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Ensuring consistency and building confidence 



Outline 

Dynamics of in vitro signaling 
Network motif  computational function 

Interpretation of in vitro experimental results 

 

Dynamics of cell-cell interactions 
Cellular communication  biological function 

In vitro and in vivo model difference 

 

Multi-scale modelling  
Reconciles difference between in vitro and in vivo data 

Signaling + PK models: animal data  human prediction 
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Linear 

Nonlinear 
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equilibrium 

•Fixed points 
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•Overdamped 

systems, 

relaxational 

dynamics 

•Logistic equation 

for single species 

•Exponential 

growth 

•Radioactive  

decay 

Oscillations 

•Pendulum 
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•Biological 
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(neurons, heart 

cells) 
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•2-body problem 

(Kepler, Newton) 

•Strange 

attractors 

•3-body problem 

(Poincaré) 
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engineering 
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•Lasers, nonlinear 
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•Heart cell 
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•Solid-state 
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•Molecular 

dynamics 
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statistical 

mechanics 

Waves and patterns 

•Nonlinear waves 

•Plasmas 

•Earthquakes 

•General relativity 

•Turbulent fluids 

•Reaction-

diffusion, 
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chemical waves 

•Life 

•Elasticity 

•Wave equations 

•Electromagnetism 
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•Quantum 
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(Schrödinger) 

•Heat and diffusion 

•Acoustics 

•Viscous fluids 

Chaos Spatio-temporal 

complexity 

Nonlinear dynamics and chaos,  

Steven H Strogatz, Perseus Books Figure 1.3.1 

17th - 20th Century 

20th - 21st Century 
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Buzzer 

S “signal” RP “response” 
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Tyson JJ et al . (2003) Curr Opin Cell Biol. 15(2):221-231. Figure 1b 
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Bistable Switch 
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Bistable Switch - Irreversible 
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Epidermal growth factor signaling  

Non-classic oestrogen signaling  

 
Tyson et al. (2011) Nat Rev Cancer. 11:523-532 



Apoptosis initiation - critical slowdown 

Tyson et al. (2011) Nat Rev Cancer. 11:523-532. Figure 3 

Tyson et al. (2011) Nat Rev Cancer. 11:523-

532. Figure  S2-1a 

TRAIL: Tumor 

Necrosis Factor-

Related Apoptosis-

Inducing Ligand 

HeLa cells, 50 ng ml–1 TRAIL. Assayed for caspase activity by 

cleavage of an artificial substrate manufactured by the cell. 

Cells with high caspase activity are pseudo-coloured yellow. 

BH3-BCL2-BAX module constitutes a bistable (on-off) switch 

1. Once turned on, the switch remains on despite small decreases in stress 

2. The higher the stress, the more quickly the switch is turned on 
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EGFR: suvival and proliferation 

Computational Biology | 18 October 2011 10 R & D | Discovery Sciences 

Avraham R, Yarden Y. (2011) Feedback regulation of EGFR signalling: decision making by early and delayed loops. Nat Rev Mol Cell Biol. 12(2):104-17. 
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NF-κB module constitutes an oscillator 

1. NF-kB induces dual negative feedbacks in its inhibitor IκB. This renders 

NF-κB activities osscillate 

2. NF-κB oscillates with different periods in individual cells. 

3. Oscillatory NF-κB crosstalk with p53 waves to influence the decision 

between cell cycle arrest and apoptosis 

 

Turner et al. (2010) J Cell Sci. 123, 2834-2843. 

Paszek et al. (2010) PNAS 107(25): 11644–11649. 

Dynamic functions of apoptosis regulatory network 

NF-κB: survival/death decision 
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Dynamics of in vitro signaling 

 Network motif  computational function 
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Tyson et al. (2011) Nat Rev Cancer. 11:523-532 



Dynamics of cell-cell interactions 

 Cellular communication  biological function 
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Paszek, P., Jackson, D. & White, M 

(2010). Oscillatory control of signalling 

molecules. Curr Opin Genet Dev, 20(6), 

670-6.  

NF-κB signaling: weakly 

coupled oscillators 



Cellular communication  biological function 

 

Dynamics of cell-cell interactions 
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Wiley et al (2003) Trends in Cell Biology. 13(1):43-50 

TGF-α 

EGFR signaling: 

autocrine, paracrine 



EGFR autocrine signaling 
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Wiley et al (2003) Trends in Cell Biology. 13(1):43-50 



Can we build a model that… 

Integrates in vitro evidence with in vivo animal data? 
Consolidates different information and build confidence 

 

Helps predict outcomes for a clinical dosing schedule? 
Efficacy 

Toxicity 

16 Tao You                             tao.you@astrazeneca.com Computational Biology | Discovery Sciences 

MMOA PK/PD 

Mechanistic PK/PD 

in vivo 

xenograft 
in vitro 

In vivo 

xenograft 

Calibrated  

Mechanistic PK/PD 

Key parameter 

adjustment 

predicted 

human PK 

Human 

predictions 



Outlook 

Multi-scale model: 
Integrates in vitro and in vivo results  

1.    Ensures consistency and builds confidence 

Encompasses important clinical biomarkers 
1. Provision of a basis for selection and evaluation of different biomarkers at clinical trial 

2. Evaluation of different dose scheduling for clinical trial 

3. Potential insights into population heterogeneity and personalised dose scheduling 
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EGFR Signaling 
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Citri A and Yarden Y. (2006) EGF–ERBB signalling: towards the systems level. Nat Rev Mol Cell Biol. 7(7):505-16. 


