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Current research projects (Kschischo)

Cancer systems biology Mathematical modelling of ion

= in collaboration with Charles homeostasis in yeast (S.c)

Swanton and Almut Schulze = Era-Net
(CRUK London)

" Genetic instability in cancer
* Prediction of drug resistance
= Cancer metabolism

S

Systems Biology of Microorganisms

http://ptjapps.fz-juelich.de/sysmo



Outline

. Why systems biology?

II. The role of mathematical models

m Statistical models

m Mechanistic models

lll. Data management

=  The need for integrated biological and medical data

=  Data standards and data management

IV. Some links and literature



Systems biology

= A paradigm

"Systems biology...is about putting together rather than taking apart,
integration rather than reduction. It requires that we develop ways of thinking
about integration that are as rigorous as our reductionist programmes, but
different....It means changing our philosophy, in the full sense of the term”

Denis Noble (2006). The Music of Life: Biology beyond the genome. Oxford
University Press. p21

= A way of doing research

= Systems biology circle between experimentation and
modelling



The goal

= Make useful predictions
= Guide better understanding

Example:

" Oncotype DX (Breast)
= Gene signature (21 genes)
" Predicts response to chemotherapy in combination with
traditional diagnostic scores like node status, ER status,
tumor grade,...

= MammaPrint 70-gene signature



Systems biology and synthetic biology

Synthetic biology:

* Design and fabrication of biological components and
systems that do not already exist in the natural world

= Re-design and fabrication of existing biological systems
" Engineer a biological system to produce a certain
substance or to fulfill a certain function
Systems biology:
= Studies natural systems



The role of mathematical models

Is math useful at all?



Modelling

George Edward Pelham Box:

“Essentially, all models are wrong, but

some are useful.”

Box, George E. P.; Norman R. Draper (1987). Empirical
Mode/-Building and Response Surfaces. Wiley. pp. 688,
p. 424,




Which type of model?

" |t depends on the
= Biological question
= Data

Mechanis
models
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Example 1: Gene expression signatures and
statistical models

Biological question:

= Which genes can be used for predicting a certain
phenotype (e.g. survival or response to therapy)?

Data:

Patient | Gene 1l | Gene 2 | ... Survival

1 1.3 7.6 0.9 3 positive Yes

2 1.7 1.9 2.1 1 negative No

3 3.8 4.2 3.7 censored  positive Yes




Statistical model

Survival =f(genel,....genel000,node, ER+,...) + noise

Challenges:
= Small sample size, large number of variables
(small n, large p)
* Need an independent training set and a test set
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Example 2 from own research: Taxane response

signature
Swanton et al. Proc Nat! Acad. Sci.USA, 106, 2009

Many cancer cells are
aneuploid and chromo-
somally instable (CIN)

CIN: Increased rate
gains/losses

CIN cells are often more
resistant against drugs

Why?

NORMAL CELL
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ORDERAND ANARCHY; Anarmal human cell's chromosome set, of
karyotype (left),includes paits o 23 standard chromosomes,
whereas a tumer cell, like all cancers, exhidits the irregular karyotype
(ight] described as aneuplold: some whole chromesomes are
missing, extra copies of others are present, and many have traded
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fragments. Among these are so-called marker chromosomes, whose
distinctive structural rearrangements are seen inall the tumor's cells,
indicating changes that originated in the cellthat spawned the cancer,
Numbers under each one specify the surces of its fragments; plus
and minus signs ientify thosethat are largeror smaller than usal,
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Strategy for finding the gene signature

Generate a list of genes affected by taxanes (Taxane response gene
signature)

Analyze the relationship of genes in the Taxane response signature
to genes involved in CIN

Use the CIN70 gene signature of genes overexpressed in CIN cells
from Carter et al, Nat Genet, (2006)

m Meta AnalyS§Taxane signature
Microarrays for Taxane
treated cells

CIN70 CIN
genes
ggne regulated
list by Taxanes

14



Main results

B e

: , = Genes overexpressed in

P CIN cells are

E A downregulated by

g - taxanes

g P * Genes with

° 1 J I overexpressed CIN70
et signature are more
resistant to taxane

treatment
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Some mechanistic models

Stochastic models

Differential equation models

Constraint based
models
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Deterministic models for reaction networks

AlE: A<> B+ C Reaction 1
g - _ Orth et al
- : ' B+2C—>D  Reaction 2 Nat. Biotech,
i 2010
Lo Reaction n

—
e

Ordinary differential equations (ODEs) Constraint based models (COBRA)

Predictions: Predictions:

= Time courses of concentrations = Stationary reaction fluxes
Requirements (metabolic networks)

= Time course data for many Requirements

reactants (e.g. proteins) = Constraints on certain reaction

= Enzyme kinetic data rates
Applications: Applications:

= Small reaction networks " Genome scale metabolic

networks
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A nice example for a constraint based model

Network-based prediction of human
tissue-specific metabolism

Tomer Shlomi'%, Moran N Cabili'*%, Markus ] Herrgard?, Bernhard @ Palsson? & Eytan Ruppin'?

Nat Biotech, 2008

Data

= Reconstructed human metabolic network (puarte et al. Proc.
Natl. Acad. Sci. 2007)

" Gene and protein expression data for different tissue types
Goal:

" Predict and compare tissue specific activity of disease
related genes

18



Comparison of predicted and measured gene activity

of disease related genes
Shlomi et al, 2008
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Data management

Its a big mess! But it gets better.
Some Examples.

20



Problems in biological data management and
acquisition

" Heterogeneity and complexity of the data
= | ack of well established data standards
= Link to medical data

Simple example: Meta analysis of breast cancer
microarrays
= Used 10 large data sets (more than 1000 patients)
= Only 8 studies report the ER status

21



My whish list for medical systems biology

Biological data Medical data
(Patients)

Matching of high throughput data and clinical
diagnostics or outcome

22



NCBI is on the starting blocks

Datei Bearbeiten Ansicht ghroeseihen Extras Hilfe
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8 N C Bl Search All Databases

National Center for
Biotechnology Information

NCBI Home

Welcome to NCBI

Site Map (A-Z)

All Resources
health by providing access to biomedical and genomic information.

About the NCBI | Mission | Organization | Research | RSS Feeds

DNA & RNA

Domains & Structures

Get Started

Tools: Analyze data using NCBI software

Downloads: Get NCBI data or software

How-To's: Learn how to accomplish specific tasks at NCBI
Submissions: Submit data to GenBank or other NCBI databases

Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology
Literature

Proteins

Sequence Analysis Education Resources

Central point of access for help
documents, teaching materials, news
outlets, and other educational resources.

Training & Tutorials

Variation

The National Center for Biotechnology Information advances science and

Popular Resources

BLAST
Bookshelf
Gene
Genome
Nucleotide
OMIM
Protein
PubChem
PubMed
PubMed Central
SNP

NCBI News

New NCBI News Issue

28 Mar 2011

Information about the new
PubMed Mobile and Bookshelf

Retirement of Peptidome, SRA &
Trace Archive

Due to budget constraints, NCBI
will be discontinuing the

More...

Fertig




Proprietary data integration activities

= PData warehouses
= Example: iCHIP
= www.ichip.de

= DKFZ, Bioquant, Uni
Heidelberg

" |ntegrates Affymetrix,
cDNA, tissue microarray,
array CGH, mass
spectrometry, gel
electrophoreses, RNA,,...)

iCHIP
data integration

www.ichip.de
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Minimal information data standards

= Started withe MIAME (Minimal Information About a
Microarray Experiment)

= Other minimal information standards followed and were
integrated in the MIBBI project

2N Minimum Information for Biological
M'I'BBI and Biomedical Investigations
Project website: http://mibbi.org/

32 projects committed to date including:

MIAME (microarrays), MIAPE (proteomics), CIMR (metabolomics)
MIGS, MINSEQE & MINIMESS (genomics, sequencing)

MIGen & MIQAS (genotyping), MIARE (RNAi), MISFISHIE (in situ)

25
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BioPAX
Demir et al. Nature Biotechnology 28 , 935-942 (2010)

" js astandard language for the integration, exchange,
visualization and analysis of biological pathway data

" js coordinated with other pathway standards e.g.
SBML and CellML

Fficent Gommaniestn -~ BjoPAX Level 3 covers meta-
_-J bolic pathways, molecular
N interactions, signaling path-
ways, gene regulation and
genetic interactions.

Database
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Data management systems in systems biology

= Spreadsheets

= Template spreadsheets, e.g. ISA-TAB
(http://isatab.sourceforge.net/)

= Web-based document sharing tools

*= Groupware software (e.g. eGroupware) or more
specialized tools (e.g. DaMaSys, pyMantis)

= Exchange of spreadsheeds, SOPS, meta data, ...
* Workflow systems based on web services

® Construct and run an analysis workflow on the grid
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A web based document sharing tool:
pyMantis (Falco Krause, HUB, SysMO-Translucent)

ﬁpyMantis yMantis - Mozilla 0 . . S . —
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Taverna work flow system courtesy:
http-‘//WWW. taverna.org. uk Katy Wolstencroft
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Workflow diagram

) Available services

» [0 Service templates

» [ Local services

» [ Biomart @ http://www.biomart.org/biomart/martservice
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Organisations and institutions

Many institutions and organisations, only good starting points

National: International:
Helmholtz-Allianz-Systembiologie @~ = Systems Biology portal
www.helmholtz.de/systembiologie www.systemsbiology.org
FORSYS

www.forsys.net

= Portal for systems biology

research in Germany

www.systembiologie.de
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My key questions?

How to integrate biological data (genomic,
proteomic, *omic) with medical data?

Maintenance of data bases?

How can systems biology contribute to translational
medicine?



Journals and conferences

Journals

= Molecular systems biology
= BMC systems biology

= |ET Systems Biology

= Bioinformatics

and many other biology journals
including

Nature Biotechnology
PNAS
Journal of Biological Chemistry

Conferences

International Conference on
Systems Biology (ICSB)

Conference on Constraint-based
Reconstruction and Analysis

International Congress on
Molecular Systems Biology

Data Integration in the Life
Sciences
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