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Pathway search engine for proteomics -
Dream, fact or fiction?

Helsinki Drug Research 2008
Lessons from US HUPO, March 2008

Leigh Anderson:
Critical Role of Biomarker Verification

• March 2008: 0 (zero) biomarkers
discovered by proteomics

• Rate of FDA approval of (non-
proteomics discovered) protein
biomarkers dropped below 1/year

Reductionism is a dead end?…

Reductionist 
Molecular Biology:

Pathway Biology:

Two paradigms in Biology All systems go…

… reductionism - the idea that things can best be understood by reducing them 
to their smallest components, [molecules]. This turned out to be immensely useful 
in chemistry and physics…

In biology, however, the idea has its limits. The Human Genome project … was 
a triumph of reductionism. But merely listing genes does not explain how they 
collaborate to build and run an organism. Nor do … biological molecules give
full insight into the causes and development of diseases.

A complete understanding of biological processes means putting the bits back 
together again - and that is what systems biologists are trying to do, by using the
results of a zillion analytical experiments to build software models of living 
organisms.

The pharmaceutical industry stands to gain much from this approach…

The Economist, Oct 27-Nov 2, 2007
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Roche Applied Science "Biochemical Pathways"Fibroblast-growth-factor 
signaling pathway

Paradigm: Cell is a collection of pathways Analytical Pathway Biology
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Zubarev et al., J. Proteomics, 2008
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Up-regulated
Proteins

Observed

Stimulus

KeyNode-Mediated Analysis: Upstream

KeyNode1 3050
KeyNode2 2987
KeyNode3 2073

KeyNodeN 25

Score

…

Proteins
Deduced

Stimulus

KeyNode-Mediated Analysis: Downstream

This works!
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Comparative Pathway Analysis

FoM determines the quality 
of the scoring function

High LET Irradiated cells vs Low LET and Control 
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S.Stål et al.,submitted

Four Sample/Control comparisons
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Control Control Samples

Pathway Analysis: Validation

Pathway 
marker

62

47.5

Validation of XYZ pathway

With Angela Bachi S.Stål et al.,
submitted

Pathway Analysis: Criticism

• In some cases, activated pathways
are known from previous studies

• PSE can only identify pathways that
are in the database

KeyNode analysis:

What key molecules are responsible
for the observed proteome change? 

Key Node Analysis: Proteins to KeyNodes
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Key Node Analysis: Pairwise comparison
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Key Node Analysis: E values
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E = N•(Rank1/N)•(Rank2/N)•(Rank3/N)•(Rank4/N) 

= Rank1•Rank2•Rank3•Rank4/N3

Key Node Analysis: Statistical Evaluation
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Sample vs Control: Keynodes and Protein Network
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proteins

Proteins

not
Observed

Observed Proteins - Collective Biomarker 

Nearly half of the identified proteins were detected in >65 out of 71 voxels. On 
average 700 proteins were identified for a given voxel and no single voxel exhibited
the entire set of 1028 proteins.
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Pathway Analysis in Tissue Profiling?

3000 peptide MS/MS,
1000 proteins quantified

100 peptide MS/MS,
1000 proteins quantified

Accurate mass,
RT

Data reduction in PNA tissue imaging: Workflow
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Pathway Analysis in Tissue Profiling?
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Dr. Corina Mayrhofer 
Clinical Institute of Pathology 
Medical University of Vienna 

International Conference on Pathway Analysis in Proteomics

November 8-11, 2008

Lisbon, Portugal

Requests:  
Roman.Zubarev@icm.uu.se 
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