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+ using multiple species 
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+ predicting interventions 
+ predicting best combinations of interventions 
+ supporting human trials (food & supplement combinations) 
 
Your personal “+10“ healthspan formula in 10 years 
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• Körpergewicht 
• Triglyzeriden 
• LDL 
• systolischem Blutdruck 
• Diabetes 
• kardiovaskulären Erkrankungen 
• Krebs 
• etc. 
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Why healthspan? 

Same age. Left: normal diet. Right: healthy diet. 
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Bioinformatics experience, Rostock 

We know some evolutionary bioinformatics, and 
network interolog mapping. 
We did some work on blood count data and other 
phenotype data (). 
We did a lot of work on mapping transcriptomics to 
networks and inferring mechanisms (). 
We are currently working on predicting most- 
effective small-molecule combinations (). 
We are just starting on metabolomic data. 
We are very interested in (human) variation data. 
We will only touch the RNAi data. 
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Longitudinal mouse blood data, Jackson Lab 

Blood count data, for about 30 inbred strains of mice: 
 
 
 
 
 
 
 
 
 
Biomarkers of Ageing?? 
Yes, 
• if there is a known effect 

• if there is prognostic power. 

 

  months   months 



Longitudinally change and lifespan prediction 

 
 
 
 

 

 

 

 

 
 
Pro-longevity: anti-anemic RBCs, anti-immunosenecent B-cells. 
Anti-longevity: inflammatory neutrophils. 
 

5 

Pearson correlation 
long 
 
lifespan 
 
short 



First anti-longevity, later pro-longevity 

 
 
 
 
 
 
 

thyroxineT4 / BMI: first obesity, later robustness. 

and something reassuring: short-lived strains don’t spoil the analysis. (Aging Cell, 2014.) 

. 
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♀  

♂  



Why are we interested in the complex relationship in 
case of small molecule combinations? 
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Why are we interested in the complex relationship in 
case of small molecule combinations? 
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VIP: Validating the Innovation Potential of scientif. research 
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VIP: What we‘re aiming for (and why) 

Thousands of diseases lack effective interventions. 

Ageing may be slowed down by interventions, prolonging healthspan. 
 

Our environment (air, food, etc) is loaded with known and unknown factors that may 
affect health (positively, negatively, or hormetic). 
 

There are billions of possible interventions, e.g. small molecules & their combinations: 

• approved, investigational and failed drugs 

• other drugs (e.g. traditional Chinese medicine) 

• toxic substances 

• food, nutriceuticals, supplements 

• .... 
 

There is a complex relationship between intervention goals and interventions, and we 
have data on cell line, animal and human response, and limited knowledge. 

 
 
 
 
 
    
 
 



11 

What we‘re aiming for (and why) 

There is a complex relationship between intervention goals and interventions, and 
we have data on cell line, animal and human response, and limited knowledge. 

 

Cell line and animal data may easily lie (mice tell lies...). 

Human data are very limited, heterogenous, and expensive. 

Knowledge about diseases and molecular mechanisms is limited for these reasons, 
and also by investigator & publication bias; often it cannot be (easily) reproduced. 

 

Is there a common currency that we may use to connect intervention goals and 
interventions, being aware of all the limitations just mentioned (and many more)? 

Is there a common currency to describe most of the limited knowledge? 
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What we‘re aiming for (and why) 

Is there a common currency that we may use to connect intervention goals and 
interventions, being aware of all the limitations just mentioned (and many more)? 

Is there a common currency to describe most of the limited knowledge? 

And, is there a common currency to describe individuality? 
 

We believe there is  
 

The common currency to connect intervention goals and interventions are   
gene, protein (and metabolite) expression data. 

The common currency to describe most of the limited knowledge are    
 functional (gene/protein interaction/regulation) networks (incl. pathways). 

The common currency to describe individuality are modifications to the genes, 
proteins and networks (e.g. SNP and CNV data). 
 

Differential network analyses can integrate all common currencies mentioned above. 

  
    
 
 



Differential network analyses can integrate all common currencies. 

 
 + + 

condition 1 
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condition 2 

Mechanistic Details! 



                                                            

The value of links? 
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vs. 



Applying ExprEssence:  
From Networks to Mechanistic Details 
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Applying ExprEssence:  
From Networks to Mechanistic Details 
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Too many mechanisms...! 

Podo-
Proge
nitor 

Adult 
Podo-
cyte 



Applying ExprEssence:  
From Networks to Mechanistic Details 

 

10% 
strongest changes  
in PPI frequency 
(up, down) 
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Reduced network, still too many mechanisms 

Podo-
Proge
nitor 

Adult 
Podo-
cyte 



Applying ExprEssence:  
From Networks to Mechanistic Details 

 

1% 
strongest changes  
in PPI frequency 
(up, down) 

Filter membrane up 
Cell cycle down 
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Revealing few, likely relevant mechanistic details 
from a quantitative analysis! 

Podo-
Proge
nitor 

Adult 
Podo-
cyte 
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Biological knowledge about synergy/ drug combination mechanisms 



D2 

D1 

facilitator: enabling entry||enabling formation 

P (Site||Protein||Structure||Pathway||Concept||Cell,tissue,organism) 

D1 D2 

P1 P2 

P3 

P (Protein||Pathway||feedback cycle 
||(anti-)counteractive setup) 

Can be superadditive/synergistic, 
additive, 
subadditive/antagonistic 

What do we know about the mechanisms behind drug combination? 
20 



Machine learning can pick up the features and predict mechanism  
and synergy. 
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Evaluation of the challenge: scoring and team results  

Goal: Predict the experimentally determined synergy between 
14 small molecules, based on single-small-molecule transcriptomics. 
 
So much room for improvement! 
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Current state of VIP bioinformatics 

• Processed NGS data of collaboration partners (eg conplastic strain data) ✔ 
 

• Processed public gene expression effect data for known drugs ✔ 
 
• Processed Network knowledge data: Selventa ✔. 

 
• Assuming synergy mechanism: the better the query match, the more synergy ✔  

 
• Already close to best method in DREAM7-2 ✔. 

 
• ExprEssence highlights plausible mechanisms / KEGG pathways ✔. 

 
• Fresh predictions for conplastic strain data ✔! 
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Fresh predictions (mice & data by Saleh Ibrahim) 

Conplastic strains: each mitochondrion has a defined mutation, 
eg in Complex 1 or Complex 3 
Some of these mice live longer (mild stress, mithormesis?). 
We compared 3mo-liver transcriptomes of longer-lived mice & controls, and 
just predicted: 
 
• Bezafibrate + Bicalutamide 
Bezafibrate is a peroxisome proliferator-activated receptor (PPAR) alpha 
agonist, which is Antihyperlipoproteinemic according to KEGG annotation 
Bicalutamide is an androgen receptor antagonist which is Antineoplastic, 
Antiandrogen according to KEGG annotation.  
 
We seek data, optimally for 3 drugs A,B,C with transcriptomes also in 
combination, and for 3 drugs A‘,B‘.C‘ with transcriptomes, to predict best 
combination for your task/query. 
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Beyond the horizon... 

Can we engineer a worm that 
lives three months, based on 
combined „personalized“ intervention ? 
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Worked for me... 

After reading hundreds of healthspan/ageing papers/reviews, 
I modified my own diet towards inhibition of growth/inflammation,  
all from natural sources (eg curcuma, green tea, fish) 
-> not hungry until late afternoon 
-> BMI from 25 to 21 in 4 months 
-> never felt better... 
 
I am certain that my combo only works for few other people, 
but I‘m equally certain that a healthspan combo can be 
found for most people. 
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Invitation, Sept 25 

  
 
 
 
 
    
 
 

and preceded by the “Aging Forum”, Basel Life Science Week. 
 
(likely also Joao Pedro de Magalhaes.) 
 
 
The workshop is the 4th in a series (see Meeting reports in Rejuv. Res.) 
Please send abstracts until May 15, 2015 ! 
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Postdoctoral position, synergistic to AwE 

  
 
 
 
 
    
 
 

Applications sought until May 15, 2015 
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Summary and thanks 

 

How to obtain a personal “+10“ healthspan 
formula in 10 years? Let the worm speak... 
 
Special thanks: Mark Möller, Yang Du, Mathias Ernst, Stephan 
Struckmann, Gregow Warsow, Leila Taher 
BMBF (VIP, GerontoSys, Stammzellforschung) 
DFG (SPP 1356, Cellular Pluripotency and Reprogramming)    
 
 
 
  
 
 

Universitätsmedizin Rostock 
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