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British Journal of Nutrition, (1947) 1, 245-253

still… life seemed quite simple in the 
pre-genomics era…
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…mechanism of azo-dye induced liver 
tumours…

British Journal of Nutrition, (1947) 1, 245-253
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Japanese Journal of Nutrition (1950-1952)
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Mannose metabolism: Am. J. Clin. Nut. (1971), 24, 488-498
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Toxicol. Appl. Pharmacol. (1998)
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Establishing pathways in nutrition and toxicology 
from transcriptome, proteome and metabolome
datasets

Several approaches:
•‘manual’ : use your brain; current knowledge
•tools: pathway mapping and biological network 
tools
•statistical networks biological inference
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Discovery of functional genomics-derived
new biomarkers to assess the hepatotoxic
effects at the mechanistic level of
combined exposure to food additives.
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Administration of additives through the diet for 28 days, 
male Sprague-Dawley rats (n=6)

thiabendazole (TB)
(102-5077 ppm)

control

Clinical signs, clinical chemistry and liver histopathology

Total RNA isolation from liver 

Data analysis
•Criteria for selecting genes:

•maximum of one missing value per dose response curve, 
•maximum CV of difference between the dye swap of 0.5 (dye swaps 
should behave in similar direction
•at least 1.5 fold difference between any of the doses/compound

Confirmation of microarray data findings for selected genes at the biochemical level: 
•BHT and TB: RT PCR for CYP2B1 and CYP2B1/2; 7-ethoxyresorufin O-deethylase (CYP1A) and 7-

pentoxyresorufin O-depentylase (CYP2B) activity.
•CC: palmitoyl-CoA oxidation as marker for peroxisome proliferation
•TB: cellular tumor antigen p53 ELISA
•All additives: western blotting for CYP1A2 and CYP2B1/2

cDNA array
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‘Manual’ network creation, concordance with 
a bioinformatics approach performed two 
years after

Network building around p53 protein, using 
MetacoreTM software from GeneGO, 
comparison with manually created network 
from array results from thiabendazole
experiment
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GeneGoGeneGo, Inc, Inc

Systems Biology for Drug Discovery

www.genego.com
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Agilent Affymetrix Proteomic SAGE

Concurrent visualization of 
different data types and experiments
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• Around p53 protein
• Making us of biological dB
• Filtered to reduce complexity:

– for ‘rat ortholog’
– for ‘transcriptional regulation’
– for ‘liver’
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Filtering needed to 
reduce complexity
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• Transcriptome, proteome and 
metabolome changes in rats exposed 
to bromobenzene

• Based on work by Wilbert Heijne:
– Wilbert H.M. Heijne, Rob H. Stierum, Monique Slijper, Peter J. van Bladeren and  Ben van Ommen (2003) 

Toxicogenomics of bromobenzene hepatotoxicity: a combined transcriptomics and proteomics approach. Biochemical 
Pharmacology, 2003 Mar 1;65(5):857-75.

– Heijne WH, Slitt AL, Van Bladeren PJ, Groten JP, Klaassen CD, Stierum RH, Van Ommen B. (2004) Bromobenzene-
induced hepatotoxicity at the transcriptome level. Toxicol Sci. 2004 Jun;79(2):411-422.

– Wilbert H.M. Heijne et al. Metabolome changes in bromobenzene treated rat liver, accepted
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Bromobenzene Rat studies:

II. Oral dosing of rats n=3 
• Low (0.5 mmol/kg) 
• Mid (2 mmol/kg) 
• High (5 mmol/kg)
• Untreated and solvent controls
• Liver isolation at 6, 24 and 48 hrs.
• Transcriptomics and metabolomics

I. Intraperitoneal dosing of rats 
• High (5 mmol/kg), untreated and solvent controls
• Liver isolation at 24 hrs.
• Transcriptomics and proteomics
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BB upregulated (oral)

6 hours 24 hours 48 hours
Dose (mmol/kg BW)

0.0
1.0
2.0
3.0
4.0
5.0
6.0

Electrophile response element (EpRe; ARE)

GST A
Gamma-GCS
Ferritin
Heme oxygenase
Peroxiredoxin1
……
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Change in the expression of individual rat liver proteins 
upon exposure to bromobenzene--> additional 
explanation of bromobenzene-mediated hepatoxicity
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Time- and dose-dependent effects of 
curcumin on gene expression in human 
colon cancer cells.

Van Erk MJ, Teuling E, Staal YC, Huybers S, Van Bladeren PJ, Aarts JM, Van Ommen . Time- and 
dose-dependent effects of curcumin on gene expression in human colon cancer cells. J Carcinog. 
2004 May 12;3(1):8.
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Effects of curcumin on gene expression in 
human colon cancer cells

• Curcumin incubation of colorectal cancer cell line HT29
• Time course experiment: 3h, 6h, 12h, 24h, 48h
• Two datasets: low dose and high dose
• Select genes from expression data set present in at least 3 or 

more time points
• Use GenBank accession numbers to find up-to-date Unigene

Clusters
• Final dataset: ~2600 genes for both low-dose and high-dose 

dataset
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Effect of curcumin in colon cancer cells:
effect on cell cycle parameters

Changes in cell cycle distribution in 
response to curcumin:
G2/M phase arrest
• decrease in % of cells in G1 phase, 
• increase in % of cells in G2/M phase
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Van Erk et al., 2004
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Microarray data: Effect on cell cycle genes
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Lipoprotein Metabolism

Atherosclerotic Changes
In Mature Mice (25 wks)

Lipoprotein

ApoE3 Transgenic Mouse Model

• Over-expressed human mutant apolipoprotein gene
• Apolipoprotein changes prevent binding to liver receptors
• Clearance of plasma lipoproteins inhibited
• Mice are pre-atherosclerotic at 9 weeks…

Case 4: statistical networks biological
inference: Nutritional systems biology on 
ApoE3 Leiden Model



Methodology
• Specimens:  10 male ApoE3 Leiden /10 male wild type controls 

(WT)
• Normal chow diets/environmentally similar
• Sacrificed at 9 weeks
• Samples analyzed:

CompleteNANAUrine

CompleteCompleteNAPlasma

CompleteCompleteCompleteLiver

Metabolomic
Analysis

Proteomic
Analysis

Genomic
Analysis
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Metabolite Analysis
- ApoE3 vs. WT: LC-MS Plasma Lipid Profiles

• Mouse Plasma
• Metabolite (lipid)
• LC-MS
• IMPRESSTM algorithm

• Mouse Plasma
• Metabolite (lipid)
• LC-MS
• IMPRESSTM algorithm

ApoE3

Wildtype

Lyso-PC’s

triglycerides



0 200 400 600 800 1000 1200 1400 1600

-1

-0.5

0

0.5

1

369.00

569.00

623.00

823.00
847.00848.00

849.00
850.00

851.00
855.00

871.00
872.00

873.00
874.00

875.00
876.00 877.00

878.00
879.00

880.00
900.00

901.00
902.00

903.00
904.00

905.00
906.00

918.00
919.00

926.00
928.00

929.00
931.00

932.00
945.00
946.00

948.00
950.00

951.00
952.00

953.00
967.00
972.00

975.00
995.00

996.00

1040.00
1041.00

1062.00
1063.00

1064.00
1065.00 1086.00

1087.00
1088.00

1536.00
1537.00

1668.00

1706.00
1707.00 1711.00

1732.00
1733.00

1734.00
1735.00

1736.00
1737.00

1738.00
1739.00

m/z

M
or

e
ab

un
da

nt
In

 A
po

E3
Le

ss
ab

un
da

nt
In

 A
po

E3

triglycerides

Lyso-phosphatidylcholine

Metabolite Analysis
- ApoE3 vs. WT: Plasma Lipid

Difference Factor Spectrum

• Mouse Plasma
• Metabolite (lipid)
• LC-MS
• IMPRESSTM algorithm
• PARCTM pattern recognition

• Mouse Plasma
• Metabolite (lipid)
• LC-MS
• IMPRESSTM algorithm
• PARCTM pattern recognition

• Unexpected Metabolite Information



Relative Variance
• Unsupervised clustering reveals segregation
• Hundreds of components contribute to observed differences

can be used as powerful, selective and specific biomarkers
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Proteomic Analysis
- ApoE3 vs. WT: Principal Component and

Discriminant Analysis

• Mouse Plasma
• Protein
• ESI-Ion Trap
• IMPRESSTM algorithm
• PARCTM pattern recognition

• Mouse Plasma
• Protein
• ESI-Ion Trap
• IMPRESSTM algorithm
• PARCTM pattern recognition
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Proteomic Analysis
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• Mouse Plasma and Liver
• Protein + Metabolite + mRNA
• IMPRESSTM algorithm
• PARCTM/WinlinTM pattern recognition

• Mouse Plasma and Liver
• Protein + Metabolite + mRNA
• IMPRESSTM algorithm
• PARCTM/WinlinTM pattern recognition

peptides
metabolites

genes

Each bar represents a measured component
and up/down-regulation

Proteomic, Genomic, Metabolomic Data: 
Identifying / Mining Differences
- ApoE3 vs. WT: Difference Spectrum



M-7: Diacylglycerol (DAG)

G-693:
Fatty Acid Binding Gene

P-1059: Fatty Acid Binding Protein

G-8147: Apolipoprotein A1

M-9: LysoPC

BioSystematics™
- Mapping Known Relations onto Non-Linear PCA Correlations
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Non-Linear Kernal PCA
Feature Correlation (ρ > 0.8)
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Text / PubMed Mining
Regulatory Factors

Fatty Acid Metabolism           
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Phosphatidylcholine Lipid Metabolism Pathway Model Suggested 
by Results

• New insights in targets/biomarkers in the ApoE3 system

transmembraneprotein

small molecule
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Pathways and networks assisted me 
in getting here!
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