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A (my) definition of NutrigenomicsA (my) definition of Nutrigenomics

Nutrigenomics seeks to understand the molecular basis of Nutrigenomics seeks to understand the molecular basis of 
how diet and dietary constituents affect gene and protein
functions and metabolism on basis of an individuals 
genetic make up

how diet and dietary constituents affect gene and protein
functions and metabolism on basis of an individuals 
genetic make upgenetic make up. 

Nutrigenomics employs various profiling techniques and 

genetic make up. 

Nutrigenomics employs various profiling techniques and g p y p g q
uses model systems for the most comprehensive
description of the interplay of genes and nutritional factors

g p y p g q
uses model systems for the most comprehensive
description of the interplay of genes and nutritional factors
that make up human metabolism in health and disease. that make up human metabolism in health and disease. 



humans are different outside and insidehumans are different – outside and inside



Selbst wenn sie identisch erscheinen !humans are different outside and insideSelbst wenn sie identisch erscheinen !
Differential phenotyping of volunteers by MRI

humans are different – outside and inside

Jimmy Bell, Imperial College, London



What determines normal“ human metabolism ?What determines „normal  human metabolism ?
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What determines normal“ human metabolism ?What determines „normal  human metabolism ?

genetic heterogeneity

Microbiota
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What determines normal“ human metabolism ?What determines „normal  human metabolism ?

dietary intake
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Limitations when applying the profiling tools in human studies

Transcriptome
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With profiling techniques to biomarkers of diseaseWith profiling techniques to biomarkers of disease
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What is the state of the art“ ?What is „the state of the art  ?
EXAMPLE: non-insulin-dependent diabetes (NIDDM)EXAMPLE: non-insulin-dependent diabetes (NIDDM)



The interplay of genetics and environment in the development of NIDDMp y g p



The natural history of NIDDMThe natural history of NIDDM 



Genotyping/identification of NIDDM susceptibility genesGenotyping/identification of NIDDM susceptibility genes



Identified susceptibility genes for NIDDM
EXT2 Exostosin 2

pancreas development
WFS1 Wolfram syndrome 1/wolframin

survival signal beta cells

Identified susceptibility genes for NIDDM

survival signal beta cells
CDKN2A/2B Cyclin-dependent kinase inhibitor 2A/2B

Tumorsuppressorgene
SCL30A8 Solute carrier family 30 [zinc transporter], member 30

insulin secretion
TCF2/HNF1B HNF1 homoeobox B

associated with T2D and (invers) prostata cancer
CDKAL1 Cyclin-dependent kinase 5 regulatory subunit associated protein 1-like 1:OR 1.39 per allele (p = 0.0004) 

Mechanism: Reduced insulin incretion
HHEX Homoeobox, haematopoietically expressed: OR 0.81 per allele (p = 0.009)

Mechanism: Reduced insulin incretion
IGF2BP2 Insulin-like growth factor 2 binding protein 2: OR 1.15 per allele (p = 0.049)IGF2BP2 Insulin like growth factor 2 binding protein 2: OR 1.15 per allele (p 0.049)

Mechanism: pancreas development?, reduced insulin secretion
PPARG peroxisome proliferator-activated receptor OR 0.76 per Allel (p = 0.010) 

Mechanism: fat regulation
FTO Fat mass and obesity associated OR 1.15 per allele (p = 0.047) 

Mechanism: Appetite regulation?
DGKB i t f t l ti d i f DAG kiDGKB isotype of catalytic domain of DAG-kinase

pancreas: DAG/PKC-dependent insulin secretion
ADCY5 adenylate cyclase 5

cAMP-dependent insulin secretion from beta cells
MADD mitogen-activated protein kinase activating death domains

control of ß-cell mass
SCL39A13 Solute carrier family 30 [zinc transporter], member 30)

TGF-ß signalling
ADRA2A α2A adrenergic receptor

in ß-cell outward potassium channel – modifying insulin release
FADS1 Fatty acid desaturase

synthesis of PUFAsynthesis of PUFA
CRY2 cryptochrome 2

circadian pacemaker
SLACA2 GLUT2-transporter

mediates glucose uptake into ß-cells, liver and other cells
IGF1 insulin-like growth factor 1



Identified susceptibility genes for NIDDMIdentified susceptibility genes for NIDDM



Identified susceptibility genes for NIDDM

TCF7L2: Replication in ~ 50 Populations

Identified susceptibility genes for NIDDM

S Cauchi, J Mol Med 2007;85:777



TCF7L2 and pharmacotherapy

GoDARTS (Scotland): 
TCF7L2-risk variant associated with therapy failure with sulfonyl area and no association with metformin

TCF7L2 and pharmacotherapy

TCF7L2 risk variant associated with therapy failure with sulfonyl area and no association with metformin

HbA1c<7% HbA1c<7%

sulfonyl urea tretament metformin treatment

Kaplan-Meier plots showing the proportion of patients, by genotype at rs1225372, who achieve a target

HbA1C <7% after being initiated on treatment with a sulfonylurea or metformin. 

Diabetes 56:2178-2182, 2007



TCF7L2 and lifestyle interventionTCF7L2 and lifestyle intervention

DPP (Diabetes Prevention Program)
Placebo Lifestyle InterventionPlacebo Lifestyle Intervention

Incidence of Diabetes According to Treatment Group and Genotype at Variant rs7903146

JC Florez: NEJM 2006;355:241



New genetic loci implicated in fasting glucose homeostasisNew genetic loci implicated in fasting glucose homeostasis 
and their impact on type 2 diabetes



Genotyping and NUTRITION in the commercial environmentyp g

23and Me

NaviGenics Health Compass

deCodeGenetics



Nature Medicine | CommentaryNature Medicine | Commentary

Christopher B Newgard & Alan D Attie

Getting biological about the genetics of diabetes

Christopher B Newgard & Alan D Attie

The first round of genome-wide association studies has not accounted for common 
human diseases to the extent that was expected. New phenotyping approaches and 
methods of data integration should bring these studies closer to their promised goals.

Nature Medicine Volume: 16, pages: 388–391 Year published: (2011)



Applications of the profiling techniques
to identify NIDDM-dependent changesy p g

transcriptomicstranscriptomics

proteomicsproteomics

metabolomicsmetabolomics

systems approachsystems approachsystems approachsystems approach



transcriptomics
Coordinated reductions of genes of oxidative metabolism in humansg

with insulin resistance and diabetes: potential roles of PGC1-α and NRF1

muscle tissue samplesmuscle tissue samples

Expression of many oxidative metabolism genes is reduced in FH insulin-resistant nondiabetic and type 2 DM subjects. Hierarchical clustering was performed (GENESPRING, algorithm similar to that of Eisen et al. 
(51) by using glycolysis, tricarboxylic acid cycle, and electron transport gene groups (GENMAPP). Genes known to be regulated by NRF transcription in humans or rodents are indicated by an asterisk. Colors 

represent gene expression values in individual subject expression changes relative to the mean (normalized to 1 for each gene), with red and green representing decreases or increases in expression, respectively by 
50%. (B) Expression of genes regulated by NRF transcription is decreased in FH and DM2. The gene tree was created by compiling a list of NRF-regulated genes (52) as in A.



transcriptomics
Transcriptional profiling of myotubes from patients with type 2 diabetes: p p g y p yp

no evidence for a primary defect in oxidative phosphorylation genes



transcriptomics
Using pre-existing microarray datasets to increase the experimental power: g p g y p p

applications to insulin resistance (adipose tissue)

Insulin resistance genes identified from 3 different microarray platforms by SVD-SAGAT 
(singular value decomposition augmented gene expression analysis tool)(singular value decomposition augmented gene expression analysis tool)

4440 arrays from Affymetrix, Ilumina, Agilent platforms 



proteomics
Proteomic identification of human plasma biomarkers in diabetes mellitus type 2p yp



proteomics
Proteomics-based identification of differentially expressed proteinsy p p
including galectin-1 in the blood plasma of type 2 diabetic patients



proteomics
Proteomic identification of salivary biomarkers of type 2 diabetesy yp

60 proteins



Metabolite profiling in non-diabetic human volunteers with insulin resistance
metabolomics

α-hydroxybutyrate is an early biomarker of insulin resistance and glucose intolerance in a nondiabetic population.

PLoS One. 2010 May 28;5(5):e10883.



Plasma metabolomic profiles reflective of glucose homeostasis in non-diabetic

metabolomics
p g

and type 2 diabetic obese African-American women.



A metabolomic comparison of urinary changes in type 2 diabetes

metabolomics
p y g yp

PLS-DA score plot of the healthy subjects compared 
with the type 2 diabetes mellitus (T2DM) patients. 

Metabolomic analysis of human urine

Physiol. Genomics 29: 99-108, 2010



Metabolic network topology reveales transcriptional regulatory

metabolomics
p gy p g y

signatures of type 2 diabetes

muscle tissue metabolite profiling



systems approach
Metabolic network topology reveales transcriptional regulatoryp gy p g y

signatures of type 2 diabetes

motive enrichment analysis



systems approach
Metabolic network topology reveales transcriptional regulatoryp gy p g y

signatures of type 2 diabetes

Summary of the main results from the motif enrichment analysis A) Motif enrichment analysis for the genes associated with reporter metabolites from the T2DM vs NGTSummary of the main results from the motif enrichment analysis. A) Motif enrichment analysis for the genes associated with reporter metabolites from the T2DM vs NGT 
comparison. Reporter metabolites with up-regulated neighboring gene set are shown as red circles, whereas reporter metabolites with down-regulated neighboring gene set are 

represented as green circles. Transcription factor binding motifs (shown as triangles) are colored according to the number of enzyme sets in which they are enriched, ranging 
from light yellow (enriched in few sets) toorange (enriched in as many as 6 sets). Edges are scaled according to q-values signifying the confidence of the motif enrichment. B) 

Venn diagramshowing the overlap of transcription factor binding motifs across the comparisons



SUMMARYSUMMARY
Nutrigenomics/genetics applicationsNutrigenomics/genetics applications

in biomarker discovery for NIDDM/metabolic syndome

The GWAS have not delivered SNP´s/haplotypes with prognostic/ 
diagnostic values that are superior to „classical“ diagnosis tools.

The applications of the profiling techniques to characterise the
molecular changes induced by insulin resistance or NIDDM have not 
yet revealed any robust and specific markers for early diagnosis of 
metabolic impairments.  

It needs many more well controlled and large-scale studies
in which profiling techniques are combined with excellent
phenotyping approaches and robust clinical endpoints.p yp g pp p



fThank you for your attention !


