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What is so special with Systems Biology?

What it delivers?

Examples from cancer studies
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Overview

- Cancer is a systemic disease

-Systemic analysis tools

Data presentation

Clustering

Analysis of dependencies

Modeling

Interrogation

-Examples of systemic analysis

Carcinogenesis studies

Clinical applications
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What causes cancer?

Carcinogenic transformation

Human breast

Upper: non-cancerous

Lower: inf. duct.carcinoma Systemic approach

Europe
detected cases  - 350.000/year*
deaths - 130.000/year*

*estimates for 2000; Tyczynski et al., ENCR CFS, 2, 2002

* Find novel mechanisms of tumorigenesis 

* Find novel anti-cancer drug targets

* Development of òsmartò drugs

* Find markers of breast cancer 

Breast cancer
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Human breast and lesions

*Robbins, Pathologic basis of disease, 1994

*Weigelt et al., Nature Rev. Cancer, 2005
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Primary 

tumor

Invasive 

tumor

Metastasis

*Robbins, Pathologic basis of disease, 1994

Breast cancer 

treatments

(stages of tumorigenesis)

DrugsMarkers

BRCA1 CA125

BRCA2 CA12-3

ER/PgR BR 27.29

p53 cSHMT

uPA Tbx3

PAI-1 utrophin

ErbB2/neu

CEA

Tamoxifen

Raloxifen

Fulverstrant

Herceptin

Trastuzumab

ZD1839

New drugs and markers come

from in-depth and omics studies

Surgery

Radiotherapy

Chemotherapy

Mammography

*examples

Detection + Treatments
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What causes cancer?

Carcinogenic transformation

Human breast

Upper: non-cancerous

Lower: inf. duct.carcinoma Systemic approach

Breast

cancer

Molecular 

mechanisms 

of tumorigenesis

Profiling of tumors  

(clinical studies)

Markers for detection, 

diagnostics 

and monitoring

Deliverables of Proteomics

*CellProDe 

*Drug development
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Ways to study molecular mechanisms 

of breast cancer

Clinical samples
tissues, tumors, 

blood/plasma

Human 

primary cells

Animal models

Cultured cells
Expression and PTMs

Cancer 

(IDC)

ònormalò 

tissue

Phosphoproteins

Cancer (IDC)

Zakharchenko et al, 2007, Lomnytska et al., 2007

Expression

Xenografts,

Proteomics of cells

and tumors formed 

in animals

Immortalization-specific 

proteins have been identified
Jia et al., 2007

Sjöblom, Yakymovych et al.,2004, Cunha et al., 2008

Normal
(184A, HMEC)

High proliferation

dysplasia; 
(MCF10A)

Tumorigenic
(MCF7)

Metastatic

Woksepp, Bhaskaran, Jia, Lin, Yakmovych,

Zakharchenko, Stasyk, Dubrovska, 

What proteomics generates? 
type of data and informational value

LIST OF PROTEINS

Comprehensive vs selected

All proteins

(e.g. total extraction)

Enrichment/purification

- by PTMs

- by PTMs chemistry

- by chemical modifications 

(peptide backbone, e.g. ICAT)

- by activity (ABPP)

- by purification 

(PTMs and complexes)
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Deposition of information

http://www.ebi.ac.uk/pride/

Clustering: 

Functional  /alphabet/

http://www.geneontology.org/
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17-beta-hsd 1

hsd17b1

edh17b2

MGC2803

cpn10

hspe1

hsp10

krt10

hmg-14

hmg-17

hmgn1

anxa1

lpc1

lmna

lmn1

emd2

fpld

cmd1a

hgps

lgmd1b

krt10

krt10

tacstd1

trop1

m4s1

mic18

ly74

mnda

Proteins

Presented in the òrightò GO alphabet

.... But it is based on genes.

Protein Ontology is under construction

http://www.ebi.ac.uk/

Clustering: 

Time points
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Clustering: 
Structural Groups

organelles

Jansen et al. (2003) A Bayesian Networks Approach 

for Predicting Protein-Protein Interactions from 

Genomic Data. Science, Vol. 302. no. 5644, 

pp. 449 - 453

Clustering: 

Functional

/sentences/

Example:

GoMiner 

http://discover.nci.nih.gov/gominer/
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or for MCF10A

or specific for 184A1

Overview of TGFbtargets 

common for both cell lines,

*DAGs represent funtional clusters of common and specific proteins

Clustering: 
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Different pattern of TGFb-dependent regulation 

of the cell cycle 

MCF10A
184A1

**Primary data were generated by Hanna Woksepp (184A1 cells) 

and Nimesh Bhaskaran (MCF10A cells)

Clustering: 

- òtraditionalò analysis

- large-scale analysis without analysis of dependencies

- systemic analysis

Systemic analysis is a study of properties 

which appear as a result of interaction of 

components

(òit takes two to tangoò, or òcancer is not a gene diseaseò)
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Systemic Analysis

Functional analysis

òTop ïdownò òBottom ïupò

Process Results

Explanations

ProcessResults

Explanations
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Fas p

p38 p

RANKL p

How much of TGFbsignalling is induced by TGFb?

Zubarev et al., unpublished observation

òBottom ïupò

ProcessResults

Explanations

http://www.biobase.de/pages/

(ExPlain Analysis System)

http://www.biobase.de/pages/
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Conclusion:

TGFbregulates targets which are not 

considered to be TGFbtargets by majority 

of TGFbscientists.

Shall TGFbsignalling change its shape?

systemic analysis

Functional analysis

òTop ïdownò 

Process Results

Explanations

Example: 

Ingenuity Pathway Analysis   (http://www.ingenuity.com)

In application to TGFbeta-regulated proteins in human breast epithelial cells

http://www.ingenuity.com/
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17-beta-hsd 1

hsd17b1

edh17b2

MGC2803

cpn10

hspe1

hsp10

krt10

hmg-14

hmg-17

hmgn1

anxa1

lpc1

lmna

lmn1

emd2

fpld

cmd1a

hgps

lgmd1b

krt10

krt10

tacstd1

trop1

m4s1

mic18

ly74

mnda

Cells,

Treated or not with TGFbeta

2D gels

Image analysis

(statistics)

Identification

(mass spectrometry)

Workflow
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Functions affected by TGFbeta-regulated proteins
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Regulatory connections of

proteins regulated by TGFb

in 184A cells

CK2-dependent sub-network
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http://funcoup.sbc.su.se

Other tools are available as well....


