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A brief history of circadian biomarkers
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Saliva DLMO is 
good for 

determining 
circadian phase 

Clock gene phase in 
hair follicle cells 

accurately reflects 
behavioral rhythms

Circadian
medicine

The first test 
using human 
blood samples
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Plasma DLMO 
as a marker 
for circadian 

phase

The pioneer 
study of inferring 
circadian phase 

using 
transcription 

profile

Validate the 
application of 

blood 
metabolites in 

predicting 
circadian phase 

in mouse

The human 
whole blood 
transcriptome

# 6 subjects
# age at 20-23
# TimeTable
# 58 metabolite peaks
# two samples
# ~3h

# 53 subjects
# majority young (<=32)
# PLSR
# 80 genes
# one sample
# ~2h

The human 
whole blood 
transcriptome

A new method 
works cross-
platforms

# 60 subjects
# majority young (<=38)
# ZeitZeiger
# 15 genes
# one sample
# ~2h

The human blood 
monocytes 
transcriptome 
# 40 subjects
# age at 18-41
# ZeitZeiger
# 12 genes
# one sample
# ~2h

# 73 subjects
# majority young (<=38)
# TimeSignature
# 41 genes
# two sample
# ~2h

Skin circadian 
biomarkers at 
population scale
# 239 subjects
# age at 20-74
# ZeitZeiger
# 29 genes
# one sample
# ~3h



Skin has robust circadian clocks

PLoS Biol. 2005, 3(10):e338.

Epidermal 
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Dermal 
fibroblast



A hybrid experimental design

6 am 12 pm 6 pm 12 am

S1

S20

LCM separate 
epidermis and 
dermis

Epidermis
Dermis

Punch
biopsy

Subject index

Longitudinal Population based

533 epidermis samples across body sites 
profiled with Affymetrix array

531 dermis samples across body sites 
profiled with Affymetrix array





Strong clock signals in human skin at the 
population level



Epidermis has a stronger clock than dermis 
across body sites



The clock is weaker in the immune system



Or is it? 

Wittenbrink et a., JCI, 2018Caveats: 11 young subjects in a constant routine protocol



6 am 12 pm 6 pm 12 am

Longitudinal (11 subjects)

6 am 12 pm 6 pm 12 am

Longitudinal (9 subjects)

Population (all)

Tr
ai

ni
ng

Te
st

in
g Testing 36 

epidermis 
samples

Training 
ZeitZeiger 
using 481 
epidermis 
samples

Lookup table 
between 

gene 
expression 
and sample 

phase

Circadian 
marker 
genes

Expression 
values of 
circadian 
marker 

genes in 
each sample 

Predict 
circadian 
phase for 

each 
sample



Good prediction with just 12 genes

Epidermis (mean error: 2.5h)



Temporal sample order recovered from test subjects



Future clinical application of circadian biomarkers

Making medicine more precise. 

Circadian rhythm 
sleep disorder

Jet lag
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