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Who are we?

http://www.astrazeneca.co.uk/astrazeneca-in-uk/our-uk-sites/alderley-park



Complex (Erratic) Life of a Drug
Tamoxifen (Nolvadex™)

•  1962: Synthesised as a contraceptive

•  1962: patented in UK; patent denied in US

•  1971: Effect seen in advanced breast cancer

•  1980: Effect demonstrated in early breast cancer

•  1982: US patent

•  1998: Meta-analysis conclusively demonstrates life-

saving properties in early breast cancer

•  2002: US patent expires



Business challenges in pharmaceutical industry

Munos B, Nat Rev Drug Discov. 2009 Dec; 
8(12): 959-68 Arrowsmith J, Nat Rev Drug Discov. 2011 May; 

10(5): 1

Phase II failures: 2008–
2010

Paul SM et al., Nat Rev Drug Discov. 2010 Mar; 
9(3): 203-214



Limitations of current drug discovery approach 

• Reductionist Target Based Approach:

- Isolated targets are screened to identify potential new drugs.

- Translatability: From in vitro cell-lines over animal models to human. 

- Too little data / Curse of large data.

We would like to understand physiological response to an intervention 

as early as possible.

• Hope that mathematical modelling and computational methods will get us a 

little closer towards this goal. 

 



Typical Questions for Computational Biology 

Can you evaluate which 
effect inhibiting X will 
have on Y?

How should we design our 
biological assay? How can 
we improve it? 

Which patients are most likely to benefit 
from treatment with drug X? 

Can you evaluate 
potential safety risks? 

With which other drug should we combine 
our drug to see a better response?



Oncology: Phosphoinositide Signalling

Liu et al. (2009) Nature Rev. Drug Discovery



PIP2 and RTK Activation 



Phosphatidylinositol (PI): Some Background

• Phosphatidylinositol consists of 
a phosphatidic acid backbone 
linked to an inositol ring.

• PI undergoes reversible 
phosphorylation of inositol ring 
at positions 3, 4 and 5 resulting 
in the generation of multiple 
phosphatidylinositol phosphate 
(PIP) species.P
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(Diagram by Vikki Flemington)



PIP Signalling cascade

Bunney et al. (2010) Nature Cancer  Reviews



Characterising PIP2 downregulation 
Western Blot Exp. in NIH3T3-PDGFRβ  cells

• Transient response in pPLCγ  whereas PDGFRβ  phosphorylation is sustained. 



Mass Spectroscopy Measurements 

• No observable response in PIP2 when upstream kinases are inhibited.  

•Project-Hypothesis: RTK activations requires PIP2. PIP2 depletion by 
PLCγ  activation terminates RTK signalling and leads to adaptation.



Modelling Approach 

 

Numerical Analysis following Ma et al. (2009) Cell:

I
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III



Proposal I  



Proposal II 



Proposal III 



Proposal III  

Why does it work? 



Conclusion

• Modelling identified mechanisms critical for the 
experimentally observed behaviour. 

• Experiments for model validation currently being carried out. 

• Ongoing engagement also focusing on patient stratification 
etc. 



Role of Adipose Tissue in Diabetes

Goal: Regulate lipolysis and FFA levels to attenuate insulin resistance. 



Lipolysis in Primary Rat Adipocytes 

What is the in vivo connection between the two biomarkers cAMP and glycerol? 



Experiment: Time-course Data

Why does the cAMP signal adapt whereas the glycerol signal saturates? 



Model: A Cartoon 



Model and Experiment: cAMP timecourses

Model correctly captures cAMP dynamics under various experimental conditions. 



Model and Experiment: Glycerol Response

Model shows qualitative agreement with glycerol response. 



Model Validation: Replacing iBMX with 
Theophylline

Model sufficiently robust to account for theophylline in place of iBMX. 



Model validation: Blocking PKA by H-89

Model prediction that blockage of PKA by H-89 will triple 
the cAMP signal can be experimentally validated. 



Conclusion

• Demonstrated that mathematical modelling guides 
experiments and facilitates inference of network topology.

• cAMP response in primary cell cultures extracted from rat 
adipose tissue is restricted by PKA mediated induction of 
cAMP metabolism by PDE

• Model correctly predicts effect of PKA inhibitor on cAMP and 
glycerol response.
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