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Lévi, Lancet Oncol 2001 ; Mormont & Lévi, Cancer 2003 



(from Hastings, Nature Rev.Neurosci. 2003) 

2. Circadian rhythm	




 Example of circadian rhythm in normal (=homeostatic) Human oral mucosa for 
Cyclin E (control of G1/S transition) and Cyclin B (control of G2/M transition)	


50	

75	

100	

125	

150	

175	


0	
 08	
 12	
 16	
 20	
 00	
 04	

Sampling Time (Clock Hour)	


Cy
cl

in
-E

 p
os

iti
ve

 c
el

ls/
m

m
	


Sampling Time (Clock Hour)	


Cy
cl

in
-B

1 
po

sit
iv

e 
ce

lls
/m

m
	


60	

80	


100	

120	

140	

160	


0	

08	
 12	
 16	
 20	
 00	
 04	


Nuclear staining for Cyclin-E and Cyclin-B1. Percentages of mean ± S.E.M. in oral mucosa 
samples from 6 male volunteers. Cosinor fitting, p < 0.001 and p = 0.016, respectively.	
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(after Hastings, Nature Rev. Neurosci.  2003)	
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2. Circadian rhythm	




20 000 coupled neurons, in particular electrically (coupling blocked by TTX),	

each one of them oscillating according to a period ranging between 20 et 28 h	


With entrainment by light (through the retinohypothalamic tract) for VL neurons	
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(from Aton & Herzog, Neuron 2005)	


(after Leloup, Gonze, Goldbeter, J Biol Rhythms 1999) 
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(from Fu & Lee, “The circadian clock, pacemaker and tumor suppressor”, Nature Rev. Canc. 2003)	
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U = intercentral messenger	

V = hormonal messenger (e.g. ACTH)	

W= tissue messenger (e.g., cortisol)	
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…determining an average circadian oscillator in each peripheral organ	

     or tissue, as peripheral clock PER averaged over individual clocks 
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Desynchro D/D 
(T: varying 
around 21h30) 

Desynchro D/D 
(T: varying 
around 21h30) 

Synchro L/D 
(entrainment 
at T=24h) 

Resulting Per to control Wee1, hence CDK1= ψ, in proliferating cells 	
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2. Circadian rhythm and tisssue growth 	
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2. Circadian rhythm and tisssue growth 	




2. Circadian rhythm and tisssue growth 	


(from Fu & Lee, Nature 2003)	




LD12-12	


Jet-lag	
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(periodic) (periodic)	
(constant)	
 (constant)	
(G1-S-G2/M)	
 (G1-S-G2/M)	
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e-λtn1(t)	


e-λtn1(t)	
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λper(ψ peak wave) [<ψ2>=1.99]	
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Extended cascade model of the mitotic oscillator
The cascade incorporates cyclin synthesis and degradation,
activation of the phosphorylated form M+ of cdc2 kinase
through dephosphorylation into the form M by phospatase cdc25,
which is itself activated by cyclin through phosphorylation. 
Cdc2 kinase is inacivated by the kinase wee1.
Inactive cyclin protease X+ is phosphorylated into active form X
by cdc2 kinase
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Minimal model for Drosophila circadian clock
The model is based on the negative feedback exerted
by nuclear PER on per transcription,
and on multiple phosphorylation of PER

After Goldbeter (1997)

?

Mitotic oscillator model by Albert Goldbeter, 1997, here with 
circadian entrainment by a square wave standing for Wee1	


(after U. Schibler,Science, Oct. 2003) 
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(from You et al. 2005, Breast Canc. Res. Treat. 2005)	
 (from Fu & Lee, Nature 2003)	
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Desynchro D/D 
(T: varying 
around 21h30) 

Desynchro D/D 
(T: varying 
around 21h30) 

Synchro L/D 
(entrainment 
at T=24h) 

Resulting Per to control Wee1, hence CDK1= ψ, in proliferating cells 	
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3. Molecular PK-PD	




3. Molecular PK-PD	
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Input = 5FU infusion flow 

Output = blocked 
Thymidylate Synthase 

Input = LV infusion flow	
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