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 Michael Müller 
“Conclusions” 

What is health? 



You are what you eat 

http://www.amazon.com/gp/reader/1580086810/ref=sib_dp_pt


What's healthy? 
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What is health? 

• WHO 1946: “..a state 
of complete physical, 
mental, and social 
well-being and not 
merely the absence of 
disease or infirmity…” 

• The ability to adapt… 
• The ability to fully 

recover from 
diseases… 
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2 Meals a day 
work as long as possible  
& embrace challenges 

Walter Breuning (1896 - 2011) 



The Nutrigenomics Challenge  
Identify the chronic “two hit stress”:  

2003 



Metabolic homeostasis & syndrome 





Controllability of complex networks 

• Naturally occurring networks, such as those involving gene 
regulation, are surprisingly hard to control. 

• To fully control a gene regulatory network, roughly 80% of the nodes 
should be driver nodes. (in contrast to social networks) 

• To a certain extent this is reassuring, because it means that such 
networks are fairly immune to hostile takeovers: a large fraction of 
the network's nodes must be directly controlled for the whole of it to 
change.  

• By contrast, engineered networks are generally much easier to 
control, which may or may not be a good thing, depending on who is 
trying to control the network. 

• This may explain also the big difference between “food & mono-
target drugs”. 

Nature 473, 167–173, 2011 

Yang-Yu Liu, Jean-Jacques Slotine & Albert-László Barabási 



Diseases as network perturbations 
Mutation leading to the gene regulatory network malfunctioning 
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Network-based disease classification 
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• A network-based disease classification uncovers 
the gaps in our experimental and theoretical 
knowledge. 

• It demonstrates that only an integrated 
programme has the potential to provide a useful 
framework, by defining disease susceptibility, 
predicting disease outcome and identifying 
tailored therapeutic strategies. 







Organ-specific gene expression signatures of  
the early phase (metabolic stress) &  

the late phase of metabolic syndrome  
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Phenotype plasticity 
 Phenotypic plasticity is the ability of an organism to 

change its phenotype in response to changes in the 
environment (e.g. nutrition). 



1 Genotype => 5 nutritional phenotypes 

155 kg 76 kg 



Genotype-phenotype plasticity 



Understanding Nutrition 
How nutrients regulate our genes: via sensing molecular switches 

Improved organ 
capacity by  

PUFAs 
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Intestinal PPAR target genes are largely 
regulated by dietary PUFAS/MUFAs 

6h after oral gavage OA 18:1 EPA 20:5 DHA 22:6 WY14643 
Genes  508 874 894 1218 

Apolipoproteins & related

TAG (re)-synthesis 

Pnliprp2 , Pnliprp1, Mgll, 
Lipe, Lipa, Pla2g6, 

Pnpla2, Pnpla8, Daglb, 
Ces1, Ces3

Chylomicron assembly 
& secretion 

Ketone body synthesis

Intestinal lipases & 
phospholipases 

Fat/Cd36, Slc27a2, 
Slc27a4, Acsl1, Acsl3, 
Acsl5, Fabp2, Fabp1, 

Scarb2, Scarb1

Gpat1, Mogat2, 
Dgat1, Dgat2, 
Gpat3, Agpat3

Mttp, Stx5a, Vti1a, 
Bet1, Sar1a

Apob, Apoa1  , Apoa2, Angptl4, 
Apoa4, Apoc2, Vldlr, Apoc3, 

Apoe, Apol3, Apool

Acaa2, Acad10, Acad8, Acad9, 
Acadl, Acadm, Acads, Acadsb, 
Acadvl, Acot10, Acot2, Acot9, 

Aldh9a1, Cpt1a, Cpt2, Crat, Dci, 
Decr1, Hadha, Hadhb, Hibch, 
Slc22a5, Slc25a20, Aldh3a2, 

Cyp4a10, Abcd3, Acaa1a, 
Acaa1b, Acot3, Acot4, Acot5, 
Acot8, Acox1, Acox2, Crot, 

Decr2, Ech1, Ehhadh, 
Hsd17b4, Peci, Pecr,

Ppara

Acat1, Hmgcl, Hmgcs2

Mitochondrial, 
microsomal, peroxisomal

fatty acid oxidation 

Fatty acid 
transport & 

binding 
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Intestine 



Comparison intestine / liver 



Dose-dependent effects of dietary fat on development of obesity in 
relation to intestinal differential gene expression in C57BL/6J mice 

PLOS one 2011 
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Robust & concentration dependent effects in small intestine 
Differentially regulated intestinal genes by high fat diet 

PLOS one 2011 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 



Heat map diagrams of fat-dose 
dependently regulated genes, 

categorized according to their 
biological function  

PLOS one 2011 



Cellular localization and specific lipid metabolism-related 
function of fat-dose dependently regulated genes  

PLOS one 2011 



The intestinal tube model for lipid absorption  

                              45% FAT 

             10% FAT  

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

4 cm 

                              60% FAT ? 



Human nutrigenomics study 
“Old” & “new” biomarkers 



Fish-oil supplementation induces anti-inflammatory gene 
expression profiles in human blood mononuclear cells 

Less inflammation & decreased  
pro-arteriosclerosis markers 
= Anti-immuno-senescence 

Bouwens et al. Am J Clin Nutr. 2009 



NUGO week 2011 
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NUGO week 2011 
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L Fontana 

R Singh 



NUGO 2011: 
Metabolic health = plasticity / flexibility 

• The personal genome is the starting point & we can get 
comprehensive information about it (D. Mac Arthur, J 
Hoeijmakers, P vd Spek) => don’t forget “bioinformatics 
& databasing” 

• Health is dynamic: The property to adapt to metabolic 
perturbations / challenges (M Huber) 

• Feeding / fasting => autophagy => cellular homeostasis 
& “exercise” (R Singh) 

• Caloric restriction => chromatin “exercise” (L Fontana) 
• Food bioactives that modulate transcription (e.g. via 

nuclear receptors) or chromatin activity (nutri-
epigenome) => cell & organ “exercise” (C Cummins) 
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So how to keep our metabolic health 

• Identify chronic (non-resolving) stress using 
systems “perturbation” tests & deep genomics-
based phenotyping (E Holmes, R Gerszten) 

• Solve it! 
– Less Inflammation 
– Less Metabolic Stress (sat. fat, lipogenic foods) 
– More Exercise (muscle & other organs) with a 

“challenging” lifestyle & food pattern 
– Eat less from time to time 

This will be the future of Nutrigenomics research. 
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