory response is upregulated in adipose tissue (AT) as a result of aging, independent of adiposity, which may contribute to age-related insulin resistance. Although both young and old mice are lean mice, old mice had significantly larger body weight and visceral fat weight compared to young mice (35 vs. 30 and 1.24 vs. 0.88 g, respectively). Visceral and subcutaneous AT collected from young and old mice, were analyzed for  mRNA levels of major inflammatory products. Visceral AT from old mice had significantly higher expression of mRNA levels of inflammatory mediators IL-1, IL-6, TNF-, and COX-2 compared to those of young mice. Compared to visceral AT, subcutaneous AT had much lower or even undetectable expression of these mRNA molecules. However, in the AT expressing detectable levels of these mRNA molecules, age-related increase was similar to that seen in visceral AT. Thus only visceral (gonadal and peri-renal) AT, which is more relevant to insulin resistance was utilized in the subsequent experiments. In addition, production of IL-6 and PGE2 was determined as markers of AT inflammatory response. To distinguish the relative contribution of different components in AT to these age-related changes, we isolated adipocytes (AD) from non-adipocytes [stromal vascular cells (SVC)].  We found that AD from old mice produced significantly more IL-6 and PGE2 than those from young mice while no difference was observed in production of either molecule by SVC between young and old mice. Proportion of M in the total SVC isolated from young was roughly twice that in old mice. However, the total SVC yield per unit (g) of AT in young mice is roughly half of that in old resulting in no age-related difference in total number of M /gAT. To determine if M response to AD-derived inflammatory signals alters with aging, we incubated peritoneal M with conditioned media collected from young and old AD, and found no significant difference in production of IL-6 and PGE2 by young and old M if they were exposed to the same AD-conditioned medium. However, Mof either age group produced significantly more IL-6 when they were incubated in conditioned medium from old AD compared to that of young AD. Blocking NF-B activation greatly reduced IL-6 production , while addition of ceramide or sphingomyelinase, an enzyme which catalyzes hydrolysis of sphingomyelin to ceramide, increased IL-6 production in young AD to a level comparable to that seen in old AD. Furthermore, inhibiting de novo ceramide synthesis reduced IL-6 production by AD. NF-B regulates expression of several inflammatory products including COX-2 and IL-6. Since previously we have shown that age-associated increase in COX-2 expression is due to ceramide-induced increase in NF-B activations, these data suggest a potential role for ceramide and NF-B in the age-related increase of adipose tissue inflammation. In summary, our results indicate that aging is associated with increased inflammatory response in AT, and that this increase is mainly due to higher production of inflammatory products by adipocytes. Since old mice have a higher content of visceral fat and twice the number of SVC in the same weight of AT compared to young mice, the fact that the same number of SVC from young and old mice produce similar levels of inflammatory products suggest a possible contribution of SVC as whole to the elevated AT inflammation with aging. Furthermore, our data suggest that sphingolipid ceramide and transcription factor NF-B might be a contributor to these age-related differences in AD. Further studies are needed to fully determine the underlying mechanisms of the observed effects and their contribution to insulin resistance and T2D in the aged. This work was supported by USDA #58-1950-9-001 and NIA #R01 AG009140-10A1.
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