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Summary

We here introduce a Review Series focussing on the important influences

circadian rhythms have on immune responses. The three reviews in this

series, expertly curated by Rachel Edgar, discuss how the cyclic oscilla-

tions in our cellular clock affect the innate and adaptive immune

response, and how interactions with the intestinal microbiota, themselves

subject to daily oscillations, also influence immune responses. As we

understand more about these mechanisms, by which chronobiology con-

tributes to immunology, it is becoming increasingly clear that they have

important functions in maintaining health, influence autoimmunity and

may contribute to the effectiveness of vaccinations.

Time changes everything, not least the immune system.

This is true not only over the life course, but also during

each passing day. The fact that the immune system expe-

riences rhythmic changes that occur over hourly, daily

and longer periods has apparently been recognized for

over a hundred years.1 These rhythmic changes are asso-

ciated with well-co-ordinated metabolic changes that

affect many mammalian anatomical systems, influencing,

for instance, pregnancy,2 immune cell functions,3 growth

and responses to external stimuli. The daily, or circadian,

rhythms are strongly influenced by exposure to a light/-

dark cycle.4 As a society, we are becoming increasingly

concerned that disturbances to these rhythms, induced

for example by night-time exposure to screens or by fluo-

rescent lighting, may have a negative influence on our

health.5,6 Here, we present three reviews, commissioned

by Rachel Edgar, focussing on the mechanisms by which

circadian rhythms affect different aspects of the immune

response. The first two articles address the influence of

the circadian clock on innate immunity7 and on the

adaptive immune response.8 The third addresses the com-

plex interactions between mammalian circadian rhythms

and the rhythms of the commensal intestinal microbiota.9

Together, these reviews provide an important update and

bring together some of the most important research in

this field.

In the first of out reviews,7 the authors describe the

highly conserved molecular features that underpin the

functioning of mammalian circadian clocks. They discuss

how the circadian timing mechanisms in most cells are

synchronized by a central pacemaker in the hypothala-

mus, and how clocks in individual tissues can also be

influenced by local hormonal or metabolic signals.

Importantly, because of the central role played by the

clock in regulating cells’ energy requirements, it modu-

lates energy-dependent pathways as energetic require-

ments fluctuate through the day. These mechanisms

regulate the highly energy-dependent inflammatory

response, for instance, by tuning macrophages10 and neu-

trophils to make optimal responses to pathogenic bacteria

at specific times of day. This tuning of the inflammatory

response is controlled, at least in part, through regulating

the functions of glucocorticoid receptors. The authors

argue therefore that an understanding of circadian

rhythms is important for effective therapeutic modulation

of inflammation.

Our second review focusses on the influences of the

circadian clock on adaptive immune responses.8 Here, the

authors focus on how the intrinsic circadian machinery

expressed in B cells and T cells can be directed by extrin-

sic rhythmic signals. They describe, for instance, how

both human and mouse T cells extravasate from the cir-

culation into tissues at specific times of day. They also

describe how, in humanized mice carrying both human

and murine T cells, the human and mouse cells display

opposite rhythms, consistent with the contrasting noctur-

nal and diurnal habits of mice and humans. The discus-

sion is extended to consider how the clock may influence

B-cell- and T-cell-mediated pathologies and responses to

pathogens, and how it may even affect the optimal timing
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for delivery vaccinations. Here, it appears that vaccination

of mice or humans during their more active phase, in the

morning for most humans, might result in stronger vac-

cine responses. Again, they draw the clear conclusion that

a better understanding of the effects of circadian rhythms

may bring important clinical benefits. Simply put,

immune modulatory treatments given at the optimal time

of day are potentially more effective.

The third review in the series9 examines the intriguing

concept that, while light is the most important inducer of

circadian rhythms, the intestinal microbiota may also

contribute important influences. It is clear, for instance,

that circadian oscillations occur in the interdependent

intestinal microbial communities and that these have

direct impacts on host metabolism and on the host

immune system. It is also clear that there are two-way

interactions between oscillations in microbial composition

and the circadian rhythms of the host, with each influ-

encing the other. In this review, the authors examine the

potential mechanisms connecting these host and micro-

bial interactions and suggest how they may be exploited

therapeutically.

Together, these reviews examine how the fundamental

cell biological mechanisms that have evolved to optimize

energy expenditure through the day have been co-opted

by the innate and adaptive immune systems to maximize

our ability to provide protection from pathogens. The

mechanisms controlling these circadian immune

responses include bidirectional interactions with the

intestinal microbiota and influence almost all aspects of

protective and pathogenic immunity. As immunologists,

we ignore the importance of circadian rhythms at our

peril!

ACKNOWLEDGEMENT

The author would like to thank Rachel Edgar, Imperial

College London, for her work as series editor for ‘Circa-

dian rhythms for immunologists’.

REFERENCES

1 Japha A. Die Leukozyten beim gesunden und kranken S€augling. Jahrbuch Kinderheilk.

1900;52:242–70.

2 Man GCW, Zhang T, Chen X, Wang J, Wu F, Liu Y, et al. The regulations and role of

circadian clock and melatonin in uterine receptivity and pregnancy-An immunological

perspective. Am J Reprod Immunol. 2017;78:e12715.

3 Baumann A, G€onnenwein S, Bischoff SC, Sherman H, Chapnik N, Froy O, et al. The cir-

cadian clock is functional in eosinophils and mast cells. Immunology. 2013;140:465–74.

4 Haus E, Lakatua DJ, Swoyer J, Sackett-Lundeen L. Chronobiology in hematology and

immunology. Am J Anat. 1983;168:467–517.

5 Fabbian F, Zucchi B, De Giorgi A, Tiseo R, Boari B, Salmi R, et al. Chronotype, gender

and general health. Chronobiol Int. 2016;33:863–82.

6 Laugsand LE, Vatten LJ, Platou C, Janszky I. Insomnia and the risk of acute myocardial

infarction: a population study. Circulation. 2011;124:2073–81.

7 Baxter M, Ray DW. Circadian rhythms in innate immunity and stress responses.

Immunology. 2020;161:261–67.

8 Downton P, Early JO, Gibbs JE. Circadian rhythms in adaptive immunity. Immunology.

2020;161:268–77.

9 Pearson JA, Wong FS, Wen L. Crosstalk between circadian rhythms and the micro-

biota. Immunology. 2020;161:278–90.

10 Oliva-Ram�ırez J, Moreno-Altamirano MMB, Pineda-Olvera B, Cauich-S�anchez P,

S�anchez-Garc�ıa FJ. Crosstalk between circadian rhythmicity, mitochondrial dynamics

and macrophage bactericidal activity. Immunology. 2014;143:490–7.

ª 2020 John Wiley & Sons Ltd, Immunology, 161, 259–260260

REVIEW SERIES: CIRCADIAN RHYTHMS FOR IMMUNOLOGISTS


