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Precision Medicine at the interface of translational science 

and systems medicine 

 

• Precision Medicine 

• The Individual as a System 

• Need for a Paradigm Shift 

• Take-home messages 
 

  



GBIO0002 - Bioinformatics theory & case studies          

 

          
 

 

 

 

 

 

Precision Medicine 

  



GBIO0002 - Bioinformatics theory & case studies          

 

          
 

Precision Medicine 

 

 “a medical model using characterization of individual’s phenotypes 

and genotypes (e.g., molecular profiling, medical imaging, lifestyle 

data) for tailoring the right therapeutic strategy for the right person at 

the right time, and/or to determine the predisposition to disease 

and/or to deliver timely and targeted prevention.” 

 

(HORIZON2020 Advisory Group; 

EU Health Ministers – December 2015)  
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PM & Prevention: a dynamical process 

   

 

 

(K Van Steen & N Malats) 
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PM & Individual Characterization: patient eco-system 

 

  

(Aronson & Rehm 2015) 
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PM & Data acquisition: the more the better? 

 

 

 

 

 

 

 
  
(Pardo-Seco et al. 2014) 

(Sabatti et al.  

2009) 
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Data acquisition: the more the better?  

  



GBIO0002 - Bioinformatics theory & case studies          

 

          
 

Systems: defining boundaries 

 
(@2004-5 Steve Easterbrook) 
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PM: the Individual  

as a System 
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Interactions & Integration 

Buzz words: Interaction information, synergy, interactome, … 

 

  The interactome refers to the entire 

complement of interactions between 

DNA, RNA, proteins and metabolites 

within a cell. 

These interactions are influenced 

by genetic alterations 

and environmental stimuli. 

Mind the context! 
 



GBIO0002 - Bioinformatics theory & case studies          

 

          
 

Perturbations link to individual-to-individual heterogeneity 

• Perturbations to the interactome are individual-specific. 

 

• For Precision Medicine, the link between perturbations in network 

and systems properties and phenotypes might be as important as 

that between genotypes and phenotypes. 
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Example 1: perturbations of PPI networks  

 
                                                             (Sahni et al. 2013: edgotypes) 
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Example 2: environmental interactions with human SNPs  

• … where environment may not be predictive for phenotype (Morrison et 

al. 2007; Dudbridge et al. 2017) 

• … where genotype may not be predictive for phenotype (Cooper et al. 

2013) – Incomplete penetrance, a common phenomenon 

- What: The expected phenotype of a particular genotype is not 

expressed 

- Why: Environmental factors as well as the effect of other genes may 

alter the phenotypic expression of a particular genotype 

• Compensatory genes contribute to variation in natural and human 

populations; it is intuitive to assume that they should not be a limited 

phenomenon  
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Example 3: human SNP-SNP interactions   

• Few success stories – define “success” 

• A widely accepted protocol to perform a Genome-Wide Association 

Interaction Study (GWAIS) is still lacking: 

- many difficulties / attention points (technical, statistical, 

computational, the big picture – data integration) involved in 

performing large-scale SNP-SNP interaction screening  

- and in inferring biological evidence from statistical findings  

• Role in Personalized Medicine: Alzheimer’s disease (Gusareva et al. 

2014) with a discussion about biological translation and 

repercussions of the identified epistasis in Ebbert et al. 2015.  
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Epistasis 

• The original definition (driven by biology) refers to a variant or allele 

at one locus preventing the variant at another locus from manifesting 

its effect (William Bateson 1861-1926). 

 

 
(Moore 2005) 

• Grown into a more general theory and applications framework for 

the analysis of interactions across and between -omics strata. 
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Lessons learned: moving from DNA networks to interactomes 
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Interactions & Integration 

Buzz words: Fusing, merging, combining, … 

• Analytic level:  

A trans-disciplinary approach should provide generic frameworks 

and should provide organizing principles for the interaction of diff. 

types of analytics  
(Van Steen, Cluj, 2015) 

 

• Data level:  

Integration is the process of connecting systems (which may have 

fusion in them) into a larger system (Oxley & Thorsen, 2004)  → 

accounting for interactions 
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“Message passing” between network layers of information 

• Example: Transcription Factors (TFs) 

 

 

  

 

  

TF interaction network 

(TranSignalTM TF ProteinArray) 

Gene co-expression  

network TRRUSTv2 

(Han et al. 2018) 

() 
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Need for a paradigm shift 
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Example: revised units for MB-MDR ≥ 1D analyses 
while being as comprehensive as possible within mini-systems 

Paradigm shift at the level of integration: systems and granularity 

• Analytic integration (modelling paradigms) –  INFANCY 
 

• Data integration (heterogeneous data types) – WELL PROGRESSING  

 

 

 

 

 

   

 

 

 

- Component-based 

- Kernel-based 

- Network-based 

(Fouladi et al. 2015-2018; 

Ocira et al. - DESTinCT grant ; 

Walakira et al. 2020)  

Unit i 
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(http://bio3.giga.ulg.ac.be) 
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Expected benefits in the context of PM 

1. Increased replicability & robustness when used in models for  

- prediction 

- diagnosis 

- treatment management 

2. Less granularity, yet based on deep levels of detail 

3. Well suited to create individual-specific (gene interaction) networks 

  



GBIO0002 - Bioinformatics theory & case studies          

          
 

(Oldham et al 2006) 

Paradigm shift at the level of interactions: individual-specific edges 

            group-based                                             individual-based 

 
(Duroux et al 2020 – use of bio knowledge) 
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Types of individual-specific networks  

• Omics-driven individual-specific “significant” nodes (Menche et al. 2017; 

Bhardwaj et al 2020 application to PDAC) 

 
 

• Individual-specific “significant” edges via leave-one-out (Van Steen 2015 - 

@ ETHZ; Kuijjer et al. 2018) 
 

                      “Truly” individual-specific “significant networks”  
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Expected benefits in the context of PM 

1. Assessing individual-specific (systems level) properties 

2. Comparing individuals in a systemic way, enhancing  

- patient subtyping for stratified medicine or  

- molecular reclassification of disease 

3. Comprehensive views on “outlying” individuals  
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Major hurdles? 

• Computation time  

- F.i. Leave-one out requires following the same underlying 

analytics that generated the source network 

- In more detail: 

▪ Create a network based on thousands of individuals 

▪ Leave one out and rebuild the network 

▪ Use the developed statistical tool to assess significance and to 

rebuild an individual-specific network 

• Robust networks 

• Contributing data 

- Informativity versus redundancy 

- Samples contributing to the “reference” 



GBIO0002 - Bioinformatics theory & case studies          

          
 

Example: SENs & robustness 

• Aggregating networks that are partial representations of a true 

network (Duroux et al. 2020) 

 

  



GBIO0002 - Bioinformatics theory & case studies          

          
 

Example: SENs & computation time 

• Multiple testing correction via “gammaMAXT” in MBMDR-4.2.2: 

 

    
(Van Lishout et al. 2015) 
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Example: SENs & fine-scale structure  

• Identifying influential or extreme patients 

• Build on ipPCA (Intarapanich et al. 2009) for population samples: 

- Performs PCA with genotype data 
 

- If substructure exists in PC space individuals are assigned to one 

of two clusters (2-means algorithm / fuzzy c-means) 
 

- Iteratively performs test for 

substructure and clustering on 

nested datasets until stopping 

criterium is satisfied  

(no substructure) 
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IPCAPS 

IPCAPS workflow 
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                 (Chaichoompu et al. 2019) 

RubikClust for 

outlier separation 
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IPCAPS 

 

  

                 (Chaichoompu et al. 2019) 
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IPCAPS Software: 

 

 

IGES October 2019 highlighted paper: 
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Take-home messages 
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1: Information is in “the edges” & learn from mini-systems 

 
                          (moving towards individual networks) 
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INTEGROMIX 

P-STRUCT 

2: Progress is in “integration” 
 

  

DESTinCT 



GBIO0002 - Bioinformatics theory & case studies          

 

          
 

3: The need for more data is relative 

   

Do you think that omics profiling will be 

 routinely used in the clinic in future? 

“Not in the form we are doing it. At the moment we 
have a very incomplete picture of what’s going on, 

whereas if we were able to make thousands of 
measurements we would have a much better 

feeling. We just don’t know, for the clinical tests, 
which thousand measurements are going to be most 

useful. We’ll need certain measurements for 
diabetes, others for cancer, and specific tests will 
probably reveal themselves useful for different 

diseases.” 

(Snyder 2014) 

Redundancy – Informativity - Structure 
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