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Abstract 
Previous studies have shown that mice lacking interleukin-6 (IL-6), an important cytokine in the 
immune system, develop obesity, and that central, but not peripheral, administration of IL-6 induces 
energy expenditure. These findings suggest that IL-6 suppresses fat mass through the central nervous 
system. The mechanism behind this, however, is not understood. 

The aim of this thesis was to investigate possible neurobiological mechanisms, by which IL-6, dur-
ing health, could exert its fat suppressing effect. Using immunohistochemistry, we aimed to map the 
distribution of the IL-6 receptor a (IL-6Ra) in human and mouse hypothalamus. In IL-6 knockout 
mice, we measured the gene expression of key hypothalamic neuropeptides known to regulate energy 
homeostasis.

In mice, IL-6Ra was present mainly on neurons, and was widely distributed throughout the 
hypothalamus. IL-6Ra was found in a large number of neurons in the fat suppressing arcuate nucleus 
(ARC) and paraventricular nucleus (PVN), as well as in the fat promoting lateral hypothalamic area 
(LHA). We also found the IL-6Ra to be co-localized with several energy balance regulating neuro-
peptides in these hypothalamic sites, for instance with orexin and melanin concentrating hormone 
(MCH) in the LHA. In humans, IL-6Ra was only found in MCH neurons, but virtually all MCH 
neurons contained IL-6Ra. 

Depletion of IL-6 reduced the expression of the fat suppressing neuropeptides corticotrophin-releas-
ing hormone (CRH) and oxytocin, as well as of arginine-vasopressin (AVP). In addition, we found 
IL-6Ra on neurons that produce these neuropeptides. This indicates that IL-6 could directly act on 
these neurons to increase the expression of CRH, oxytocin and AVP.

Depletion of IL-6 induced the expression of the fat suppressing cytokine IL-1. In addition, IL-6 
expression was reduced in mice with IL-1 receptor 1 knockout. This indicates that, in the hypothala-
mus, IL-1 receptor 1 signaling increase IL-6 expression, while IL-6 decreases IL-1 expression.

Based on our findings in this thesis we speculate that IL-6 could act on several hypothalamic 
neurons and sites involved in energy homeostasis to increase energy expenditure and eventually 
weight loss in mice, while a similar effect could by exerted via the pro-obesity neuropeptide MCH in 
humans. 

Previous studies show that gut microbiota contributes to obesity, in part by facilitating nutritional 
uptake, but probably also through other mechanisms. We aimed to investigate possible effects of gut 
microbiota on central energy balance regulation. We measured the gene expression of several impor-
tant energy balance regulating neuropeptides in the hypothalamus and brainstem of germ free mice.

The fat suppressing neuropeptides glucagon-like peptide-1(GLP-1) and brain-derived neurotrophic 
factor (BDNF) was downregulated in the presence of gut microbiota, which could explain the 
elevated fat mass. In addition, we found that mice with gut microbiota were less sensitive to leptin, 
providing another mechanism by which gut microbiota could increase fat mass.

In conclution, our findings are in line the assumption that components of the immune system and 
the commensal gut microbiota can affect fat mass in part via energy balance-regulating circuits in the 
brain.
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