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Valorization 
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Social relevance 

Obesity has long been a severe issue but newest reports from the WHO show alarming 

numbers on the development of obesity. In 2016 worldwide more than 1.9 billion adults were 

overweight from which 650 million where obese. Frighteningly also 41 million children under 

the age of 5 and over 340 million children between the age of 5 and 19 were overweight or 

obese. According to the Robert Koch Institute 66% men and 50% women were overweight in 

Germany in 2011. In total 25% were obese while this number has tripled between 1975 and 

2014. Obesity is related to a number of other diseases such as diabetes type II, 

cardiovascular diseases and cancer. In 2015 worldwide deaths of 4 million people could be 

directly related to obesity but also people suffering from overweight have a decreased life 

expectancy. In the future the prevalence to develop obesity is predicted to rise to 33% 

(United States) within the next two decades. Therefore action needs to be taken to 

counteract this epidemic. 

Obesity is the result of a positive energy balance. This can be overcome by a reduction of 

energy intake or an increase in energy expenditure. Reduction of energy intake is most often 

addressed by diets but in studies it could be shown that only a small number of patients 

could maintain their weight after a diet. The easiest way to increase energy expenditure 

might be physical activity. Similar like diets it was shown that people had problems following 

exercise plans on a regular level. Additionally, physical exercise might not be performed by 

extremely obese patients which attenuates its role on weight loss. 

An alternative strategy to increase energy expenditure is the activation of brown adipose 

tissue (BAT). BATs contribution to overall energy expenditure is estimated to be 2 - 30% in 

humans but its role in lipid metabolism is not completely understood yet. Therefore this thesis 

is focused on BAT imaging to gain more information about its metabolism which should help 

to level out the impaired energy balance of obese people in the future.  
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Target group 

As reported in the last section, obesity is a worldwide epidemic. Finding new strategies to 

prevent people from becoming obese and reducing body weight of already obese people will 

have a huge impact on our worldwide society. An enormous number of overweight and 

obese people (1.9 billion) will be affected where obese people will benefit most. 

Nevertheless, overweight people will also gain quality of life after weight reduction. BAT 

might be an interesting target to solve this problem. Even in the past, studies already showed 

that BAT can be activated by mild cold exposure which should have an impact on how we 

are tempering our houses and offices. Anyhow, more research has to be done to obtain 

coherent results of such interventions but on the other hand it is important to inform the 

general public to call attention to this subject. Even though this study is more related to basic 

research, it might help to understand BATs metabolism and will therefore have on a long 

term an effect on the general society. 

 

Activities 

The here presented work was carried out as a collaboration between the Department of 

Radiology and Nuclear Medicine, Department of Nutrition and Movement Sciences, Nuclear 

Medicine of Maastricht University Medical Center+ and Department of Nuclear Medicine of 

University Hospital RWTH Aachen. Additionally, the Institute for Experimental Molecular 

Imaging of the University Hospital RWTH Aachen and the Department of Medicine of Leiden 

University Medical Center were involved in parts of the project. Specialists in the field of 

chemistry, biology, radiochemistry, animal handling, positron emission tomography, electron 

microscopy and BAT metabolism were involved. This extensive collaboration between 

different institutions and different fields of science shows the amount of knowledge that is 

necessary to carry out such studies.  

The work performed in this thesis was presented in original articles that were published in 

scientific journals with a background in radiochemistry, imaging and BAT metabolism. The 

articles are not only published in those journals but are also available online and some are 
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even open access. Therefore the obtained results are available to the broad scientific 

community. Results were also presented on national and international conferences. A new 

method to load lipoproteins with radiolabeled TGs was described and may improve BAT 

imaging in the near future.  

 

Innovation 

Active BAT in adult humans has first been described in the 00’s of this century. A 

combination of positron emission tomography and computed tomography (PET/CT) helped to 

identify what has long thought to be artefacts as BAT depots. Till now most human scans 

were performed with 2-2-deoxy-2-[18F]fluoroglucose ([18F]FDG) and a lot of retrospective 

studies with the same tracer were conducted. Even though [18F]FDG is able to visualize BAT 

and uptake was observed to be increased after cold exposure, it only reflects BATs glucose 

metabolism. In BAT mainly fatty acids (FA) are metabolised were de novo lipogenesis from 

glucose plays a minor role. Therefore [18F]FDG might largely underestimate BATs metabolic 

activity and a FA based tracer is needed to quantify BATs metabolic activity and potential. 

Some FA tracers are already in use for clinical test but even they do not completely reflect 

the situation in vivo. It was shown that BAT predominantly takes up lipids from triglyceride 

(TG)-rich lipoprotein (TRL)-derived FAs over circulating albumin-bound FA. Therefore 

application of radiolabeled free FA might not represent BATs metabolism completely.  

The aim of this study was to develop a radiolabeld TG and to incorporate it into a lipoprotein 

particle which has been synthesized ex vivo. This method has the advantage that uptake of 

BAT does not rely on additional uptake mechanism of free FAs in vivo which would 

complicate data interpretation. To our knowledge ex vivo synthesized particles were only 

loaded with TGs radiolabeled with tritium which cannot be used for in vivo imaging. Therefore 

our approach is a step forward in the field of BAT visualization and quantification. In addition, 

the FA used in this work also offers the ability for fluorescence imaging. In vitro experiments 

could be carried out without any radiation and the behaviour could be characterized on a 

sub-cellular level. 
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Schedule & Implementation 

In this thesis we developed a new lipid based radiotracer to image BAT and its metabolism. 

We could demonstrate that the radiotracer is taken up by BAT under control conditions and 

that the uptake could be increased significantly after cold exposure. To our knowledge this is 

the first time that radiolabeled TGs were incorporated into lipoprotein-like particles for in vivo 

imaging. We successfully gained information about BATs lipid metabolism under control and 

cold exposed conditions but also under diabetes, obesity and long term cold acclimation. The 

here presented methods can be applied to incorporate other radiolabeled FAs into 

lipoproteins and by that the current generation of FA tracer which are used in the clinic might 

be lifted up to another level because the in vivo situation is mimicked better than with only 

radiolabeled FA. 

More animal experiments have to be performed in the future to gain more information about 

BAT and its metabolic activity. As large scale human experiments are restricted by ethical 

and radiation protection laws we need animals to understand BATs function and translate 

those results to humans.  
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