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Physiological or therapeutic control 
exerted on:	

-  transitions (checkpoints) between	

   phases (G1/S, G2/M, M/G1)	

- death rates (apoptosis or necrosis) 	

- progression speeds inside phases	

-  exchanges between quiescent (G0)	

   and proliferative phases (G1 only)	




(from B. Basse et al., J Math Biol 2003)	


di , Ki->i+1 constant or 
periodic w. r. to time t 
(1≤i≤I, I+1=1)	


ni:=cell population 
density in phase i ; 
vi :=progression speed; 
di:=death rate; 

Ki-1->i:=transition rate 
(with a factor 2 if i=1)	
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Lévi, Lancet Oncol 2001 ; Mormont & Lévi, Cancer 2003 



(Hastings, Nature Rev. 
Neurosci. 2003) 



(after Hastings, Nature Rev. Neurosci.  2003)	
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Folinic Acid 
300 mg/m2/d	


Time (local h)	
 04:00	
16:00.	


5-FU 
600 - 1100 mg/m2/d	
OxaliPt 

25 mg/m2/d 	


F. Lévi,  INSERM  U 776 Rythmes Biologiques et Cancers	
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Images from the Chronotherapy Unit, Paul-Brousse Hospital, Villejuif, France 



Chrono	
Constant	


<10-3	


<10-2	


<10-4	


p	
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g(D,t)=H.Dγ/(D50
γ+Dγ).{1+cos 2π(t-ϕT)/T}	
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Mitotic human HeLa cell (from LBCMCP-Toulouse)!



(from B. Basse et al., J Math Biol 
2003)	


di , Ki->i+1 constant or 
periodic w. r. to time t 
(1≤i≤I, I+1=1)	


ni:=cell population 
density in phase i ; 
vi :=progression speed; 
di:=death rate; 

Ki-1->i:=transition rate 
(with a factor 2for i=1)	


Flow cytometry	










 ψ=CDK1   All cells in G1-S-G2 (phase i=1)  All cells in M (phase i=2)	


  Entrainment of the cell division cycle by ψ= CDK1 at the circadian period	


time t 
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