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• Basic concepts

• Molecular biology of the circadian clock

• Circadian timing in health and diseases

Outline
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Hormone secretion

Circadian rhythms

Ecology
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Biological oscillations

10 Logs !



Circadian rhythm of  bioluminescence in a 
dinoflagellate (Lingulodinium polyedrum)

20 days in LL
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Melatonin secretion from avian pineal gland in vitro
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Examples of daily rhythms in human

TAG

Exécution des tâches

Vigilance

Température

Mélatonine

Rajaratnam & Arendt, Lancet 2001

Fu & Lee, Nature 2003

Melatonin

Body temp

Vigilance

Execution des tâches

Triglycerides
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t< 20 h

20 h <t< 28 h

t > 28 h

ultradian

circadian

infradian

Period (t)

Amplitude (b)

Biological rhythm  Y = a + b cos (2𝜋 (t - Φ))

Some definitions for biological rhythms
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19 h 19 h7 h

Φ = ZT18Phase

Niv moy (a)

Synchronizer = zeitgeber (ZT)



Mimosa pudica (sensitive)Jour Nuit

The pioneer of modern chronobiology
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Jean d’Ortous de Mairan
(1678-1771)

1729

1729



Free-running in human
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1962, Michel  Siffre stays 58 days in-free running conditions (gouffre  de Scarasson) 

Many physiological processes remained rhyhtmic

jours

période d’activité



The central clock

Copyright F Rouyer, CNRS
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1972 : Moore & Eichler and Stephan & Zucker locate the circadian 

Clock in the suprachiasmatic nuclei of mammals

Localisation of the clock in mammals
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SCN neurons are the only clock neurons

Co: chiasma optique
3V: 3ème ventricule
SCN: noyaux suprachiasmatiques
PVN: noyaux paraventriculaires

13



Intercellular coupling between SCN neurons
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Synchronisation de l’hologe

Gronfier, Biologie d’Aujourd’hui 2014
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Lumière en début de nuit : retard de phase (voyage vers l’ouest)

Lumière en fin de nuit : avance de phase (voyage vers l’est) 

Rajaratnam & Arendt, Lancet 2001

avance

retard



La lumière bleue est la plus efficace pour 
resynchroniser notre horloge
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Light a universal synchronizer of circadian clocks

Phase response curve in Arabidopsis thaliana
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The entrainement range depends on the coupling
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Rigid oscillator :SCN
(strong coupling)

Flexible oscillator: periphery
(little or no coupling)

P: clock oscillator period
q: zeitgeber period

HP Herzel et al, Berlin



The circadian clock is temperature compensated
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Q10 = 

R 2

R 1

10
(t2-t1)

1859-1927

• Le coefficient thermique Q10 représente l’augmentation du taux 

d’une réaction pour un écart de température de 10°C.

• La vitesse de réaction peut être assimilée à n’importe quel 

processus (vitesse de production d’un composé chimique, vitesse 

de propagation d’un potentiel d’action, courant conduit à travers 

un canal ionique, rythme cardiaque, consommation d’oxygène).

Horloge circadienne: Q10 ~ 1



Thermal compensation of the circadian clock

Versteven et al. iScience 2020
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The 3 components of the circadian clock
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Summary 1

• Many biolgical processes oscillate with a circadian period

• The circadian clock is an endogenous mechanism

• The central pacemaker is localized in specialized neurons

• The circadian clock is synchronized by external cues

• The circadian clock is temperature compensated



Nobel 2017 Physiology and Medicine

JC Hall M Rosbash MW Young
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The genetic origin of circadian rhythms
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Per0 PerlPers

S Benzer (1921-2007)

24 h 19 h 26 harrythmic

Mutatagenesis

Kanopka & Benzer, PNAS 197124



Per0 flies are arrhythmic
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The Period gene is rhythmically expressed

transcription
mRNA

protein

(Zeitgeber)

ADN

mRNA

Protein

translation

transcription

So & Rosbash EMBO J 199726



The Clock mutant mouse

King et al., Cell 1997, Antoch et al., Cell 199727



The Clock mutation in the mouse
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The CLOCK protein is a PAS domain transctiption
factor
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Per1/Per2

Cry1/Cry2E-box

E-box

cytoplasm

Rora/b/gE-box

Rev-erba/bE-box

CLOCK

BMAL1

Bmal1R-box

CLOCKBMAL1

REV-ERBs

RORs

REV-ERBsRORs

CCGsE-box circadian physiology

CRYs

PERs

CK1e/d

PP

bTcRP

26SP

FBLX3
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P
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nucleus

The circadian oscillator is a genetic network

CK1e/d

PP



Activation

Cry’s

Per’s

Repression

Clock

Bmal1

Simplified model of the mammalian circcadian clock

Rev-erba
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Simplified model of the Drosophila circadian clock

E-box

gènes Per, Tim
CLOCK BMAL1

PER

TIM

PER

TIM
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The same basic mechanistic principles govern all 
circadian clocks

activator

repressor

oscillator

inputs

outputs
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Biochemical / genetic oscillators

34

Function Components Period Class

Metabolism Gluoose, ATP, PFKase 2 min Amplified delayed

feedback loop

Signaling NF-kB, IKK ~ 2 h Delayed negative

feedback loop

Signaling P53, MDM2 5 h Delayed negative

feedback loop

Development Her1, Her7, Notch 30-90 min Delayed negative

feedback loop

Embryonic cell cycle CDK1,  CCNB, Wee1, 

Cdc25, Cdc20

30 min Amplified negative

feedback loop

Circadian rhythms PER, CRY, CLOCK, 

BMAL1, CSNK1D…

24 h Delayed negative

feedback loop

Novak  & Tyson Nat Rev Mol Cell Biol, 2008



Peripheral clocks
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A clock in every cell
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Cicadian Omics
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• Methylome
• Acetylome
• Transcriptome
• Proteome
• Phosphoproteome
• Metabolome

> 400 datasets
> 50 tissues
> 10 species
> 10 condition types (KO, disease, diet, drugs) 

• Circadian regulation operates at all levels
• Highly tissue specific
• Feeding behaviour which is controlled by the central clock has a prominent

impact on rhythms in the periphery
• Many CCGs are involved in pathways targeted by drugs
• Emerging human circadian omics

http://circadiomics.ics.uci.edu/
http://circadb.hogeneschlab.org/
http://cgdb.biocuckoo.org/index.php

http://circadiomics.ics.uci.edu/
http://circadb.hogeneschlab.org/
http://cgdb.biocuckoo.org/index.php


The adaptive value of circadian clocks

Synechoccocus elongatus
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Summary 2

• Clock genes govern circadian rhythms

• A delayed negative feedback loop drives all circadian clock

oscillator

• Cicadian oscillators are present in virtually every cell

• Circadian gene expression is extensive and highly tissue-

specific

• The clock has an adaptative value





The circadian timing system

External
synchronisers

PathologyPerturbations

Local clocks

Internal
synchronisers

Physiology
&

Behaviour

 Sleep/wake, fastig/feeding

 Mitochrondria dynamics

 Transcription, translation

24 h 24 h

Master  clock

CLOCK BMAL PER CRY



• Met syndrome
• CVD  
• Cancer
• Sleep
• Depression

Biomedical implications of chronobiology research

Hormones
Body temperature
Neuronal signals

Immunity

Metabolism

Biomechanics
Metabolism

Blood Pressure

respiration

Renal activity

microbiota

Metabolism

Sleep
Vigilance

BBB

Bone turnover

Hyperglycemia
Insulin resistance

dyslipidemia

Inflammation
Autoimmunity

Obesity

Hypertension
Cardiomyopathy

Dysbiosis

Sarcopenia
Myosteatosis

Fibrosis

Sleep disorders
Neurodegenerative disorders

Psychiatric disorders

Osteoporosis

Altered wound healing

Environment
Low intensity lighting

Light at night, blue light
Hospital

Behavioral
Shift work

Chronic jetlag
Irregular/late food intake

Organism
Aging

Disease

Organs
Loss of phase 

coherence

Molecular
Signalling
genetics

Circadian misalignment

Circadian disruption

wound healing



Les désordres du rythme circadien du sommeil
(11% des consultations pour insomnie)

7 23

4

15 15

20 4

23 7

12

Syndrome d’avance de phase du sommeil : 13.5%

Syndrome de retard de phase du sommeil : 82.7%

Sommeil normal

Anomalie de la période du sommeil : 3.8%
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Une mutation dans le gène Per2 humain est la cause

d’une maladie du sommeil FASPS

Mutation 

S662GHuman Per2 gene

Phosphorylation sitesPAS domain
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Impact of circadian misalignment on metabolic
homeostasis

Karlsson et al 2003 (WOLF study)

Scheer et al 2009

• Triglycerides

• HDL-Cholesterol

• Post-prandial glucose 

• Post-prandial insulin

• Waist/hip ratio 



Feeding pattern in humans

• Healthy adults non shift workers
(n = 156)

Gill & Panda 2015 Cell Met

Baseline Intervention 
(> 25 BMI, > 14 h feeding
duration 12 h, n=8)

• Prediabetic men (n=6)

Sutton et al, 2018 Cell Met

4-5 h



Circadian rhythms and cardiovascular pathologies
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Cardiac surgery

• Remplacement de la valve aortique
• Suivi de cohorte (298 + 298) + essai randomisé (44 + 44)

Biopsies myocarde  Bmal1/Rev-erbα p21  tolérance à l’hypoxie



The circadian clock controls several cancer hallmarks

Circadian disruption as a 
new cancer hallmark

adapted from Hannahan et al. 2000, 2011



Circadian disruption and cancer

Innominato et al. 
EBRS 2009

Circadian rhythm

Circadian disruption

N= 67 patients

N= 68 patients

Rich, Innominato et al.
Clin Cancer Res 2005

Patients with metastatic colorectal cancer

192 pts
Single

Institution

130 pts
Multicenter 

Study

Colon Colon Breast

104 pts
Single 

Institution
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Metastatic Metastatic Metastatic Early stage

Mormont et al. Clin Cancer Res 2000; Innominato et al. Cancer 
Res 2009.;  Sephton et al. JNCI 2000; Proust Conference, Torino 
2008

3 year survival rates



Circadian disruption accelerates tumour growth

51Filipski, JNCI , 2000



From chronobiology to chronopharmacology

Ballesta et al, 2017 Pharmacol Rev



Lévi et al, Ann Rev Pharm Toxicol 2010

Tolerability of anticancer drugs in mice



The paradigm shift of anticancer chronochemotherapy

Anticancer chronotherapy:

• Efficacy can be increased by 2 

• Toxicity can be decreased by 2-10 

• Improved therapeutic index

54

Current paradigm : the dose makes the poison (Paracelese)

Chronotherapy paradigm : dosing time makes the poison



Chronotherapy: technological implementation

Time-scheduled delivery regimen

Infusion over 4 d every other week

AF
300 mg/m2/d

Time (local h)
04:0016:00.

5-FU
600 - 1100 mg/m2/dL-OHP

25 mg/m2/d

55

F Lévi



Summary 3

• Many diseases have a circadian component

• Circadian disruption is a risk factor for many pathologies

• Diseases alters the circadian coordination

• Human chronobiology is emerging

• Chronotherapy works but is not much implemented in the 

clinic


