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Life Life isis thethe translationtranslation of of thethe
informationinformation in in thethe genomegenome
intointo thethe phenotypephenotype of of thethe
organismorganism::

TheThe organismorganism ‚‚computescomputes‘‘ thisthis
phenotypephenotype fromfrom itsits genotypegenotype, , 
givengiven a a specificspecific environmentenvironment



World wide ~11 million new cancer cases/year

Cure rates for most common forms of cancer
have hardly changed over the last decades

Even the most advanced targeted therapies are
typically only effective for a small fraction of 
the patients

Pharma development costs have dramatically
increased, while the number of new drugs
keeps dropping



Intestinal cancer

Zalcberg et al, NEJM 2008
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Intestinal cancer
Mutated K-ras
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Der Anfang: 1973



••aaffectsffects 1:1000 live births1:1000 live births
••cclinicallinical hallmarkshallmarks: : 
••facial characteristicsfacial characteristics
brain abnormalities and mental brain abnormalities and mental 
retardation retardation 
AlzheimerAlzheimer’’ss--like like pathologypathology
metabolic dysfunctionmetabolic dysfunctionss
premature aging premature aging 
congenital heart diseasecongenital heart disease
increasedincreased riskrisk of of leukemialeukemia

Down Syndrome Chr.21 DNA sequence
May 2,000



The 1000 genomes project: 
a catalogue of human 

polymorphism
created using next generation 

sequencing
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Chromosomal coverage in snap
frozen vs. FFPE tissue

Michal Schweiger



Systems Biology:      
the virtual patient



Cytokine signaling
Death receptor signaling 

(Fas, TNFa, TRAIL)
DNA repair
GCPR/Hormone signaling 

(Glucagon, Insulin, Testosterone)
Hedgehog signaling
Notch signaling
RTK signaling 

(bNGF, EGF, FGF, IGF, PDGF)
TGFb signaling 

(BMP, TGFb)
Wnt signaling

Hannahan & Weinberg Cancer Modell

41 mutated forms

2447 kinetic parameters

2005 reactions

30 external activators

58 inhibitors

1605 components

241 genes (972 paralogues) 



Hanahan / Weinberg Cancer Model

Weinberg, The Biology of Cancer (2007) Garland Science

Christoph Wierling



Systems biology – modelling platform



Monte Carlo Approach – Simulation Pipeline

Implementation of an 

automatic pipeline for 

the simulation of 

individual studies (e.g. 

mutation, drug 

treatment, etc.).

This includes:

1. state definition

2. simulation

3. evaluation

Christoph Wierling



Systems biology – modelling platform

System performance and 
scaling

• quadratic scaling behaviour
•simulations can handle    
systems with thousands of 
components and reactions

• numeric ODE solver is stable

simulation time
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Validation of the Mathematical Model of 
Cancer Relevant Signalling Pathways
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Notch Signalling



Modelling Effects of Patient Specific 
Genetic Variations to Drug Response
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Modelling Side Effects of Drugs

Treatm
ent

Marker

log 2 ratio

FGF

FGF + 
Drug

Myc





Dr. Schlag with the first patient’s tumor



Genome and Transcriptome Landscapes of a Human 
Metastatic Melanoma

Genome SOLiD Sequence reads (50 bp) for melanoma
and blood

• Blood:  
Total reads 3,460,825,879
Uniquely mapped: 1,681,606,439 (coverage 28 fold)

• Melanoma: 
Total reads: 4,666,542,88
Uniquely mapped:  2,233,230,202  (coverage 37 fold)



el g changes es gname desc
1 ENSG0000013sp ENSE0000145 NGF Beta-nerve growth factor Precursor (Beta-NGF) [Source:UniProtKB/Swiss-Prot;Acc:P01138]
1 ENSG0000017GAA->AAA,GluENSE0000113 PDGFD Platelet-derived growth factor D Precursor (PDGF-D)(Iris-expressed growth factor)(Spinal cord-derived growth factor B)(S
1 ENSG0000013CCA->CTA,ProENSE0000112 PIK3C2G Phosphatidylinositol-4-phosphate 3-kinase C2 domain-containing gamma polypeptide (EC 2.7.1.154)(Phosphoinositide 3-K
1 ENSG0000017TCC->TTC,SerENSE0000119 PDE3A cGMP-inhibited 3',5'-cyclic phosphodiesterase A (EC 3.1.4.17)(Cyclic GMP-inhibited phosphodiesterase A)(CGI-PDE A) [So
1 ENSG0000012TTC->CTC,PheENSE0000131 LRP1 Prolow-density lipoprotein receptor-related protein 1 Precursor (LRP)(Alpha-2-macroglobulin receptor)(A2MR)(Apolipoprot
1 ENSG0000012GTA->ATA,Val ENSE0000081 APAF1 Apoptotic protease-activating factor 1 (Apaf-1) [Source:UniProtKB/Swiss-Prot;Acc:O14727]
1 ENSG0000016CGA->CAA,ArgENSE0000112 PRKCB Protein kinase C beta type (PKC-beta)(PKC-B)(EC 2.7.11.13) [Source:UniProtKB/Swiss-Prot;Acc:P05771]
1 ENSG0000011GAG->AAG,GluENSE0000075 APC2 Adenomatous polyposis coli protein 2 (Adenomatous polyposis coli protein-like)(APC-like) [Source:UniProtKB/Swiss-Prot;A
1 ENSG0000014CTG->CAG,LeuENSE0000095 CBLC Signal transduction protein CBL-C (SH3-binding protein CBL-C)(CBL-3)(RING finger protein 57) [Source:UniProtKB/Swiss-
1 ENSG0000012CTT->TTT,Leu ENSE0000147 MCM8 DNA replication licensing factor MCM8 (Minichromosome maintenance 8) [Source:UniProtKB/Swiss-Prot;Acc:Q9UJA3]
1 ENSG0000019sp ENSE0000150 NKIRAS1 NF-kappa-B inhibitor-interacting Ras-like protein 1 (I-kappa-B-interacting Ras-like protein 1)(Kappa B-Ras protein 1)(Kap
1 ENSG0000019sp ENSE0000150 NKIRAS1 NF-kappa-B inhibitor-interacting Ras-like protein 1 (I-kappa-B-interacting Ras-like protein 1)(Kappa B-Ras protein 1)(Kap
1 ENSG0000006CCT->TCT,Pro ENSE0000149 FGFR3 Fibroblast growth factor receptor 3 Precursor (FGFR-3)(EC 2.7.10.1)(CD333 antigen) [Source:UniProtKB/Swiss-Prot;Acc:P
1 ENSG0000017sp ENSE0000152 TLR10 Toll-like receptor 10 Precursor (CD290 antigen) [Source:UniProtKB/Swiss-Prot;Acc:Q9BXR5]
1 ENSG0000018sp ENSE0000102 CSF1R Macrophage colony-stimulating factor 1 receptor Precursor (CSF-1-R)(EC 2.7.10.1)(Fms proto-oncogene)(c-fms)(CD115 a
1 ENSG0000007AGA->AAA,ArgENSE0000115 RPS6KA2 Ribosomal protein S6 kinase alpha-2 (S6K-alpha 2)(EC 2.7.11.1)(90 kDa ribosomal protein S6 kinase 2)(p90-RSK 2)(Ribo
1 ENSG0000015GTG->GAG,VaENSE0000103 BRAF B-Raf proto-oncogene serine/threonine-protein kinase (EC 2.7.11.1)(p94)(v-Raf murine sarcoma viral oncogene homolog 
1 ENSG0000012sp ENSE0000133 TNFRSF10B Tumor necrosis factor receptor superfamily member 10B Precursor (Death receptor 5)(TNF-related apoptosis-inducing liga
1 ENSG0000016CCA->CTA,ProENSE0000116 AR Androgen receptor (Dihydrotestosterone receptor)(Nuclear receptor subfamily 3 group C member 4) [Source:UniProtKB/S
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S eries 1

C omplete los s  in tumor
inc ludes  IFN c lus ter plus  C DKN2B  and 
C DKN2A
(marked red in the chr9 table)

S tart of chr9 is  only haploid in tumor



Mutation in tumor genome penetrance 
(900 mutations)
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RNAseq transcriptome patient 1: 51 bp reads, with strand information

Run/lane nb Sample Total.number_unique_hits
091211_EAS451_1 Tumor 28 859 047
091211_EAS451_2 Tumor 29 373 327
091211_EAS451_3 Tumor 29 456 853
091211_EAS451_4 Control 30 461 674
091211_EAS451_5 Control 29 622 024

Run/lane nb Sample Total.number_unique_hits
091113_EAS451_5 Tumor 21 995 533
091113_EAS451_6 Tumor 21 919 636
090522_EAS451_7 Tumor 11 277 659
090714_EAS451_1 Stem cells‐CD133+ 16 468 893
090714_EAS451_2 Stem cells‐CD133‐ 21 808 807
091106_EAS451_6 Control 24 766 112

Standard protocol with cDNA fragmentation

New protocol with RNA fragmentation



Cross-validated 
homozygous SNP

ENSG00000115756 

Heterozygous exome SNP (in 
splicing region) looks as 
homozygous in transcriptome



• 1021 induced (activated and/or ectopic) 
genes in melanomas 

• 845 genes were strongly induced (< 25 
reads in at least one of the melanoma 
lanes, < 5 reads in the control lane) 

• 176 showed a more modest expression 
(up to 25 reads in melanoma, and < 5 
reads in controls). 



MAT2A

Pat1

Melanocytes



Modelling a Virtual Patient using NGS Technologies

0.0 0.0
1.0 0.0
0.0 1.0
1.0 1.0

TrpC
(Con)

TrpC
(Tum)

LoF
WT

Mut (mut/mut)
Mut (mut/wt)

Drug spec.
Decay-rate

Drug spec.
Kd-value

Drug spec.
Kd-value

Drug spec.
Decay-rate



Modelling a Patient 1 Specific Tumor

461 mutated genes

667 non-silent mutations
17275 expressed genes

From ~0.01 to ~9000 TrpC
15929 genes expressed

in tumor sample

15460 genes expressed 
in control sample From ~0.01 to ~6100 TrpC

ADCY6 GOF
AR GOF

BRAF GOF
MLXIPL GOF
FGFR3 GOF
CRHR1 GOF

HIF1A GOF

PRKCB GOF
ACVR1B LOF

ACVR1B LOF+TGFb
TNFRSF10B LOF

TRAIL
TNFRSF10B LOF+TRAIL

TUMOR

PIK3 GOF

KIT GOF
RPS6KA2 GOF

TGFb

Various Modell Components



Relevant changes introduced into the model of the tumor  of patient 1



Modelling a patient 1 specific tumor



Finding a patient 1 specific optimal drug treatment



Optimization of drug concentration
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Modelling Side Effects of Drugs

Various Modell Components





Model on mouse somitogenesis (I)

Segmentation clock of vertebral somitogenesis

t=0

t=1

t=10

Wnt3a gradient

growth direction of tail bud

Aulehla and Herrmann (2004) GENES & DEVELOPMENT 18:2060–2067.
Aulehla and Herrmann (2004) GENES & DEVELOPMENT 18:2060–2067.



Model on mouse somitogenesis (II)

Model of the Wnt signaling pathway

β-catenin

Axin

Wnt3a

Axin/Gsk3β
Gsk3β

degradation

degradation

Axin mRNA



Selected drugs for therapy optimization



ROUND1

MYC PIP3
TUMOR 1,06609E+016 5,41213E+011
BIBF1120 1,06320E+016 5,41213E+011
BMS387032 1,06609E+016 5,41213E+011
Dasatinib 1,06609E+016 5,41213E+011
Erlotinib 1,06609E+016 5,41213E+011
H89 1,06609E+016 5,41213E+011
Imatinib 1,06609E+016 5,41213E+011
LY333531 3,13429E+014 5,41213E+011
PI103 1,06609E+016 1,36000E+006
Purvalanol 1,06609E+016 5,41213E+011
Rapamycin 1,06609E+016 5,41213E+011
Sorafenib 1,06608E+016 5,41213E+011
SU11274 1,06609E+016 5,41213E+011
U0126 7,10811E+014 5,41213E+011

ROUND2

MYC PIP3
TUMOR 1,06081E+016 3,01787E+011
B+L 3,25483E+009 3,01787E+011
B+P 1,04455E+016 7,26606E+005
B+S 1,04455E+016 3,01787E+011
B+U 7,43861E+014 3,01787E+011
L+P 6,11556E+014 7,26606E+005
L+S 6,11492E+014 3,01787E+011
L+U 1,44048E+011 3,01787E+011
P+S 1,06081E+016 7,26606E+005
P+U 7,82296E+014 7,26606E+005
S+U 7,82211E+014 3,01787E+011

ROUND3

MYC PIP3
TUMOR 1,04904E+016 2,84198E+011
B+L+P 4,21090E+009 6,61147E+005
B+L+U 2,45951E+000 2,84198E+011
B+P+U 4,92797E+014 6,61147E+005
L+P+U 6,44934E+008 6,61147E+005

ROUND4

MYC PIP3
TUMOR 1,31681E+016 4,29230E+011
B+L+P+U 1,55283E+000 9,06212E+005

Drug Optimisation Patient 1



Finding a Patient 1 Specific Optimal Drug Treatment

Various Modell Components

Round 1

Round 2

Round 3

Round 4

Round 5

Round 6
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Modelling a melanoma cell line & finding an optimal drug treatment



Optimization of drug concentration
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DNA frorm all Patient have been sent for SNP analysis on Seqenom's MassArray
system

Patient 7

Libraries of Tumor 
tissue and Blood are
ready for Sequencing

Tumor tissue (1*PE lanes
GAII lanes)                                 Patient 6

Libraries of Tumor 
tissue and Blood are
ready for Sequencing

Tumor tissue (1*PE lanes
GAII lanes)                                 Patient 5

Libraries of Tumor 
tissue and Blood are
ready for Sequencing

Tumor tissue (1*PE lanes
GAII lanes)                                 
Control tissue (1*PE lanes
GAII lanes)

Patient 4

Patient 3

Tumor tissue
(1*Fragment lane on 
GAII)                               
Blood 81*Fragment 
lane on GAII)

Tumor Tissue (3*Fragment 
FC + 1*Mate Pair FC on 
SOLiD3)        Blood
(1*fragment on SOLiD3) 

Tumor tissue (2*PE lanes
GAII lanes)Patient 2

Exome SequencingGenome Sequencing
Transcriptome
Sequencing



• PacBio has been quoted that, 
by 2013, their technology will 
be able to give a ‘raw’ human 
genome sequence in less than
3 min, and a complete high-
quality sequence in just 15 min



Modelling the response of cancer
stem cells?

Cancer, a curable disease?

The ‚red Queen‘ approach to cancer
treatment: Modelling cancer
progression.

Cancer, a chronic disease‘



Marie-Laure Yaspo

Marc Sultan

Aleksey Soldatov

Tatjana Borodina

Bernd Timmermann

Andreas Dahl

Michal Schweiger

Wolfgang Lehrach

Dmitri Parkhomchuk

Andrei Grigorieff

Christoph Wierling

Alexander Kühn

Andriani Daskalaki

Elisabeth Maschke-Dutz

Bernhard Herrmann

Charitè

Peter Schlag

Christian Regenbrecht

Reinhold Schäfer

Manfred Dietel

Genomatix

Matthias Scherf

Andreas Klingenhoff

Martin Seifert

DKFZ

Ulrike Korff

Stefan Wiemann

Alacris Theranostics

www.treat1000.org


