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1 Obesity and metabolic syndrome  

The proportion of obese human individuals has increased worldwide in the 
last few decades. In 1980, 875 million people were overweight or obese. This 
number increased to 2.1 billion in 2013 1. In the US, the medical cost for 
obesity was around US $147 billion per year in 2008 and the medical cost for 
treatment type 2 diabetes (T2D) and related diseases were US $113 billion in 
2007 2. Low income and middle income (LM) countries are currently under 
the pressure of a high incidence of obesity and associated chronic diseases, 
and it is predicted that the incidence of obesity will increase in the next two 
decades 2. In those countries, obesity can negatively affect the quality of life, 
lead to reduced productivity, unemployment, and have serious impacts on 
the economy, with an estimated loss of US $84 billion from 2006 to 2015 2.  

Obesity is a serious condition that can lead to metabolic syndrome, that 
includes insulin resistance, impaired glucose tolerance, type 2 diabetes 
(T2D), hyperlipidemia, steatohepatitis, cardiovascular disease, and some 
types of cancer 2, 3. Thus, increasing the number of obese individuals leads to 
rising metabolic disease risk factors 4. The imbalance of energy intake and 
reduced energy consumption is the main reason for causing obesity 3. In 
2011, the United Nations declared obesity prevention to be a global priority 
2. Several developed nations have implemented obesity prevention 
programs and some LM nations have already prepared policies or strategies 
for the prevention of obesity 2. Many strategies are used to combat obesity, 
such as increasing physical activity, reducing food intake, lifestyle 
modification, etc. Nutrition control also has been applied such as reducing 
sugar levels in candy, trans fat in food, and food labeling to guide dietary 
choice. So far, the prevention programs of obesity and related diseases are 
under performing 2. Obese patients with metabolic disease are often treated 
with drugs if loss of body weight by changing lifestyles, such as diet and 
sports are unsuccessful. At the start of this research in 2015, sibutramine and 
Orlistat, were anti-obesity drugs available on the market, showing some 
positive effects in treatment of obesity 5, 6. However, these drugs have serious 
side effects on human health, such as hypertension, tachycardia, headache, 
insomnia, dry mouth, constipation, loose stools, increased defecation, oily 
discharge, fecal urgency, and deficiency in fat-soluble vitamins 7. Several 
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cell functioning, and all focus on pathways that are frequently targeted by 
chemicals, drugs, and other bioactive molecules. The PPAR CALUX panel 
contains assays measuring the specific pathways of the three isoforms. The 
general mechanism of PPAR CALUX reporter gene assays is illustrated in 
fig 2. In short, exposure of the CALUX cells to plant extracts or chemical 
compounds which act as ligands (agonists or antagonists) regulates target 
receptor activity. This is followed by binding to specific response elements 
in the DNA, inducing gene expression of receptor-controlled genes, 
including the luciferase gene. The consequently produced luciferase can be 
measured using luciferin as a substrate to create light signals which can be 
measured using a luminometer.   

 
Fig. 2 A simplified scheme of the mechanism of action of PPAR CALUX reporter 
gene assays. PPAR and RXR ligands activate the PPAR and RXR receptors and the 
complex binds to receptor binding elements in the DNA to start expression of 
luciferase gene. The PPAR activity is then evaluated based on the intensity of 
luciferase protein light emission.   

CALUX cell lines are genetically modified human U2OS cell lines stably 
transfected with reporter construct 3xPPRE-tata-luc and an expression 
plasmid for PPARs using a calcium phosphate co-precipitation method 66.  
U2OS cell lines were used to generate the PPAR CALUX assays because of 
low level of endogenous receptors. Using an expression vector plasmid 
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6 Framework of International collaboration (VN-Basic) of this thesis work, 
involving the Vietnam Academy of Science & Technology (VAST), the 
Dutch BE-Basic Foundation, and the European Union’s Horizon 2020 
research and innovation program  

The research presented in this thesis is part of an international collaboration 
between the Vietnam Academy of Science and Technology (VAST) and the 
BE-Basic Foundation based in The Netherlands with a focus on research 
towards the development of biobased solutions in bioremediation of 
recalcitrant chemical pollutants and conversion of lignocellulosic biomass, 
investigating and combatting parasite-based plant diseases, studying the 
presence of bioactive compounds in marine and plants species, including 
biomass.  The collaboration started in 2014 and is still ongoing today. One 
aspect of the collaboration involved the training and exchange of 6 
Vietnamese PhD students who spent most of their PhD works in The 
Netherlands at several different locations, Wageningen University (1); VU 
University Amsterdam (2) BioDetection Systems B.V. (3), and MicroLife 
Solutions B.V. (4). The funding for the research and collaboration was 
obtained from grants from the Vietnam Ministry of Science and Technology 
(grant No: DTDLCN 13/14) and from the Dutch Ministry of Economic 
Affairs (grant no: FES 0905). This thesis work was also partially funded and 
supported by Funguschain project [grant number 720720, FUNGUSCHAIN] 
that belongs the European Union’s Horizon 2020 research and innovation 
program.  
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Abstract 

Obesity has a serious effect on human health. It relates to metabolic 
syndrome, including the associated disorders diabetes type 2, heart disease, 
stroke and hyperemia. The peroxisome proliferator-activated receptors 
(PPARs) are important receptors to control fat metabolism in the human 
body. Because of the safety concerns of synthetic drugs targeting PPARs, 
ligands from natural sources are of interest. Before, we found high PPAR 
activities in extracts from Agaricus bisporus (white button mushroom-WBM). 
WBM contains a wide range of candidate compounds which could be 
agonists of PPARs. To identify which compounds are responsible for PPAR 
activation by WBM extracts, we used fractionation coupled to effect-directed 
analysis with reporter gene assays specific for all three PPARs for 
purification and LC/MS-TOF and NMR for compound identification in 
purified active fractions. Surprisingly, we identified the relatively common 
dietary fatty acid linoleic acid as the main ligand of PPARs in WBM. 
Possibly, the relatively low levels of linoleic acid in WBM are sufficient and 
instrumental in its anti-obesogenic effects, avoiding high energy intake and 
negative health effects associated with high levels of linoleic acid 
consumption. However, it could not be excluded that a minor relatively 
potent compound contributes towards PPAR activation, while the anti-
obesity effects of WBM may be further enhanced by receptor expression 
modulating compounds or compounds with completely PPAR unrelated 
modes of action. 

 

Key words: Agaricus bisporus, anti-obesity, effect-directed analysis, linoleic 
acid, PPAR agonists, white button mushroom.  
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