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Editorial on the Research Topic
Circadian Desynchrony: Consequences, Mechanisms, and Open Issues

Introduction
Studying circadian desynchrony

Most biological processes show sustained circadian rhythms generated by
endogenous clocks oscillating with —24-h periods. In mammals, these endogenous
rhythms are generated by a molecular timekeeping system, a transcriptional-
translational ~feedback loop (Panda, 2016). In single-cell cyanobacteria,
phosphorylation cycles generate endogenous 24-h rhythms (Nakajima et al., 2005).
The circadian clock(s) detects and entrains to environmental cues called zeitgebers.
Proper entrainment of endogenous rhythms to environmental cycles allows organisms
to anticipate predictable changes in their environment and is associated with longevity,
reproductive success, and fitness (Penev et al., 1998; Arble et al., 2010; Wyse et al., 2010;
Gutman et al,, 2011; Libert et al., 2012; Wyse, 2012; Steckler et al., 2016; Zhou et al,,
2016).

There are many ways that circadian timing systems can be disrupted. Circadian
desynchrony can be imposed in the laboratory by altering molecular timekeeping
mechanisms or zeitgebers. Irregular changes in the environmental zeitgebers caused
by human activities (e.g., light pollution, global warming, shift work, and mistimed
eating) also impact circadian synchrony. The articles in this Research Topic address the
consequences of these various models of circadian desynchrony.
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Impact of changes in environmental
zeitgebers on physiology and behavior

The light-dark cycle is the most salient zeitgeber for many
organisms. While circadian timing systems evolved in an
environment with darkness at night, modern technology has
altered the light-dark cycle such that exposure to artificial light at
night is commonplace. Indoor lighting and using electronic devices
at night affect the entrainment of the circadian system in humans
(Wright et al.,, 2013; Chang et al., 2015). Moreover, chronic exposure
to artificial light at night impacts metabolism and reproduction
(Dominoni et al., 2016).

In this Research Topic, Rumanova et al. showed that nocturnal
rats exposed for only 2 weeks to dim artificial light at night had
increased cholesterol and disrupted daily rhythms of plasma
metabolites. Bilu et al. reviewed studies similarly showing that
artificial light at night and changes in photoperiod in a diurnal
rodent, the fat sand rat (Psammomys obesus), exacerbated type
2 diabetes, obesity, adipocyte dysfunction, cataracts, depression,
and anxiety. The authors also advocate using the diurnal fat sand
rat to study the effects of modern lifestyles on health since, unlike
most animal models, they have behavioral phenotypes that are more
similar to humans than nocturnal rodents. Notably, increasing the
salience of zeitgebers through interventions such as morning bright
light exposure or access to running wheels also improved or
prevented the development of health Research Topic. As such,
Bilu et al. suggest implementing these interventions in clinical
trials to determine if similar interventions could also positively
impact human health.

Environmental zeitgebers are also altered in hospital settings.
Hollis et al. examined whether patients in intensive care had
impaired molecular circadian rhythms. Using RNA-seq datasets
from the Genotype-Tissue Expression (GTEx) project, the authors
found that hundreds of genes from multiple tissues were
differentially expressed between patients in intensive care and
those who died acutely. Interestingly, clock output genes, but not
core clock genes, were overrepresented among these dysregulated
genes in patients in intensive care, suggesting that the clock output
mechanisms were affected. Notably, the gene expression profile of
patients in intensive care was similar to previous clinical studies of
sleep deprivation and fasting. Hollis et al. suggested that intensive
care protocols that restore sleep/wake and nutritional rhythms may
be of benefit.

The contribution of maintaining regular cycles of sleeping and
eating has been demonstrated in dozens of studies, but adhering to
regular schedules is challenging due to social and work obligations.
The discrepancy between endogenous circadian timing and social
and work obligations is called social jetlag (Wittmann et al., 2006).
Social jetlag is associated with metabolic dysfunction and psychiatric
disorders (Caliandro et al., 2021). Therefore, there is a need to
identify ways to counteract social jet lag apart from maintaining
regular eating and sleeping schedules. In this Research Topic, Oneda
et al. found that wheel running exercise in mice improved
resynchronization of body clocks in conditions that mimicked
social jet lag. As with exposure to dim light at night, exercise
could be an approach to improve social jet lag in humans Oneda
et al.
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Impact of altering the function of molecular
circadian clocks on behavior and adaptive
fitness

The role of the molecular circadian clock in regulating fitness
and behavior can be investigated in organisms with mutated
circadian clock components. In this Research Topic, Zhao et al.
studied a strain of cyanobacteria, Synechocystis, that has been a
popular model for studies of photosynthesis and as a microbial
fuel source, but whose circadian clock has not been well-studied.
The authors developed a new luminescence reporter for
Synechocystis, which allowed them to study the molecular
timekeeping mechanisms of this cyanobacteria. They found
that kai cluster mutants (kaiABI1Cl-ko) that had severely
disrupted rhythms were outcompeted by wild-type strains in
mixed cultures.

A large body of evidence indicates that the hypothalamic
suprachiasmatic nucleus (SCN) generates mammalian circadian
rhythms in mice (Moore and Eichler, 1972; Stephan and Zucker,
1972). Neurons in different subdivisions of the SCN synthesize
arginine vasopressin (AVP) and vasoactive intestinal polypeptide
(VIP). A classical hypothesis is that the mammalian circadian
system is composed of two mutually coupled oscillators, and
these neuropeptides are molecular markers of these oscillators in
the SCN. Peng et al. developed Vip™ knock-in mice that express
tetracycline transactivator (tTA) specifically in VIP neurons. This
genetically engineered mouse provides an effective tool for
validating a multi-oscillator circadian system that allows optimal
entrainment, which is essential for environmental adaptation Peng
et al.

In summary, the impacts of circadian desynchrony on health
and fitness are vast. This is an important area of study as it may
elucidate interventions for human health and for minimizing the
impact of human activities on animals in the wild.

Author contributions

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Funding

RG was supported by the German-Israel Foundation for
Scientific Research and Development, agreement No. I-2337-
203.13/2014, and the Israel Science Foundation, agreement No.
2442/21. JSP was supported by NIH R01DK124774 and National
Science Foundation CAREER Award 10S-2045267. SK is supported
by NIH R01GM126223.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphys.2022.973461/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.963449/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.963449/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.942704/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.942704/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.821199/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.821199/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.821199/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.821199/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.1085959/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.895633/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.895633/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.895633/full
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1177643

Gutman et al.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

Arble, D. M., Ramsey, K. M, Bass, J., and Turek, F. W. (2010). Circadian disruption
and metabolic disease: Findings from animal models. Best. Pract. Res. Clin. Endocrinol.
Metab. 24, 785-800. doi:10.1016/j.beem.2010.08.003

Caliandro, R,, Streng, A. A., van Kerkhof, L. W. M., van der Horst, G. T. J., and
Chaves, 1. (2021). Social jetlag and related risks for human health: A timely review.
Nutrients 13, 4543. d0i:10.3390/nu13124543

Chang, A. M., Aeschbach, D., Duffy, J. F., and Czeisler, C. A. (2015). Evening use
of light-emitting eReaders negatively affects sleep, circadian timing, and next-
morning alertness. Proc. Natl. Acad. Sci. U. S. A. 112, 1232-1237. doi:10.1073/pnas.
1418490112

Dominoni, D. M., Borniger, J. C., and Nelson, R. J. (2016). Light at night, clocks and
health: From humans to wild organisms. Biol. Lett. 12, 20160015. doi:10.1098/rsbl.2016.
0015

Gutman, R., Genzer, Y., Chapnik, N., Miskin, R., and Froy, O. (2011). Long-lived mice
exhibit 24h locomotor circadian rhythms at young and old age. Exp. Gerontol. 46,
606-609. doi:10.1016/j.exger.2011.02.015

Libert, S., Bonkowski, M. S., Pointer, K., Pletcher, S. D., and Guarente, L. (2012).

Deviation of innate circadian period from 24h reduces longevity in mice. Aging Cell 11,
794-800. doi:10.1111/§.1474-9726.2012.00846.x

Moore, R. Y., and Eichler, V. B. (1972). Loss of a circadian adrenal corticosterone
rhythm following suprachiasmatic lesions in the rat. Brain Res. 42, 201-206. doi:10.
1016/0006-8993(72)90054-6

Nakajima, M., Imai, K., Ito, H., Nishiwaki, T., Murayama, Y., Iwasaki, H., et al. (2005).
Reconstitution of circadian oscillation of cyanobacterial KaiC phosphorylation in vitro.
Sci. (80) 308, 414-415. doi:10.1126/science.1108451

Panda, S. (2016). Circadian physiology of metabolism. Sci. (80) 354, 1008-1015.
doi:10.1126/science.aah4967

Frontiers in Physiology

03

10.3389/fphys.2023.1177643

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Penev, P. D., Kolker, D. E., Zee, P. C,, and Turek, F. W. (1998). Chronic circadian
desynchronization decreases the survival of animals with cardiomyopathic heart
disease. Am. J. Physiol. 275, H2334-H2337. doi:10.1152/ajpheart.1998.275.6.H2334

Steckler, R., Shabtay-Yanai, A., Pinsky, M., Rauch, M., Tamir, S., and Gutman, R.
(2016). Long-lived aMUPA mice show reduced sexual dimorphism in lifespan, and in
energy and circadian homeostasis-related parameters. Journals Gerontol. - Ser. A Biol.
Sci. Med. Sci. 71, 451-460. doi:10.1093/gerona/glv019

Stephan, F. K., and Zucker, 1. (1972). Circadian rhythms in drinking behavior and
locomotor activity of rats are eliminated by hypothalamic lesions. Proc. Natl. Acad. Sci.
U. S. A. 69, 1583-1586. doi:10.1073/pnas.69.6.1583

Wittmann, M., Dinich, J., Merrow, M., and Roenneberg, T. (2006). Social jetlag:
Misalignment of biological and social time. Chronobiology Int. 23, 497-509. doi:10.
1080/07420520500545979

Wright, K. P., McHill, A. W., Birks, B. R,, Griffin, B. R., Rusterholz, T., and Chinoy, E.
D. (2013). Entrainment of the human circadian clock to the natural light-dark cycle.
Curr. Biol. 23, 1554-1558. doi:10.1016/j.cub.2013.06.039

Wyse, C. A., Coogan, A. N., Selman, C., Hazlerigg, D. G., and Speakman, J. R. (2010).
Association between mammalian lifespan and circadian free-running period: The
circadian resonance hypothesis revisited. Biol. Lett. 6, 696-698. doi:10.1098/rsbl.
2010.0152

Wyse, C. A. (2012). Does human evolution in different latitudes influence
susceptibility to obesity via the circadian pacemaker?: Migration and survival of the
fittest in the modern age of lifestyle-induced circadian desynchrony. BioEssays 34,
921-924. doi:10.1002/bies.201200067

Zhou, L., Summa, K. C., Olker, C., Vitaterna, M. H., and Turek, F. W. (2016). Altered
body weight regulation in CK1le null and tau mutant mice on regular chow and high fat
diets. Genet. Res. Int. 2016, 4973242. doi:10.1155/2016/4973242

frontiersin.org


https://doi.org/10.1016/j.beem.2010.08.003
https://doi.org/10.3390/nu13124543
https://doi.org/10.1073/pnas.1418490112
https://doi.org/10.1073/pnas.1418490112
https://doi.org/10.1098/rsbl.2016.0015
https://doi.org/10.1098/rsbl.2016.0015
https://doi.org/10.1016/j.exger.2011.02.015
https://doi.org/10.1111/j.1474-9726.2012.00846.x
https://doi.org/10.1016/0006-8993(72)90054-6
https://doi.org/10.1016/0006-8993(72)90054-6
https://doi.org/10.1126/science.1108451
https://doi.org/10.1126/science.aah4967
https://doi.org/10.1152/ajpheart.1998.275.6.H2334
https://doi.org/10.1093/gerona/glv019
https://doi.org/10.1073/pnas.69.6.1583
https://doi.org/10.1080/07420520500545979
https://doi.org/10.1080/07420520500545979
https://doi.org/10.1016/j.cub.2013.06.039
https://doi.org/10.1098/rsbl.2010.0152
https://doi.org/10.1098/rsbl.2010.0152
https://doi.org/10.1002/bies.201200067
https://doi.org/10.1155/2016/4973242
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2023.1177643

	Editorial: Circadian desynchrony: Consequences, mechanisms, and Open Issues
	Introduction
	Studying circadian desynchrony
	Impact of changes in environmental zeitgebers on physiology and behavior
	Impact of altering the function of molecular circadian clocks on behavior and adaptive fitness

	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


