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Circadian rhythms
evolved as a 

protection against
UV light

Nearly all of
biology has 

circadian rhythms

Biological rhythms
are functionaly

important

Dysfunctional
rhythms are
implicated in 

several diseases



The Circadian Clock Anticipates and Adapts our 

Physiology to the Different Phases of the Day

Our biological clock helps to regulate sleep patterns, feeding behavior, hormone 

release, blood pressure, and body temperature.





The core-clock machinery

AM PM

• Peripheral clocks are regulated by the central clock, but 
can also be affected by other cues.

• The number of clock-controlled genes is extensive.



Circadian clocks exhibit tissue-specific rhythmicity, orchestrated by the 

central circadian clock in the suprachiasmatic nucleus. 

Synchronization takes place via neural, hormonal and behavioral cues.

AM PM
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Preventing skeletal muscle degradation in disease



Muscle tissue is a dynamic network

• Metabolic systems are part of dynamic networks, which are often highly plastic.

Gabriel & Zierath, 
Cell metab. 2017



The intrinsic clock machinery in skeletal muscle

Gabriel & 

Zierath, 2019 

Nat. Rev. Endo



Gabriel & 

Zierath, 2019 

Nat. Rev. Endo

The molecular clock coalesces with physiology



Memory of Diabetic Phenotype in Primary Human 

Muscle Cell Cultures
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Cultured muscle cells maintain the “insulin resistant phenotype” of the 
donor, even after several passages



Human primary myotubes Mouse C2C12 myotubes

Skeletal Muscle Cells Display Circadian 
Rhythm in Culture

Circadian rhythm synchronisation with 50% horse serum for 2 hr

-2h 0h 12h 18h 24h 30h 36h 42h 48h 54h

Romain Barrès



2h serum 

shock

50%FBS

Growth Differentiation Synchronization Treatment Extraction Analysis

RNA-seq

Mito-Function
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Skeletal muscle cell circadian rhythm
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van Dijk JW et al. Diabetes Res Clin Pract 93: 31-37, 2011. 

Postprandial Hyperglycemia Is Highly Prevalent 
Throughout The Day in Patients With T2DM
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Study design

2w 2w 2w
6 x 8 am
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6 x 4 pm
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- CGM

- Blood sampling

- HIIT

- Biopsy (muscle / SAT)

▪ Morning vs Afternoon high-

intensity interval training (HIT)

▪ Continuous glucose monitor 

(CGM) based blood glucose 

levels

▪ Type 2 diabetes (T2D)

▪ “Free-living” setting
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▪ Afternoon HIT ↘ blood 

glucose 

▪ Morning HIT ↗ blood 

glucose

▪ Mechanism – requires 

further investigation

Summary
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