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Interdisciplinarity: Easier said than done



“The art is in the leadership”



“Put the success of the group 
over the success of the individual”



Interdisciplinary Teams

In recruiting for such teams, 
disciplinary excellence is not the sole criterion.

Individuals must be flexible and open-minded,
have good communication and social skills,

and be willing to work with others 
in pursuit of a common goal.

J.S. Altshuiler & D. Altshuiler 2004 
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Distance matters…



Allen & Henn 2007

Communication across disciplines



Allen & Henn 2007

How about a “Mini-sabbatical” ?



The challenges in interdisciplinary teams
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Curr. Opin.Biotechn. 2015 Aug;34:48-55. doi: 10.1016/j.copbio.2014.11.020. Epub 2014 Dec 10.

Learning from Ecology



Can we identify early warning signals 

for disease transitions?
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Early warning signals

M. Scheffer & R.S. Carpenter Trends in Ecology and Evolution 2003



The next generation of biomarkers 
- More than mean and variance -



Critical transitions in cell differentiation

PLoS Biol 14(12), 2016

Epo Il3/GM-CSF

Erythroid Myeloid



Critical transitions in cell differentiation

Gene correlation Ratio (Ic)Cell correlation 

Mojtahedi et al. PLOS Biol. 2016



Dynamical network biomarkers 

(Chen et al., Scientific Reports 2012)



Dynamical Network Biomarkers
as early warning signals

Liu, R. et al. 2013
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Using Gene Variation and Correlation 

as an early warning signal

Luonan Cheng et al. 



Identifying critical transitions from EHR-data

https://www.google.com/imgres?imgurl=https://2nznub4x5d61ra4q12fyu67t-wpengine.netdna-ssl.com/wp-content/uploads/2012/10/LGTmedical.jpg&imgrefurl=https://www.medgadget.com/2012/10/lgtmedicals-vital-signs-dsp-uses-any-smart-device-as-medical-sensor-interface-video.html&docid=dso01AohUpcbqM&tbnid=_xu1d2DTIa4KEM:&vet=10ahUKEwiqiNCfvubVAhXFalAKHYzIARQQMwgnKAEwAQ..i&w=333&h=299&bih=837&biw=1024&q=smart%20sensors%20in%20medicine&ved=0ahUKEwiqiNCfvubVAhXFalAKHYzIARQQMwgnKAEwAQ&iact=mrc&uact=8
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Choose genes with 
high fluctuations

Cluster genes
with high

correlations

Identification 
of  DNB

(by 3 conditions)

Functional analysis 
of DNB

Deviation Test
(Step 1)

Significance Test
(Step 3)

Correlation Test
(Step 2)

Functional Test
(Step 4)

Gene Variation and Correlation at transition points 

Luonan Cheng et al. 



Mojtahedi et al.

Can we use system-immanent ratio’s 

to describe the state of a disease?



Immunometabolism as a potential switch-point
in Parkinson`s disease



Modules in Metabolism

Buck, M. et al. 2015



Can we identify meaningful ratio`s that provide 

information on robustness and fragility?



A central role of DJ-1/Park7 in energy metabolism 

Egle Daniveluce, He Feng et al. (unpublished)

DJ-1



DJ-1 directly  binds PHDB

DJ-1

PDHB



Insulin resistance, diabetes 
and neurodegeneration

https://www.google.com/imgres?imgurl=https://2nznub4x5d61ra4q12fyu67t-wpengine.netdna-ssl.com/wp-content/uploads/2012/10/LGTmedical.jpg&imgrefurl=https://www.medgadget.com/2012/10/lgtmedicals-vital-signs-dsp-uses-any-smart-device-as-medical-sensor-interface-video.html&docid=dso01AohUpcbqM&tbnid=_xu1d2DTIa4KEM:&vet=10ahUKEwiqiNCfvubVAhXFalAKHYzIARQQMwgnKAEwAQ..i&w=333&h=299&bih=837&biw=1024&q=smart%20sensors%20in%20medicine&ved=0ahUKEwiqiNCfvubVAhXFalAKHYzIARQQMwgnKAEwAQ&iact=mrc&uact=8


Is Parkinson disease the Diabetes of the brain?

https://www.google.com/imgres?imgurl=https://2nznub4x5d61ra4q12fyu67t-wpengine.netdna-ssl.com/wp-content/uploads/2012/10/LGTmedical.jpg&imgrefurl=https://www.medgadget.com/2012/10/lgtmedicals-vital-signs-dsp-uses-any-smart-device-as-medical-sensor-interface-video.html&docid=dso01AohUpcbqM&tbnid=_xu1d2DTIa4KEM:&vet=10ahUKEwiqiNCfvubVAhXFalAKHYzIARQQMwgnKAEwAQ..i&w=333&h=299&bih=837&biw=1024&q=smart%20sensors%20in%20medicine&ved=0ahUKEwiqiNCfvubVAhXFalAKHYzIARQQMwgnKAEwAQ&iact=mrc&uact=8


We need to systematically identify and classify 
critical transitions in disease pathogenesis

1. Thresholds
2. Upper and lower bounds
3. Slopes
4. Types of transitions
5. Underlying mechanisms

PNAS 112, Oct. 12, 2015 



Physics meets Biology



Control Theory: Feedback, Optimisation, Games

Information Theory: Entropy, Coding

Computational Complexity: Decidability, P-NP

Dynamic Systems: Stability, Bifurcation, Chaos

Statistical Physics: Phase Transitions, Critical Phenomena

Physics meets Biology
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