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Cell cycle and signaling pathway [Basic]
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Cell cycle, Signaling and Cancer

Weinberg (2006) The biology of cancer. Garland



From fibrosis to hepatocellular carcinoma

Bataller R. and Brenner D.A (2007). J. Clin. Inv.



TGF‐β signaling pathway

• Extracellular matrix production

• Cell proliferation

• Functional differentiation

• Cell motility

• Apoptosis



ADAM12 and TGF‐β receptors
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Le Pabic et al. (2003) Hepatology
Afti et al. (2006) J. Cell Biol



ADAM12 in TGF‐β receptor trafficking

Vilar et al. (2006) Plos Computation
Zi et al. (2007) Plos One

Afti et al. (2007) J Cell Bio.



ADAM12 and TGF‐β signal strength

J. Gruel et al. in preparation

internalization towards the endosome
recycling from the endosome
constitutive degradation



ADAM12 and TGF‐β signal shape

J. Gruel et al in preparation
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FiNng algorithm as a  exploratory tool

• Mathematical model

• Differential equation

• Solution space

• Biological insigths

• Signal strength

• Signal shape



Signaling pathways and cell cycle



Cell cycle and signaling pathway [Basic]
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Modeling the Cell Cycle
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Modeling the Cell Cycle



Regulatory Graph of Cell Cycle

Fauré et al. (2006) BioinformaLcs 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Davidich et al. (2006) Plos One

Temporal evoluUon in the cell cycle



Synchronous versus Asynchronous

Fauré et al. (2006) BioinformaLcs 

Synchronous = parallel updating
Asynchronous = sequential updating



Discrete dynamic modeling

• Signal updaUng in the model
– Synchronous

– Asynchronous

– Interlacing

• Answer quesUons
– Is molecule A always before molecule B?

– Are C and E never acUve at the same Ume?

– …



Discrete mulU‐clock modeling: a new formalism

• Time in the model

• State X is modified by a signal with a clock hx
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Discrete mulU‐clock modeling: first results

State: D, f(), D0
Clock: h_D
F()= A and B when h_D

synchronous asynchrone



Future work

• Temporal constraints

• Methods and metrics

– analysis

– diagnosUcs

• ValidaUon

– In silico

– In vivo

• Interface biologist/computaUonal model

• Include signaling pathways



Plug‐ins: Signaling Pathways
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Kinase and cell cycle
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