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Clock circuits regulate daily sleep-wake cycles 

Ben Collins, Sara Pierre and Steven Brown 

 

Institute of Pharmacology and Toxicology, University of Zürich 

 

Daily rhythms in behaviour and physiology are controlled by internal circadian clocks. These allow 

organisms to anticipate daily environmental changes and prepare accordingly. In mice, 20,000 neurons 

within the suprachiasmatic nucleus (SCN) regulate daily sleep-wake cycles. Under light:dark cycles mice 

are nocturnal, and sleep during the day when the SCN is most electrically active. Thus signals from the 

SCN could contribute to daily sleep-wake cycles by promoting daytime sleep. However, at night mice 

display two peaks of running activity that anticipate dawn and dusk, separated by a siesta. As anticipation 

of environmental changes depends on an endogenous clock, this suggests SCN activity also shapes 

behaviour at night. We therefore sought to identify night-active SCN neurons.   

 

We first characterized the firing patterns of SCN neurons and found that in agreement with previous 

reports, most SCN neurons are active during the day, when mice sleep. However, ~10% of SCN neurons 

are active at night, coincident with the timing of the siesta. This fits with a model where SCN signals 

promote inactivity/sleep. We used targeted manipulations of neuronal activity within the SCN to 

demonstrate that SCN activity inhibits nighttime locomotor activity, and identified a population of SCN 

neurons that regulates both the presence and timing of the daily siesta. These experiments are the first step 

in understanding the contribution of the circadian clock to the sleep-wake cycle at the neuronal level.  
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Astrocytic-neuronal interplay controls circadian pacemaking in mammals 
 

Marco Brancaccio1*, Andrew P. Patton1, Johanna E Chesham1, Elizabeth S. Maywood1, Michael H. 

Hastings1 

 

1 Division of Neurobiology, MRC Laboratory of Molecular Biology, Cambridge, CB2 0QH 

 

 

The SCN is the principal circadian pacemaker, synchronising circadian clocks throughout the body to the 

light/dark cycle. The specification of robust ~24h cycles in the SCN stems from the intracellular 

clockwork and intercellular connectivity. Although the role of interneuronal connectivity in the SCN is 

well known, the role of astrocytic-neuronal interactions is still obscure. Therefore, we stereotaxically 

injected AAV vectors in adult mice to genetically reprogram the intracellular clocks of SCN neurons or 

astrocytes  (lengthening cell-specific period from 20 to 24h) and monitored the effects of these 

manipulations on circadian rhythms of locomotor activity. As anticipated, lengthening the period of SCN 

neuronal clocks also lengthened the period of activity rhythms. Strikingly, however, lengthening the 

period of SCN astrocytic clocks exerted the same effect. This showed that SCN astrocytes not only 

possess pacemaking properties, but also that they propagate circadian information to the periphery, via 

unknown mechanisms. To reveal such mechanisms we simultaneously monitored and selectively 

manipulated astrocytic and neuronal populations within SCN organotypic slices, by using long-term 

imaging of cellular and circuit functions. We revealed a circadian oscillation of intracellular calcium 

([Ca2+] i) in astrocytes which was anti-phasic to daily neuronal [Ca2+] i. patterns. SCN astrocytes are 

therefore active during circadian night and we hypothesised that they could inhibit neuronal activity at 

this time. Thus, we examined extracellular glutamate ([Glu]e), as a putative gliotransmitter released by 

SCN astrocytes. [Glu]e showed circadian oscillations, synchronous with astrocytic [Ca2+] i. Moreover, 

astrocytically released [Glu]e inhibits the SCN neuronal circuit at night by pre-synaptically promoting 
GABA release, via specific assemblies of the NMDA receptors expressed in the dorsal SCN. Therefore, 

astrocytes rhythmically repress neuronal activation at night and the daily lifting of this inhibition is 

required for SCN circadian pacemaking. Our data demonstrate that circadian pacemaking relies on the 

temporal astrocytic-neuronal interplay in the SCN. 
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Diurnal preference, mood and the response to morning light in relation to polymorphisms 

in the human clock gene PER3 
 

Turco M,1 Biscontin A,2 Corrias M, 1,3 Caccin L,2 Bano M,1 Chiaromanni F,1 Salamanca M,1 Mattei D,1 

Salvoro C,2 Mazzotta G,2 De Pittà C,2 Middleton B,3 Skene DJ,3 Montagnese S,1* Costa R 3* 

 
1Department of Medicine, University of Padova, Padova, Italy; 2Department of Biology, University of Padova, 

Padova, Italy; 3Chronobiology, Faculty of Health and Medical Sciences, University of Surrey, Guildford, UK 

 

 

Background & Aims. PER3 gene polymorphisms have been associated with differences in human sleep-

wake phenotypes, and sensitivity to light. The aims of this study were to assess: i) the frequency of allelic 

variants at two PER3 polymorphic sites (rs57875989 length polymorphism: PER34, PER35; rs228697 

SNP: PER3C, PER3G) in relation to sleep-wake timing; ii) the effect of morning light on 

behavioural/circadian variables in PER34/PER34 and PER35/PER35 homozygotes.  

Methods. 786 Caucasian subjects living in Northern Italy were asked to donate buccal DNA and to 

complete diurnal preference, sleep quality/timing and sleepiness/mood questionnaires. 19 PER34/PER34 

and 11 PER35/PER35 homozygotes underwent morning light administration (10000 lux, 45 min, 8 days), 

whilst monitoring sleep-wake patterns and the urinary melatonin metabolite 6-sulphatoxymelatonin 

(aMT6s) rhythm.  

Results. No significant relationship was observed between the length polymorphism and diurnal 

preference. By contrast, a significant association was observed between the PER3G variant and 

morningness (OR=2.10), and between the PER3G ïPER34 haplotype and morningness (OR=2.19), for 

which a mechanistic hypothesis is suggested. No significant differences were observed in sleep 

timing/aMT6s rhythms between PER35/PER35 and PER34/PER34 subjects at baseline. After light 

administration, PER34/PER34 subjects advanced their aMT6s acrophase (p<0.05), and showed a trend of 

advanced sleep-wake timing.  

Conclusions. Significant associations were observed between PER3 polymorphic variants/their 

combinations and both diurnal preference and the response to light. 
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The effect of chronic exercise on sleep architecture and the electroencephalogram in young 

and aged mice 
 

Maria Panagiotou, Johanna H Meijer, Tom Deboer 

 
Laboratory for Neurophysiology, Department of Molecular Cell Biology, Leiden University Medical Centre, Leiden, 

the Netherlands 

 

 

Physical activity is thought to be beneficial for health. Studies in young humans have shown that sleep 

quality can be improved with regular exercise, whereas the impact of exercise on sleep in elderly humans 

is still under investigation. We recently showed that aged mice have increased absolute slow-wave 

activity (SWA, electroencephalogram power density between 0.75-4.0 Hz) compared to young controls, 

suggesting changes in brain connectivity in the course of aging. To investigate whether exercise can 

reduce this aging effect, mice were divided in three age groups and were either provided with a running 

wheel for 1-3 months (6 months old, n=9; 18 months old, n=9; 24 months old, n=8) or were used as 

controls (6 months old, n=11; 18 months old, n=8; 24 months old, n=6). One week before the sleep 

recordings, the wheel was removed. We recorded continuously the electroencephalogram (EEG) and 

electromyogram, without the running wheel, during undisturbed 24h baseline (BL) and conducted a sleep-

deprivation during the first 6h of the second day. Increased waking and decreased NREM sleep was found 

during the first 6-h of the BL dark period in young mice exposed to the running wheel compared to 

controls, whereas decreased REM sleep was found at the end of the BL dark in the 18 months old and at 

the beginning of the light period in the 24 months old, compared to their age-matched controls (t-tests, 

p<0.05 after significant ANOVAs). Notably, SWA was increased with aging and attenuated with 

exercise, exhibiting the lowest levels in the young mice exposed to the running wheel. The data show a 

more moderate effect of exercise on sleep architecture in aged mice provided with a wheel. Nevertheless, 

SWA was markedly reduced when a wheel was available in aged mice, suggesting that exercise can alter 

brain connectivity towards a younger state.  
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Internal desynchrony does not result in adverse metabolic consequences in mice 
 

Vincent van der Vinne* (1), Steven J. Swoap (2), David R. Weaver (1) 

 
(1) Department of Neurobiology, University of Massachusetts Medical School, Worcester, MA, USA;  

(2) Department of Biology, Williams College, Williamstown, MA, USA 

* presenting author 

 

 

Circadian disruption as a result of shiftwork or repeated jetlag is associated with adverse metabolic 

consequences, although the underlying mechanisms are unknown. Internal desynchrony between the 

phase of the SCN and peripheral oscillators is widely believed to be the main factor underlying these 

adverse consequences of shiftwork but this hypothesis has never been tested directly. Here, we used a 

GABA-cell specific Cre-driver in combination with conditional casein kinase alleles to lengthen the 

endogenous circadian period of the SCN but not the periphery (Vgat-Cre+; CK1ŭfl/fl; CK1Ůfl/+) to create a 

discordant mouse model. These mice had a long (27.5h) behavioral period to which peripheral clocks 

entrained in vivo, albeit with an advanced phase (5-6h). Thus, in the absence of environmental timing 

cues (constant darkness), these mice had internal desynchrony between the SCN and peripheral 

oscillators. Surprisingly, internal desynchrony did not result in obesity. Instead, discordant mice had 

reduced body mass compared to that of Cre-negative littermate controls on regular chow and even when 

both genotypes were challenged by a high-fat diet. Similarly, internal desynchrony failed to induce 

glucose intolerance. In a subsequent experiment, discordant and Cre-negative control mice were both 

entrained to a 25.5h LD-cycle (2h light, 23.5h darkness), resulting in a similar state of limited internal 

desynchrony in both genotypes. Under these conditions, discordant mice maintained their lower body 

mass, suggesting a pleiotropic effect rather than internal desynchrony as the cause of the lowered body 

mass. Overall, our results contradict the hypothesis that internal desynchrony leads to obesity and suggest 

that a different theoretical framework may be required to explain the adverse consequences of shiftwork.  
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The circadian biology of asthma 
 

Durrington HJ, Singh D, Loudon A, Ray D 

 
Division of Infection, Immunity and Respiratory Medicine, School of Biological Sciences, Faculty of Biology, 

Medicine and Health, University of Manchester, Manchester, M13 9PT, UK 

 

Background: Asthma is a chronic inflammatory disease of the airways. It is common (1:12 adults in UK) 

and the prevalence is increasing. There is marked time of day variation in both symptoms and lung 

physiological parameters. Emergence of night-time symptoms in asthma often leads to an escalation in 

treatment. Furthermore, drug companies trialling new inhaled corticosteroids (ICS) use a reduction in the 

morning ódipô in lung physiology as a primary outcome measure. The pathogenesis of the circadian 

variation in asthma is unknown. Furthermore, increasing evidence suggests that ICS may be more 

effective in the afternoon (3pm), rather than traditional morning or evening dosing. Understanding of the 

circadian biology of asthma is crucial for improved therapeutics.  

Aim : To investigate the circadian biology of asthma.   

Å Define new biochemical pathways involved in the circadian variation in asthma 

Å Determine a circadian biomarker in asthma 

Method: We recruited 10 atopic, moderately severe asthmatics and 10 healthy volunteers to complete 4 

study visits, including an overnight stay. Blood, induced sputum and breath were sampled at intervals 

throughout the day and night, and physiological measurements made.  

REC reference: 14/NW/1352. 

Results: There is a high amplitude circadian change in FEV1 in asthmatics compared to healthy controls. 

The nadir is at 4am (figure 1). There was also an increase in sputum eosinophils (a key effector cell in 

asthma) at 4am compared to 4pm in asthmatics.  

 

          Figure 1               

    

Discussion: We have demonstrated a significant diurnal effect on asthma lung physiology. Further 

downstream analysis of serum, breath and sputum is underway. 
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Phase delay by bright blue light in patients with bipolar disorder in comparison to healthy 

control subjects 
 

Philipp Ritter, Stefanie, Neumann, Bettina Soltmann, Falk Wieland 

 
University Hospital Carl Gustav Carus, Technische Universität Dresden, Dept. Psychiatry and Psychotherapy, 

Dresden, Germany 

 

 

Introduction:  

Bipolar disorder is associated with insomnia and symptoms frequently follow a circadian and seasonal 

course. Age of onset differs according to the amount of regional solar insolation and is further modulated 

by genetic variants of the Per3 gene.   

So far there have been no studies evaluating the propensity to phase shift in patients with bipolar disorder. 

 

Objectives. 

The study which was carried out during winter 2016/17 aimed to investigate the phase shift as assessed by 

serial melatonin sampling induced by two hours of bright blue light in people with bipolar disorder 

(n=41) in comparison to healthy participants (n=58). 

 

Methods. 

Participants were studied on three consecutive nights, the first and third night in complete darkness for 

serial melatonin sampling. During the second night the intervention consisted of a two hour light 

exposure between 21.00-2300 oôclock via a half sphere (diameter 50 cm).  

Phase shift was measured by comparing melatonin rise pre- and post-intervention. In addition, EEG data 

was continuously recorded with electrodes C3, O1, F3, A2, Cz and GND. Instead of pharmacological 

pupil dilation, pupilometry was used to determine the appropriate light intensity. A self-developed control 

scheme adjusted brightness during light administration in the sphere depending on pupil size (maximum 

1200lux blue corresponding to 2,4*10^15 photons per s and cm² with 1,6mm pupil, minimum 120 lux 

blue with 5mm pupil diameter). Median pupillary size on all participants was 1,9mm.  

LEDs with peak wave-length of 475 nm were used, full width at half maximum was 18 nm.  

Pupillometry data was sampled with 30 Hz and stored for evaluation. EEG Data was collected in the 

second night as well as the Karolinska Sleepiness Scale every half hour on all nights.  

 

Results.  

Since data evaluation is ongoing, the results will be presented at the congress.  

 

Funding/Disclosures. BMBF (Bundesministerium für Bildung und Forschung, Germany) 
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Circadian regulation of the adaptive immune response 
 

Louise Ince1, David Druzd1, Wenyan He1, Chien-Sin Chen1, Ute Harrison2, Ling Yao3, Naoto 

Kawakami4, Leif Erik Sander3, Rainer Haas2, Christoph Scheiermann1 

 

1 Ludwig-Maximilians-Universität Munich, Walter Brendel Zentrum, Munich, Germany; 2 Ludwig-Maximilians-

Universität Munich, Max von Pettenkofer Institute for Hygiene and Medical Microbiology, Munich, Germany; 
3Charité University Hospital Berlin, Department of Infectious Diseases and Pulmonary Medicine, Berlin, Germany; 
4 Ludwig-Maximilians-Universität Munich, Institute of Clinical Neuroimmunology, Munich, Germany 

 

 

It is now well-established that cells of both the innate and adaptive immune system possess molecular 

oscillators that rhythmically regulate key processes. Whilst the majority of work has focussed on the first 

responders of the innate system, here we present data to show that the circadian clock also regulates 

adaptive immune responses occurring days to weeks after the initial immune challenge. Under steady 

state conditions, T and B cells are rhythmically recruited to the lymph node from blood in a well-defined 

process dependent upon the chemokine receptor CCR7 and its ligands CCL21 and CCL19. Peak cell 

numbers in the lymph node occur at the onset of night, in antiphase to cell counts in blood. Not only was 

homing to the lymph node rhythmic, but a diurnal pattern in egress was also found, leading to oscillations 

in the dwell times of cells recruited to the lymph node during the day vs. night. Utilising cell-specific 

Bmal1-/- animals (with CD4- or CD19-driven Cre expression to target T and B cells respectively), we also 

show that the rhythmicity in homing and egress are driven by the immune cell-intrinsic oscillators. The 

co-ordinated oscillation of T and B cells, as well as fluctuations in antigen-presenting cell numbers, were 

associated with a difference in magnitude of adaptive immune responses to both H. pylori and influenza A 

up to three weeks after initial infection. 
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Wavelength-dependent post-illumination effects on human physiology and behavior 
 

Wisse P. van der Meijden and Eus J.W. Van Someren 

 
Netherlands Institute for Neuroscience, Department Sleep & Cognition, Amsterdam, the Netherlands 

 

 

Environmental light exerts potent effects on human physiology and behavior that can last long beyond 

discontinuation of the exposure. These non-image forming effects of light are mediated by intrinsically 

photosensitive retinal ganglion cells (ipRGCs) expressing melanopsin. This photopigment is 

predominantly sensitive to short-wavelength (blue) light and enables ipRGCs to encode environmental 

light levels themselves. The ipRGCs integrate this intrinsic photoresponse with the input from the rod and 

cone phototransduction pathways and then signal to downstream brain areas including structures involved 

in the pupillary light reflex, vigilance, and sleep. We developed a novel paradigm to assess the 

functionality of an individualôs melanopsin-signaling phototransduction circuitry from the characteristic 

post-illumination pupil response (PIPR) after blue light. We applied this PIPR paradigm in healthy 

adolescents and young adults, an age range with known vulnerability to a delayed sleep phase, and 

showed that stronger blue-light responsiveness was associated with later sleep timing. Intriguingly, 

increasing evidence suggests that post-illumination modulations may not only occur after discontinuation 

of blue light, but also following exposure to light with longer wavelengths. For instance, previous patch 

clamp studies on mouse retinas showed prompt silencing of intrinsic firing of ipRGCs after cessation of 

long-wavelength light exposure, which led us to hypothesize downstream functional consequences. In a 

series of experiments in healthy adult volunteers assessed during darkness, we found sustained pupil 

dilation, slower response speed in a vigilance task in spite of increased effort, and increased sleep 

propensity if preceded by intense long-wavelength (red) light. The consistency of multiple downstream 

effects are compatible with post-red suppression of intrinsic ipRGC firing during darkness. 
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Sunlight increases sleep pressure build-up 
 

Emma J. Wams1, Tom Woelders1, Irene Marring1, Laura van Rosmalen1, Domien G. M. Beersma1, 

Marijke C. M. Gordijn1,2 & Roelof A. Hut1 
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9700CC Groningen, the Netherlands; 2Chrono@Work B.V., Friesestraatweg 213, 9743 AD Groningen, the 

Netherlands 

 

 

Light is considered a strong zeitgeber for entraining the circadian clock. Light exposure is also known to 

modulate features of subsequent sleep regulated by the clock (i.e. Rapid-eye movement (REM) sleep and 

sleep onset and offset timing). The amount of slow wave sleep, however, is thought to be a direct result of 

the build-up of sleep pressure throughout the preceding waking hours. It is unknown whether light 

exposure can affect the homeostatic parts of sleep and/or influence the build-up of sleep pressure. In this 

study, we sought to assess whether light exposure during everyday life was linked to the architecture of 

subsequent sleep. We monitored 20 young, healthy individuals in the field. Wrist-worn actigraphs 

measured ambulatory light exposure and ambulatory polysomnography worn at home monitored sleep 

architecture. A week prior, salivary melatonin sampling was collected in the lab to determine dim-light 

melatonin onset (DLMO). As expected, later DLMO was associated with later light exposure (quadratic, 

controlling for daylength, R2=0.47, ɢ2(3)=32.38, p <0.0001). Additionally, REM sleep latency was shorter 

in individuals exposed to later light (R2=0.21, ɢ2(1)=5.77, p<0.05) and higher percentage of REM sleep 

(R2=0.43, ɢ2(2)=13.90, p<0.001) was associated with lower intensity light exposure. Surprisingly, SWS 

accumulation was faster after exposure to high intensity light and early first light exposure (p<0.05). The 

accumulation difference in SWS preceded REM sleep episodes. This study provides evidence that in the 

field, the light humans are exposed to affects architecture and quality of their subsequent sleep. Light 

appears to not only entrain the clock and affect clock-modulated aspects of sleep but, through possible 

extra-SCN pathways, affect the build-up of SWS sleep.  
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Light intensities up to 2000 lux do not improve daytime alertness in a dose-dependent 

manner  
 

Renske Lok 1 Marijke C.M. Gordijn1,2  Roelof A. Hut1 Domien G.M. Beersma1 

 
1 University of Groningen, GELIFES, department of Neurobiology, Groningen, the Netherlands; 2 Chrono@Work, 

Groningen, the Netherlands 

  

 

Light is known to elicit both image- and non-image forming (NIF) responses, such as effects on alertness. 

Dose-dependent effects of light on alertness have been established, mainly during the nighttime. There are 

no dose-response curves available for effects of light intensity on alertness during the daytime, while this 

could have important implications. 

50 healthy, non-sleep-deprived subjects participated in a paradigm starting at 7:30 A.M. with dim light 

(DL) exposure of <10 lux. After 1.5 hours, DL was alternated with 1 hour of polychromatic white 

experimental light (EL). This sequence was repeated until the end of the paradigm at 5:30 P.M. Each 

subject was exposed to the same intensity of EL on all four occasions. Five intensities of EL were tested 

(24, 74, 222, 666 and 2000 lux). Alertness was assessed (by filling in the KSS-questionnaire, performing 

a reaction time task and measurements of skin temperature and blink parameters) sixteen times.  

Linear mixed model analysis revealed significant effects of time of day in all parameters of alertness, 

however there were no significant interactions between time of day and light intensity in none of the 

assessed parameters (p>0.05). There were also no significant differences between DL and EL (p>0.05) 

nor between different intensities of EL (p>0.05).  

Contrary to expectations, alertness did not improve by light exposure in a dose dependent manner. In fact, 

there were no effects of light on alertness whatsoever. Either the used light intensities are not strong 

enough to elicit significant improvements in alertness during the daytime or there is a ceiling effect of 

alertness, making it impossible to improve beyond such limits.  
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Acute effects of light on eating behavior and glucose metabolism of mice 
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Amsterdam.  

 

  

Brain structures implicated in the regulation of food intake (FI) receive projections from intrinsically 

photosensitive retinal ganglion cells expressing melanopsin. Hence, light may somehow regulate FI and 

metabolism. Our aim was to study the acute effects of light at night (ZT13) on regular chow and palatable 

FI, and glucose metabolism in C57BL/6J mice exposed to a chow diet or a free choice high fat high sugar 

diet (fcHFHS). Animals were exposed to a light pulse (either polychromatic or blue) for 1 h and an intra 

peritoneal glucose tolerance test was then performed.  No significant differences in the glycemic response 

were found under any type of light in animals on either diet.  

Animals received a second light pulse at ZT13 one week later and FI was measured before and after the 

light pulse during the day and at night. FI in the animals on the chow diet was significantly higher at night 

than during the day, but no difference was found between light exposure conditions. However, in animals 

on fcHFHS, even when the FI during day was the same before and after the light pulse, there was a 

statistically significant increase in calorie intake at night only in the animals exposed to blue light. That 

extra energy came mainly from fat and sugar, suggesting that blue light may stimulate the hedonic eating 

drive in mice.  

To evaluate the role of melanopsin in the possible hedonic pathway stimulated by exposure to blue light, 

we used melanopsin mutant mice (Opn4) under the same conditions as in experiment 1. FI at night 

increased in WT and mutant mice exposed to blue light, suggesting that the retina-brain pathway that 

modulates the hedonic intake of food is independent of melanopsin.  

    

Supported by: NeuroTime, ANR-14-CE13-0002-01 ADDiCLOCK JCJC and Institut Danone France ï 

Fondation pour la Recherche Médicale 
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Feeding Time Is A More Potent Zeitgeber For The Goldfish Hepatic Clock Than Light-Dark 

Photocycle 
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Department of Physiology (Animal Physiology II), Faculty of Biology, University Complutense of Madrid, 28040 

Madrid, Spain  
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The non-hierarchical fish circadian system is composed of a network of central and peripheral oscillators. 

Previous results have demonstrated that in the absence of a light-dark (LD) cycle, a scheduled feeding 

drives hypothalamic and hepatic clock genes rhythms in goldfish (Carassius auratus), suggesting that 

feeding time is a potent synchronizer of fish oscillators. However, the importance of feeding time versus a 

LD cycle in the entrainment of goldfish oscillators is unknown. In this work, we have studied the effect of 

a 12-h feeding time shift (from the midday, ML, to the middarkness, MD) on clock genes expression 

rhythms (bmal1a, clock1a, per1a, per1b, per2a and per3) in hypothalamus and liver of goldfish maintained 

under a 12L:12D photoperiod for one month. As expected, the acrophases of bmal1a and clock1a were in 

antiphase with those of per genes in the two tissues studied in both ML and MD fed fish. One exception to 

this pattern was per2a, which presented daily rhythmicity only in the hypothalamus, in agreement with 

previous studies suggesting that this gene is directly induced by light in teleosts. In liver, when feeding time 

is shifted from ML to MD, the acrophases of clock genes were also shifted approximately 12 h. However, 

in hypothalamus, the 12-h feeding time shift induced a 3-4ïh phase advance in the daily rhythms of the 

analysed clock genes. Interestingly, the hypothalamic and hepatic oscillators were in phase in ML fed fish, 

while they were desynchronized in MD fed fish. In conclusion, present data suggest that feeding time is the 

main zeitgeber for the hepatic, but not for the hypothalamic, circadian oscillator in goldfish. However, the 

physiological consequences of such a desynchronization between a central (hypothalamus) and a peripheral 

(liver) oscillator when feeding time is shifted for the animal temporal homeostasis remain to be elucidated. 
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A local circadian clockwork in the arcuate nucleus drives daily changes in excitability and 

fine tuning of feeding behaviour  

 

Adam G. Watson, Mino D. C. Belle, Peter Cunningham, David A. Bechtold, Hugh D. Piggins 

 
Faculty of Biology, Medicine and Health, The University of Manchester, Manchester, UK 

 

 

The transcriptional-translational feedback loop (TTFL) enables neurons in the suprachiasmatic nucleus to 

function as autonomous clocks and drives daily rhythms in electrical activity. Core components of the 

TTFL such as Period1 (Per1) and Cryptochrome1/2 (Cry1/2) are also rhythmically expressed in other 

brain regions. One such area, the arcuate nuclei of the hypothalamus (ARC), plays a vital role in 

modulating feeding behaviour and energy balance. However, it remains unknown whether the local 

clockwork in the ARC influences electrical activity, and whether such changes influence energy 

homeostasis. To investigate this, we used a mouse in which Per1 promoter activity is reported by a 

fluorescent Venus protein (Per1::Venus animals), and made targeted whole-cell electrophysiological 

recordings from Per1::Venus positive neurons in acute adult brain slices. Importantly, within the lateral 

portion of ARC, Per1::Venus positive neurons were significantly more active at night, firing APs at 

~4Hz, compared to the day (~2Hz). This was confirmed by recording of multiunit activity, which was 

higher at night compared to the day specifically in the lateral portion of the ARC. To establish whether 

this localised day-night change in activity is dependent on an intact TTFL, we made whole-cell recordings 

from ARC slices prepared from mice lacking Cry1/2 (Cry1-/-Cry2-/-), and found such daily variation to be 

absent. Moreover, bilateral microinjection of AAV-Cre-GFP (or control AAV-GFP) viral vectors into the 

ARC of Bmal1fl/fl  mice lead to a Cre-dependent increase in daytime firing rate and altered the temporal 

pattern of food intake. Collectively, these results demonstrate that the TTFL drives daily changes in the 

electrical activity of the ARC and that a local clock in the ARC is important for fine tuning the timing of 

feeding behaviour.  

Keywords: Arcuate, Per1::Venus, electrophysiology, metabolism, feeding.  
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Restricted feeding stabilises behavioural rhythms of neuropeptide deficient mice 
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Restricted feeding (RF) has major health benefits, from preventing onset of diseases such as 

cardiovascular disease and diabetes to improved longevity. In mammals, 24h daily rhythms of physiology 

and behaviour are driven by the superchiasmatic nuclei (SCN), which is itself entrained by external 

zeitgebers such as light and activity. In rodents, RF during the inactive phase of the day reduces SCN 

control of activity, allowing food anticipatory activity (FAA) rhythms to emerge. The interaction between 

vasoactive intestinal polypeptide (VIP) and its primary SCN receptor, VPAC2, promotes coupling and 

synchrony amongst SCN neurons. Mice lacking VIP (Vip-/-), VPAC2 (Vipr2-/-) or both (Vip-/-Vipr2-/-) 

demonstrate marked loss of SCN neuronal synchrony and disrupted locomotor activity rhythms in 

constant darkness (DD). Under RF, all three lines of mice readily entrained to feeding time and displayed 

FAA. Remarkably, upon return to ad libitum feeding, previous exposure to RF during DD corrected 

abnormal free-running behavior in Vipr2-/- mice, producing prolonged ~24h behavioural rhythmicity. This 

effect was not observed in Vip-/- and Vip-/-Vipr2-/- mice, as neither strain showed a significant 

improvement indicating that VIP is required for these behavioural changes. Further, RF carried out during 

the light phase in 12h:12h light:dark conditions caused the majority of Vipr2-/- mice to become arrhythmic 

upon release to DD. This suggests that the presence of light as a conflicting zeitgeber disrupts the 

beneficial effect of RF. Additionally, DD-RF in wild-type (WT; C57BL6/J or mPER2::LUC) mice altered 

the phase of both behavioural rhythms and mPER2::LUC rhythms in isolated SCN slice cultures. Taken 

together these findings demonstrate that RF engages the SCN, and when not opposed by the LD cycle, 

can promote behavioural rhythmicity in mice with a weakened SCN. 

 

Supported by the MRC, BBSRC and the University of Manchester Research impact Scholarship. 
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To anticipate and adapt to daily recurring events such as the light-dark cycle most species have developed 

internal, so called circadian clocks. In nocturnal rodents, like mice, food intake is high during the dark 

phase and low during the day, but clock gene disruption dampens this diurnal feeding rhythm. An 

important regulator of appetite is the adipocyte-derived hormone leptin, which acts on central appetite 

circuits via its receptor ObRb. Expression of ObRb shows a diurnal pattern, suggesting a reciprocal link 

between leptin-mediated control of energy homeostasis and central clock function. Therefore, we 

investigated the influence of circadian clocks in leptin-responsive neurons on energy homeostasis in 

ObRb.Bmal mice, in which the circadian clock was knocked out specifically in ObRb-positive neurons 

(ObRb.Cre x Bmal.flx/flx). ObRb.Bmal mice show slightly increased homeostatic food intake during the 

night together with elevated energy expenditure, resulting in an unchanged body weight regulation in 

comparison to control mice. Furthermore, the circadian rhythm of central leptin sensitivity is dampened in 

ObRb.Bmal mice. Interestingly, the appetite for palatable food as well as palatable food-induced running-

wheel activity is reduced during the day in ObRb.Bmal mice compared to control mice, suggesting an 

altered rewarding effect of energy-dense food in these mice. In summary, our data suggest that the 

molecular clock in ObRb-expressing neurons is involved in the circadian regulation of food intake, with 

prominent effects on food reward and hedonic appetite regulation. 
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Circadian clock systems allows organisms to cope with constantly changing environmental conditions 

such as light and temperature. An effective system for exploring regulation of the clock is the fruit-fly 

Drosophila melanogaster due to the flyôs simple clock of roughly 150 clock neurons. Using flies the 

molecular components important in producing rhythms have been investigated, but how this impacts on 

the electrical behaviour of neurons is not yet fully understood.  

 

One discrete group of clock neurons is known as the lateral neuron ventral cluster (LNVs). These neurons 

produce a neurotransmitter called pigment-dispersing factor (PDF, Shafer et al., 2008) that is thought to 

be important in proper clock function and they have an oscillating resting membrane potential and 

frequency of spontaneous action potential firing; the neurons being more positive and faster respectively 

in the early morning compared with the early night. However, the exact mechanism of this is not fully 

known.  

 

We have performed ex vivo whole cell patch clamping and pharmacological manipulation of the PDF-

positive LNV neurons to establish the underlying oscillations that contribute to the resulting oscillating 

neuronal behaviour. We show that some voltage-gated potassium channels such as Kv1 (Shaker) and Kv2 

(Shab) have consistent electrophysiological properties over the course of a day, others such as Kv3 

(Shaw) and Kv4 (Shal) have higher peak currents at different times of day. Mathematical modelling of 

our voltage-clamp data combined in a whole-cell model of the PDF-positive LNV neurons allows us to 

describe previously observed behaviour and also predict the effect of each channel on the whole-cell 

electrical activity. Subsequent manipulation of these channels also has affects on fly circadian activity. 
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The circadian master clock is located in the hypothalamic suprachiasmatic nucleus (SCN). Neurons of the 

SCN express a distinct group of clock genes, which in complex interactions regulate their own 

transcription during the 24 LD cycle generating output signals driving rhythmic behavior and physiology.  

The neuropeptide VIP and its specific receptor, the VPAC2 receptor, are necessary for synchronization of 

clock neurons and loss of either peptide or receptor results in a broken clock. In the present study, we 

found evidence for distinct temporal oscillations of the expression of the clock gene Per1 in two different 

compartments of SCN neurons using specific PER1 antibodies and Per1 cRNA probes. One group of 

neurons located in the dorso-medial SCN, PER1 oscillates with peak mRNA expression at midday (ZT6) 

and peak protein expression at ZT12 corresponding to an evening clock (E-oscillator). A large number of 

these neurons express AVP-vasopressin. In another group of neurons PER1 oscillates in anti-phase with 

peak mRNA at ZT16 and peak protein expression at ZT24 corresponding to a morning clock (M-

oscillator).  Opposed to the E-neurons, the M-neurons were located in the central core of the SCN close to 

the Neuroglobin neurons. Per1 expression in both E- and M oscillator cells was circadian in both 

compartments. To further characterize the E ï and M neurons, we used Per1-GFP - and Per2:luc 

transgenic mice in combination with antibodies recognizing the VPAC2 receptor. In both mice strains, 

VPAC2 immunoreactivity was located in the cell membrane of soma and proximal processes of Per 

expressing cells. We next investigated PER1 expression in the SCN of VPAC2 WT and VPAC2 deficient 

mice during LD ï and DD cycles. During both conditions, PER1 expression in VPAC2 KO mice was 

significantly blunted in both compartments of the SCN indicating that the M- and E oscillator are 

dependent of intact VIP/VPAC2 signaling in the SCN. 
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Daily rhythms in physiology and behaviour are ultimately controlled by the coordinated activity of a 

network of cellular circadian oscillators located in the suprachiasmatic nuclei (SCN). Intercellular 

signalling within this structure is paramount for appropriate circadian function and two key intercellular 

signalling systems in the SCN are the neuropeptide vasoactive intestinal polypeptide (VIP), acting via its 

cognate VPAC2 receptor, and GABAergic signalling. Circadian rhythms generated by the SCN must be 

synchronised with the external environment through the actions of exogenous time cues and feedback 

from endogenous clock-controlled outputs. Daily scheduled exercise is one such influence; it is well 

established that regularly scheduled locomotor activity entrains behavioural rhythms in wild-type (WT) 

mice, and both entrains and improves aberrant circadian function in mice with disrupted VIP-VPAC2 

signalling. It is currently unknown, however, how daily scheduled exercise alters SCN function during 

entrainment and whether intercellular signalling pathways are engaged by such activity. Here we 

demonstrate, using electrophysiological and molecular tools, that scheduled daily locomotor exercise 

improves behavioural rhythms in mice lacking VPAC2 receptor expression (Vipr2-/-) by reducing 

GABAergic activity in the dorsal SCN, paradoxically reducing firing rate in this subregion. These 

changes are coincident with an increase in the amplitude of molecular clock gene rhythms in the ventral 

part of the SCN, as well as a significant increase in the proportion and synchrony of rhythmic SCN cells. 

Intriguingly, we also find that under stable entrainment to scheduled voluntary exercise, GABA signalling 

is significantly suppressed in both the dorsal and ventral parts of the WT SCN. In contrast to Vipr2-/- 

mice, spontaneous firing in the ventral part of the WT SCN is paradoxically reduced and, remarkably, 

these changes are coincident with reduced amplitude oscillations in clock gene expression across both 

SCN subregions. We conclude that scheduled voluntary exercise in a running wheel differentially engages 

GABAergic signalling in the dorsal and ventral parts of the SCN to mediate entrainment of WT mice and 

rhythm improvements in a model with a weakened central circadian system. 
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Nowadays we can record functional data from single SCN cells using techniques as gene expression 

recordings, single-cell imaging and electrical activity recordings. However, identification of these single 

cells into clusters appears to be a difficult task. Normal clustering techniques based on a threshold find 

one cluster and many unclustered cells. Anatomical knowledge is also used to select, by hand, regions in 

the SCN of which the signals are taken together as clusters. We present a new community detection 

method based on random matrix theory with which we can find multiple clusters of cells from functional 

data only, without reference to existing anatomical maps and without use of a threshold. The method has 

no knowledge of location of the cells from which the functional time series were derived.  

We used single-cell PER2::LUC expression in slice cultures from mice entrained to short and long 

photoperiods and find in all experiments two main clusters. Surprisingly, the two clusters that were found 

resembled very accurately the existing ventral-dorsal distinction in the SCN! When we examine the 

functional properties of the different clusters, we find in the anterior SCN a dorsolateral cluster that 

showed a larger cycle-to-cycle single-cell period variability in long photoperiods compared to a 

ventromedial cluster, raising the possibility of regional differences within the SCN in encoding for 

photoperiod (1). 

We continued our investigation by looking at the evolution of the clusters over the 24-h period and we see 

that the clusters change over time. Some cells are inside one cluster during the day, and in the other 

cluster during the night. This indicates daily plasticity of the functional cellular network, where the 

network changes between night and day. Using this clustering technique will help us find functional 

relevance of different regions and functional plasticity in the SCN, based only on functional recording 

techniques. 

 
Buijink MR, Almog A, Wit CB, Roethler O, Olde Engberink AH, Meijer JH, Garlaschelli D, Rohling JHT, Michel S. 

Evidence for Weakened Intercellular Coupling in the Mammalian Circadian Clock under Long Photoperiod. PLoS 

One. 2016 Dec 22;11(12):e0168954. 
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In mammals, the suprachiasmatic nucleus (SCN) in the hypothalamus plays a critical role in the 

expression of circadian rhythms. In the SCN, circadian rhythms are generated by a 

transcription/translation negative feedback loop, where the core (Per) loop is interlocked with an associate 

(Bmal1) loop. This molecular oscillation in the SCN is thought to transmit the output signals for 

expressing circadian rhythms in cellular functions such as cytosolic calcium and spontaneous firing. And 

these cellular rhythms are integrated in the SCN to regulate circadian behavioral rhythms. However how 

the molecular oscillation in the SCN regulates behavioral rhythms remains mostly unknown. In this 

respect, simultaneous measurement of circadian rhythms of the multiple functions in the SCN is 

important to elucidate the signal cascades of circadian rhythm regulation. 

In the present study, using an in vivo optical fiber system, we examined the dynamics of Per1 and Bmal1 

expression in the mouse SCN during the transient period of phase-shifts induced by a single phase-

delaying light pulse. The Per1-luc rhythm was phase-delayed instantaneously by the light in parallel with 

the activity-onset of behavior rhythm, whereas the Bmal1-ELuc rhythm was phase-delayed gradually with 

a transient of 4-6 days similar to the activity-offset. We also measured Per1-luc and Bmal1-ELuc 

simultaneously in the cultured SCN, using transgenic mice carrying dual-color luciferase reporters for 

Per1 and Bmal1 transcription together with spontaneous firing and cytosolic calcium concentration. Here 

we found that circadian rhythms of Per1-luc and Bmal1-ELuc in the SCN were dissociated during culture. 

Circadian peak of Bmal1 rhythms gradually phase advanced, while that of Per1 was gradually phase 

delayed when compared with the circadian peak of firing rhythm. The spatial organization of Per1 and 

Bmal1 expression rhythms in the SCN did not change during culturing. These results suggest that the 

existence of two oscillations with different molecular mechanisms. 
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The circadian rhythm is controlled by an endogenous oscillatory mechanism, or circadian clock, which 

consists of cyclically expressed clock genes and their product proteins. In insects, the major constituents 

of the clock are period (per), timeless (tim), Clock (Clk) and cycle (cyc). per and tim are rhythmically 

expressed through rhythmic transcription caused by CLK/CYC during late day to early night and a 

subsequent negative feedback of their product proteins to CLK/CYC. cryptochromes (cry) are also 

thought to be involved in this loop and their roles have been examined extensively in holometabolous 

insects, but little is known for hemimetabolous insects. In this study, the role of cry genes was 

investigated in a hemimetabolous insect, the cricket Gryllus bimaculatus. By molecular cloning we 

obtained cDNAs of two cry genes, i.e., Drosophila-type cry1 (Gbôcry1) and mammalian-type cry2 

(Gbôcry2). Gbôcry2 has 6 splicing variants most of which showed a daily rhythmic expression, peaking 

during early to mid-night. Double stranded RNA (dsRNA) treatment of Gbôcry1 had only a limited effect 

at both behavioral and molecular levels, while dsGbôcry2 treatment had a significant effect on behavioral 

rhythms and molecular oscillatory machinery alone or in combination with dsGbôcry. When doubly 

treated with dsGbôcry1 and dsGbôcry2, most of the clock genes lost daily expression rhythms, except for 

Gbôtim which maintained a clear daily rhythmic expression. With molecular analysis using cultured cells, 

we found that some combination of Gbôcry1 and Gbôcry2 variants suppressed the CLK/CYC 

transcriptional activity. Based on these results we propose a unique model of the circadian clock that 

includes a molecular oscillatory loop for Gbôcry2 which can function independent of the Gbôper/Gbôtim 

loop. 
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The circadian clock regulating activity rhythms in the fruit fly D. melanogaster consists of a neural 

network of ~150 oscillator neurons located in the brain.  Communication among oscillator neurons is 

critical for the circadian activity rhythm and its synchronization (entrainment) to daily light/dark (LD) 

cycles. The neuropeptide PIGMENT DISPERSING FACTOR (PDF) is an important communicator 

among oscillator neurons. We explored the role of PDF in entrainment by studying activity rhythms of 

wild-type (Canton S (CS)) and Pdfo flies under non-24 hour LD cycles (T-cycles). Daily activity profiles 

of CS showed obvious changes with T-cycle period. Duration of daily activity changed in proportion to 

period of T-cycle and phase of entrainment of morning and evening activity bouts progressively advanced 

with increasing T-cycle period. In contrast to CS, the duration of evening activity in Pdfo flies (only 

prominent daily activity bout in Pdfo) did not change with T-cycle period. In Pdfo flies too, the phase of 

entrainment of evening activity advanced progressively with increasing T-cycle period. However, 

interestingly the evening activity occurred after a constant interval of ~ 16 hours following lights-off in all 

the T-cycles, suggesting that the Pdfo clock starts at lights-off every cycle. Loss of PDF thus appears to 

turn the clock into an hour-glass like timer. PDF signalling is known to regulate the phase of daily activity 

bouts through resetting the molecular oscillator and also by modulating the oscillator neuron output. Here 

we present PERIOD staining in clock neurons of CS and Pdfo flies entrained to T24 and T32 LD cycles to 

test if PERIOD oscillations in Pdfo flies correlate with their strongly advanced phase of evening activity 

in T32.  
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The mammalian circadian master clock, the suprachiasmatic nucleus (SCN), can be seen as a complex 

system of coupled oscillators. Heterogeneous couplings lead to an emergent behavior at the network level 

that can be quite different from the corresponding behavior of the isolated single cell. Mutual inter-

cellular couplings lead to precision at the tissue level of the SCN and recover rhythmicity from 

genetically modified clocks that are arrhythmic at the single cellular level. Furthermore, the type of 

coupling is believed to be responsible for the encoding of seasonal timing information. However, the 

topology, strength, and type of coupling is debated in many cases. 

 

In order to compare the relative coupling strength between different modifications of the circadian 

system, e.g., under different entrainment cues, genetic perturbations, or pharmacological treatments, we 

propose to systematically relate emergent oscillatory features at the network level in experimental data 

and simulated ensembles of coupled oscillators. Additionally, dynamic signatures of spatial organization 

are captured via a spatial autocorrelation approach. By this means, we are able to discriminate between 

qualitatively different synchronization behaviors (Schmal et al., Submitted). 

 

Importantly, it has been shown that the SCN encodes information of environmental signals at the network 

level (Azzi et al., Neuron (2017)). The dynamical state of the network determines entrainment properties 

(e.g., its phase-of-entrainment or amplitude) of the circadian system as a whole. A comparison of such 

properties with simulation results from generic oscillator models helps to deduce the underlying network 

state from experimental entrainment data (Schmal et al., Frontiers in Neurology (2015)). 
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Dopamine is synthesized in and released from a subtype of retinal amacrine cell.  Release is stimulated by 

light and modulated by circadian clocks.  Retinal dopamine neurons contain all six canonical clock genes.  

Dopamine has been shown to regulate circadian rhythms of retinal function, including photopic ERG 

responses and contrast sensitivity, and to modulate retinal melatonin production.  This presentation will 

describe studies exploring the effect disrupting dopamine signaling on retinal gene expression and the 

effects of diabetes on dopamine and visual function.  Retinal transcriptome analysis of mice lacking the 

dopamine D4 receptors (Drd4-/- mice) and littermate controls identified over 100 genes that are 

differentially expressed.  Of the top 60 differentially expressed genes, the majority had been previously 

identified as clock-controlled genes.  Of the genes verified by RT-PCR, we found that their expression 

rhythms were damped or shifted.  Seventeen of the differentially-expressed genes are associated with 

metabolic disorders, and some of these encode mitochondrial proteins.  Mice made diabetic with 

streptozotocin (STZ) have reduced retinal dopamine and an early onset impairment of visual function.  

The visual function deficits of STZ mice are phenocopied by conditional deletion of retinal tyrosine 

hydroxylase, the rate-limiting enzyme in dopamine biosynthesis, and are reversed by treatment with L-

DOPA to increase dopamine synthesis.  These results collectively indicate that dopamine in the retina 

plays important roles in regulating metabolism and visual function. 
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Light at night (LAN) has increased dramatically over last 15 years. Epidemiological studies suggest that 

LAN may have adverse effects on health and represents a risk factor for diseases, such as cancer, 

metabolic syndrome, depression etc. Underlying physiological mechanisms are not known and animal 

studies identifying key pathways are needed. We explored effects of LAN on cardiovascular parameters 

and selected hormones in normotensive and spontaneously hypertensive rats (SHR). Rats (n=66) were 

exposed to LD 12:12, and LAN groups were exposed to low intensity light (1-2 lux) during the darktime 

for 5 weeks. Body weight, food and water consumption were monitored and melatonin and corticosterone 

were measured in plasma. In rats exposed to ALAN (7/group) blood pressure (BP), heart rate (HR) and 

locomotor activity were measured by radiotelemetry (DSI, USA) and circadian oscillations were 

evaluated. Moreover, the response of cardiovascular parameters to norepinephrine was monitored during 

the dark- and lighttime after 2 and 5 weeks of LAN exposure. We found suppressed darktime melatonin 

and increased corticosterone concentrations after LAN exposure. LAN increased BP in SHR but not in 

normotensive rats and resulted in decreased HR and LA in normotensive but not in hypertensive rats. 

Under control conditions, normotensive rats had higher circadian and lower ultradian oscillations than 

hypertensive rats. Circadian oscillations in normotensive and ultradian oscillations in hypertensive rats 

decreased after exposure to LAN. Response of BP to norepinephrine administration was up-regulated in 

SHR rat during their passive phase after 2 weeks of LAN exposure while in normotensive rats the 

increase was outlined only after 5 weeks of exposure. Disruption of cardiovascular parameters was more 

severe in hypertensive than normotensive rats. Our results suggest that LAN can have more pronounced 

consequences on hypertensive individuals and therefore other comorbidities should be also considered 

when consequences of LAN on human health are evaluated. 

Supported by grants: APVV 0291-12, VEGA 1/0557/15 
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Circadian regulation and energy homeostasis are interconnected: disruption of the former is accompanied 

by higher susceptibility to diet-induced obesity (DIO) due to feeding on high-fat diet (HFD). 

Endogenous circadian rhythms show a period length (tau) that usually deviates from 24-h. 

Descriptive studies have shown that deviation of tau from 24-h is in correlation with mice inter-strain 

susceptibility to DIO. These studies support our hypothesis that a lack of resonance between tau and 

environmental period length exacts a metabolic cost increasing susceptibility to DIO. However, this 

hypothesis has never tested in a controlled setup. Our goal was to conduct controlled animal experiments 

designed to directly examine whether the deviation of tau from the environmental photic cycle is 

associated with higher susceptibility to DIO. This hypothesis was tested by comparing newborn female 

FVB/N mice rate of DIO under two symmetrical (half-dark half-light hours) photic regimes: a 23.7-h 

photic cycle that matches their tau, and a 24-h photic cycle. When raised under a tau-mismatching 24-h 

photic cycle, female FVB/N mice develop DIO. However, when raised under their tau-matching 23.7-h 

photic cycle, DIO was prevented. Mice fed a HFD had a significantly lower body weight and fat % under 

a tau-matching 23.7-h photic cycle vs. a tau-mismatching regular 24-h photic cycle. As far as we know, 

this is the first controlled experiment showing that having a non-24-h period length of the endogenous 

circadian rhythm enhances the propensity to DIO under the regular 24-h photic cycle. Our results offer a 

novel risk factor to obesity that justify the identification of biomarkers related to tau for clinical use as a 

diagnostic risk factor for obesity; and an experimental paradigm for the development of novel, clock-

related pharmaceutical prophylactic/therapeutic interventions to reduce the gap between internal and 

external circadian rhythms, and hence reduce the prevalence of obesity. 
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Aims/hypothesis Exposure to light at night (LAN)  has increased dramatically in recent decades. Animal 

studies have shown that chronic dim LAN induced obesity and glucose intolerance. Furthermore, several 

studies in humans have demonstrated that chronic exposure to artificial LAN may have adverse health 

effects with an increased risk of metabolic disorders, including type 2 diabetes. It is well-known that acute 

exposure to LAN affects biological clock function, hormone secretion and the activity of the autonomic 

nervous system, but data on the effects of LAN on glucose homeostasis are lacking. This study aimed to 

investigate the acute effects of LAN on glucose metabolism. 

Methods Male Wistar rats were subjected to i.v. glucose or insulin tolerance tests while exposed to 2 h of 

LAN in the early or late dark phase. In subsequent experiments, different light intensities and 

wavelengths were used. 

Results LAN exposure early in the dark phase at ZT15 caused increased glucose responses during the first 

20 minutes after glucose infusion (p<0.001), whereas LAN exposure at the end of the dark phase, at 

ZT21, caused increased insulin responses during the first 10 minutes (p<0.01), indicating that LAN 

immediately induces glucose intolerance in rats. Subsequent experiments demonstrated that the effect of 

LAN was both intensity- and wavelength-dependent. White light of 50 and 150 lx induced greater glucose 

responses than 5 and 20 lx, whereas all intensities, but 5 lx, reduced locomotor activity. Green light 

induced glucose intolerance, but red and blue light did not, suggesting the involvement of a specific 

retinaïbrain pathway. 

Conclusions/interpretation Together, these data show that exposure to LAN has acute adverse effects on 

glucose metabolism in a time-, intensity- and wavelength-dependent manner. 
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Temporal control of physiology requires the interplay between gene networks involved in daily 

timekeeping and tissue function across different organs. The circadian clock ticks in virtually all cells of 

the body and synchronizes cellular processes with environmental cycles. In addition to this ubiquitous 

oscillator, different tissues express distinct transcriptional programs. How the circadian oscillator 

interweaves into these transcriptional programs is not well understood. Here we disentangled temporal 

and tissue regulatory landscapes at multiple layers of gene regulation by examining mouse tissues with 

intact or disrupted clock over time. Our analysis integrated new and published data, combining 

chromosome conformation, DNase-I hypersensitivity, transcriptome, and nuclear proteome to identify 

regulatory modules underlying rhythmic gene expression in subsets of tissues. Tissue-wide isochronous 

rhythms involved a set of both clock-dependent and ïindependent rhythmically active transcription 

factors (TFs). Analysis of genes rhythmic in only one tissue uncovered two distinct regulatory modes 

underlying tissue-specific rhythms: tissue-specific rhythmically active TFs, which regulated genes 

underlying feeding-fasting rhythms in liver and sodium homeostasis in kidney; co-localized binding of 

clock (ROR/REV-ERB) and tissue-specific TFs (FOXA/ONECUT) at distal enhancers. To gain insights 

on the function of these enhancers, we performed chromosome conformation capture (4C-seq) on 

candidate promoters in liver and kidney, which identified liver-specific chromatin loops linking enhancers 

to promoters to drive rhythmic gene expression. Remarkably, 4C-Seq on alternative rhythmic and non-

rhythmic transcription start sites (TSSs) uncovered liver-specific chromatin loops that formed specifically 

with the rhythmic TSS, but excluded the nearby non-rhythmic alternative TSS. Our data suggest that 

precise chromatin folding enables the clock to contact promoters and regulate rhythmic gene expression 

in a tissue-specific manner. 
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The core body temperature of all mammals oscillates with the time of the day. However, direct molecular 

consequences of small, physiological changes in body temperature remain largely elusive. Here we show 

that body temperature cycles drive rhythmic SR protein phosphorylation to control an alternative splicing 

program. A temperature change of 1°C is sufficient to induce a concerted splicing switch in a large group 

of functionally related genes, rendering this splicing-based thermometer much more sensitive than 

previously described temperature-sensing mechanisms. Alternative splicing of two exons in the 5ô-UTR 

of the TATA-box binding protein (Tbp) highlights the general impact of this mechanism, as it results in 

rhythmic TBP protein levels with implications for global gene expression in vivo. Together our data 

establish body temperature driven alternative splicing as a novel, core clock-independent oscillator in 

mammalian peripheral clocks.  
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In Drosophila, the circadian photoreceptor Cryptochrome (dCRY) has a well-established role in the light 

synchronization pathway, promoting light-dependent Timeless degradation. Recent findings have 

uncovered its involvement in the phototransduction pathway in the retinal photoreceptors: it interacts with 

INAD, the scaffolding protein that organizes the Signalplex in flies, and modulates visual coding 

efficiency. We had previously identified a Calmodulin (CaM) binding motif in INAD, necessary for the 

CRY-INAD interaction. A multiple disciplinary approach (in silico analysis, Y2H, in vitro binding and 

Co-IP) has allowed us to deeply characterize this binding motif and show that also dCRY possesses a 

functional CaM binding site. We have also hints that the CaM bound to dCRY can activate a CaM kinase 

present in the complex. 

In mammals, Cryptochromes act as negative transcriptional regulators of the circadian clock: they interact 

with Period forming heterodimers that inhibit their own transcriptional activators, Clock and Bmal. 

However the nature of the transduction signaling involving CRYs remains largely unknown. Similarly to 

what observed in Drosophila, we have identified the mammalian multiple PDZ domain containing protein 

(MUPP1 or MPDZ) as a novel binding partner of hCRY2. The latter binds specifically to the 8th PDZ 

domain of MUPP1, in which a CaM binding domain is present. By in vitro binding and Y2H assay we 

have shown that CaM indeed interacts with both MUPP1 and hCRY2. The scaffolding protein MUPP1 is 

part of multiple membrane receptor complexes, including the one formed by melatonin receptor 1. Our 

findings identify a new binding partner for hCRY2, providing potential new insight on its hormonal 

regulation. 

  



32 
 

S8.4 

 

The RNA-binding protein NONO coordinates hepatic adaptation to cycles of feeding and 

fasting 
 

Giorgia Benegiamo1,2, Ludovic S. Mure2, Hiep Le2, Steven A. Brown1, Satchidananda Panda2 

 
1. Institute of Pharmacology and Toxicology, University of Zürich, Winterthurerstrasse 190, 8057 Zürich 

(Switzerland); 2. Salk Institute for Biological Studies, 10010, North Torrey Pines Road, La Jolla, CA, USA, 92037 

 

 

Diurnal rhythms in gene expression are crucial for driving physiological adaptations to daily cycles of 

feeding and fasting. Yet, the mechanisms by which feeding and fasting drive rhythmic gene expression 

are not well understood. The nuclear RNA-binding protein NONO has been shown to affect circadian 

rhythmicity in mammals, however its specific function remains unknown. We discovered that, upon 

feeding, NONO accumulates within speckle-like structures in liver-cell nuclei. Combining RNA-

immunoprecipitation and sequencing (RIP-seq), we found that NONO RNA-binding activity increases 

after feeding. We further demonstrate that NONO binds and regulates the rhythmicity of genes involved 

in amino-acid and glucose metabolism post-transcriptionally. Finally, we found that disrupted rhythmicity 

of NONO target genes has profound metabolic impact. Indeed, nono-/- mice exhibit impaired glucose 

tolerance and lower hepatic glycogen and lipids. Accordingly, nono-/- mice shift from glucose storage to 

fat oxidation. In conclusion, our study demonstrates that NONO post-transcriptionally coordinates 

circadian mRNA expression of anabolic genes with the feeding/fasting cycle, thereby helping to maintain 

energy homeostasis. 
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The hypo and hyperthyroidism alter the secretion of pituitary hormones, which fluctuates in serum 

concentration during the 24 h period, however, the interaction between thyroid hormones (THs) and the 

intrinsic circadian clock in anterior pituitary is unknown. This study investigated the expression of 

circadian clock and output genes in anterior pituitary in hypo and hyperthyroid conditions and the 

possible transcriptional regulation triggered by triiodothyronine (T3) on clock genes. For this, male 

Wistar rats were divided in control, hypothyroid (thyroidectomy) and hyperthyroid group (T3: 1.5ɛg/100g 

BW, twice a day/5 d). The animals were euthanized every 3h, during 24h; afterwards the pituitaries were 

excised and immediately frozen. The mRNA expression was evaluated by RT-qPCR. One and Two-way 

ANOVA, as well as, cosinor analysis were used to evaluate the time-of-day-dependent differential 

expression for each gene/group. The T3 transcriptional regulation of Bmal1 promoter activity was 

evaluated using Luciferase assay in GH3 cells transfected with mouse Bmal1 promoter, bathed in THs 

depleted media or supplemented with T3 (0.1 uM). In hypothyroidism, the circadian pattern of Bmal1, 

Per2 and Tef (Thyrotrophic embryonic factor) expression was lost while the mesor of Nr1d1, Dio2 and 

Tef were altered. In hyperthyroid rats, the expression of Bmal1, Clock, Per2, Cry1, Rora, Nr1d1 and Tef 

was increased, altering the mesor values of Bmal1 and Nr1d1 when compared to euthyroid values. The 

Bmal1 promoter activity was reduced in the absence of THs, but rapidly increased in the presence of T3 

(30 min up to 4h). These results show an alteration of anterior pituitary circadian clock genes expression 

in hypo and hyperthyroidism, suggesting that T3 could in fact act as a modulator of the clockwork 

machinery and consequently alter the rhythmicity of anterior pituitary hormones secretion.   
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Disruption of the circadian systems, which synchronises behaviour and physiology to the external 

environment, has been associated with increased risk of developing obesity and diabetes. A major factor 

in obesity related insulin resistance is white adipose tissue inflammation and dysregulation. Our lab has 

recently shown that mice lacking Rev-erbŬ have an obese phenotype, but do not lose insulin sensitivity 

nor develop inflammation usually associated with adipose hypertrophy. Moreover, mice lacking Rev-erbŬ 

have increased serum levels of the high molecular weight (HMW) form of adiponectin, the bioactive form 

of this anti-inflammatory adipokine. Here, we examine the role of the clock in adiponectin production and 

processing under normal and obese conditions. We demonstrate a selective decrease in HMW adiponectin 

in diet-induced obese mice, which is associated with dysregulated expression of enzymes involved in the 

oligomerization and secretion of adiponectin (including lysyl hydroxylases, PLOD2 and PLOD3). 

Importantly, these enzymes also show an altered regulation the Rev-erbŬ-/- mice associated with the 

increase production of HMW adiponectin. Moreover, loss of Rev-erbŬ is protective against obesity-

related dysregulation in this oligomerization pathway. These studies highlight the role of Rev-erbŬ and 

the clock in adiponectin production and oligomerization, and suggest that Rev-erbŬ is a novel target in 

altering the adiponectin pathway in obesity. 

This work is supported through grants from the BBSRC and MRC 
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Abstract 

In mammals, growing body of evidence indicates that the circadian clock regulates serum concentrations 

of many reproductive hormones including testosterone. Although the association between circadian 

rhythms and testosterone is a long-established phenomenon, the data concerning the presence and the role 

of clock elements in testis were questionable and sometimes disputative. Previously, we characterized 

pattern of circadian transcription of core clock genes in testosterone-producing Leydig cells (LCs). Here 

we wanted to examine potential role of LH-cAMP signaling pathway in resetting of peripheral circadian 

clock in LCs. In vitro activation of LH receptor in primary culture of LCs by hCG (LH analog) led to the 

changes in transcription of many clock genes (upregulation of Per1, Dec1/2, Rorb, E4bp4 and 

downregulation of Bmal1, Npas2, Rev-erba/b). Elevation in transcription of Per1 and Dec1/2 genes 

happened within the first 30 minutes to 1h after adding hCG, and in case of Per1 and Dec2 was back to 

normal after 4 hours. Further, stimulation of primary LCôs culture with 8br-cAMP showed compatible 

pattern of transcriptional changes as previous, indicating the role of cAMP in mediating the response of 

clock genes to LHR activation. To see if in vivo disruption of LH-cAMP signaling can affect expression 

of clock genes in LC, we used hypogonadotropic hipogonadal rats. The model was characterized with 

very low level (with lost rhythmicity) of serum LH and testosterone and in intracellular cAMP. 

Disruption of LH-cAMP signaling in this model led to increase in transcription of many clock genes 

(Per2, Dec1, Rorb, Rev-erbb, E4bp4, Hlf, Tef) and decrease in transcription of Npas2. Altogether, LH-

cAMP signaling pathway may affect expression of clock genes in LC both in vitro and in vivo. The 

results also suggest potential role of LH in resetting LCôs clock via cAMP and activation of Per1 

transcription. 
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 The age-related neurodegenerative disorders in the elderly have increased dramatically parallel to increase 

in longevity limiting quality of life. The age-related sleep disturbances have been attributed to circadian 

dysfunction. Parkinsonôs disease (PD) is age related neurodegenerative disorder, associated with 

degeneration of dopaminergic neurons in the Substantia nigra pars compacta (SNpC). The suprachiasmatic 

nucleus (SCN) in hypothalamus contains a light-entrained circadian clock involved in regulation of 

neuronal, endocrine and behavioral rhythms through the expression of various clock genes. It regulates the 

rhythmic production and release of serotonin derivative, melatonin (messenger of darkness) from pineal 

gland via multisynaptic efferent pathways. This involves close interaction of core circadian machinery with 

a network of interconnected transcriptional and translational feedback loops. We have studied purturbences 

in the functional integrity of circadian system with the neural degenerative changes in aging and Rotenone 

induced Parkinsonôs disease (RIPD) rat model. Chronomics in stoichiometric alterations in various 

serotonin metabolism components (Tryptophan (TRP), 5-Hydroxytryptophan (5-HTP), 5-

hydroxytryptamine (5-HT, Serotonin), N-acetylserotonin (NAS), N-acetyl 5-methoxytryptamine 

(Melatonin, MEL), 5-hydroxyindoleacetic acid (5-HIAA), 5-methoxyindole acetic acid (5-MIAA), 5-

hydroxytryptophol (5-HTOH), 5-methoxytryptophol 5-MTOH) and N-acetyltryptamine (NAT)); gene 

expression for various clock genes such as bmal1, per1, per2, cry1 and cry2; 2-D protein profiles and 

locomotor activity in SCN, Pineal and  SNpC were studied at variable time points in 3 age groups 3 (adult), 

12, and 24 months old male Wistar rats  and RIPD rat model in light-dark conditions (LD 12:12). 

Stoichiometric alterations obtained in the levels and chronomics of various serotonin metabolism 

components and clock gene expression using correlation analysis; proteome analysis using MALDI 

TOF/TOF in relation to locomotor activity profiles have lead to identification of candidate biomarkers of 

aging and neurodegeneration which will help in targeting novel treatments of circadian dysfunction for age 

induced disorders and PD . 

 

Acknowledgement: The work is supported by DBT, DST, UGC and ICMR grant of Govt. of India to AJ. 
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Background and aim:  Night-shift work comprises a complex mixture of exposure and lifestyle changes 

that, through various pathways, might affect health. Accurate quantification of this mixture is a crucial 

step in elucidating how night-shift work could induce health effects. Insight in these exposures and 

biological pathways may provide clues for strategies to reduce the impact of night-shift work.   

Methods: We conducted a cross-sectional study among 239 female nurses, 145 of which regularly 

conducted night-shift work. Of these, 69 night-shift workers were intensively followed for 3x48 hour 

(including one night shift session), while 21 non-night-shift workers were followed for 2x48 hour. We 

collected information via questionnaires (general characteristics, diet, night shift schedule and sleep 

quality) and sensor-based measurements of (day)light exposure, physical activity,  and sleeping behavior. 

We measured alertness with a psychomotor vigilance task (PVT).  

Results: Night-shift workers had worked night shifts for on average 17 years and reported 7.04 hours of 

sleep (SD 1.08), whereas day workers reported 7.21 hours of sleep (SD 0.43). During the night shifts 

participants had a lower median response time in the PVT (353 milliseconds vs. 367 milliseconds, 

p=0.089). Preliminary results among a subset of nurses (n=31) indicated that night-shift workers might 

have an altered dietary pattern. Although there was no statistically significant difference between night 

and day sessions for total energy intake, during the night-shift sessions participants consumed more 

snacks, had a lower total hours of fasting (10.7 hours versus 12.3 hours during day shifts, p=0.059), had a 

higher eating frequency (7 eating moments versus 6 during day shifts, p=0.002), and had a higher intake 

in proteins (p=0.144) and (saturated) fat (p=0.053). 

 

Conclusion:  

Preliminary results provide an indication of differences in eating behavior and PVT between day and 

night shifts. Ongoing analyses including all measures of exposure and lifestyle changes will provide 

perspective on the interpretation of these differences. 
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Natural light is free, ecological, safe and healthy. Exposure to bright daylight can induce an acute alerting 

response and improve cognitive functioning through neuromodulation of sleep-wake, circadian, 

physiology. The efficacy of light stimulation is dependent on the time-of-day it is administered and 

individualôs chronotype. We explored the interaction between attentional abilities and exposure to 

daylight in the morning hours (compared to office light), as a function of individualôs chronotype, using 

simple and four-choice reaction time tasks - Deary-Liewald computerized reaction time task in healthy 

young adults. Sleep-wake behavior (chronotype) and sleep quality were subjectively and objectively 

assessed using questionnaires (MEQ, PSQI) and over-night actigraphy. Each participant experienced both 

light conditions ï daylight or office light 45 min exposure prior to RT tests - on different days of testing, 

in a cross-over design. Our results show that: (i) on average, when tested under office light condition, 

evening chronotype persons were slower in reaction time tasks as compared to non-evening persons; (ii) 

exposure to bright day light prior to RT testing closed the gaps in attention abilities, both simple and 

sustained, between the groups. We conclude that exposure to natural bright light during morning hours 

may selectively upregulate visual attention in the evening chronotype persons.  Given that bright daylight 

is almost an unlimited resource, the current experiments provide a data base to model and advance the 

understanding of the interactions between complex behavioral phenomena, - simple and sustained 

attention, - and chrono-biological factors mediated by light.  
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This study tries to investigate the current relationship between the habit to use mobile phone and the 

diurnal type scale and sleep habit in Japanese students. An integrated questionnaire was administered to 

555 students aged 18-30 years old attending university and medical training schools for physical 

therapists and medical nurses (average age: 19.8±1.6 years) in 2015. Integrated questionnaire included 

questions on sleep habits, the circadian typology, mental health (out of emotion-control, anger, irritation, 

depression), meal habits, the diurnal type scale (Torsvall&Åkerstedt, 1980). Most of all students have 

their own mobile phones and 96% of their phones are ñsmart phonesò. Two hundred and twenty four 

students of 531 ones used their phones within 30 min per one usage, whereas 180 students used it 5-6 

hours per one. There have been significantly no differences in the diurnal type scale scores due to the 

durations of usage per one usage. Students who put their own mobile phones near to their body during 

night sleep occupied 461 of 543 students, and they were much more evening-typed than those who put 

their mobile phones at places far from bed in the same room (p<0.001). In the cases when night sleep 

would almost start, phone calls could come from some person, 102 students of 537 ones soon responded 

to it, whereas 200 ones checked the call but did not respond and felt in sleep. These 302 students were 

much more evening-typed than 230 students who did not mention this call without checking it and felt in 

sleep (p<0.001). The usual life by the students aged 18-30 years seems to depend on the usage of smart 

phones very strictly and may strongly relate to sleep habits and also night usage of smart phones are 

possible to enhance the evening-typed life.  
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Objectives: Flexible working hours is common and recovery times between shifts vary extensively. It 

seems obvious that shorter recovery times curtail sleep duration, but there is a poor understanding of how 

time of day affects this relationship. 

 

Methods: The analyses were based on diary and actigraphy data from 328 subjects in 14 data collections 

at 11 work sites in Sweden, Finland and Australia, totally rendering data on 4000 sleep episodes. The 

recovery times between shifts were used to predict sleep duration before morning, evening and night 

shifts using multilevel mixed effects modeling. 

 

Results: Sleep duration was strongly associated to recovery times between shifts, particularly before 

evening and night shifts (b=+.31 hours of total sleep time for each hour of recovery time, p=.012; and 

b=+.34 hours, p<.001, respectively). More recovery time before morning shifts was also a significant 

predictor of sleep duration (b=+.12 hours, p<.001), but this amount of sleep seemed more affected by 

schedule specific factors, e.g. the starting time of the morning shift. In addition, sleep duration was 

strongly affected by work site and individual differences.  

 

Conclusions: Sleep duration prior shifts are curtailed by a number of factors including 1) short recovery 

times between shifts, 2) circadian influences (most dramatically shortened prior evening and night shifts), 

3) shift specific aspects (e.g. change-over times), and 4) individual differences. It is recommended to 

avoid recovery times shorter than 12 hours off between shifts, since it drastically increase the amount of 

workers having curtailed sleep. 
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Female gerbil (Meriones unguiculatus) has been reported to possess a photoperiod influenced 

reproductive state.  A mainly nocturnal or bimodal activity rhythm have been described for male gerbils 

when subjected to different light lengthened day, this discrepancy could be due to photoperiod 

physiological plasticity response. The aim of this study was to describe the estrous phases duration under 

several photoperiod conditions.  Estrous cycle (EC), has been analyzed mainly under a12hr:12hr light(L) 

dark(D) photoperiod, and reported as mostly irregular. For female gerbils an annual bimodal reproductive 

cycle has been reported, maybe correlated to lengthen of the day in their natural habitat. Here, female 

gerbils were exposed to 8:16, 12:12, 14:10 and 16:8LD conditions.  The EC were monitored by vaginal 

smears every four hours (ZT) through 3 consecutive cycles, where ZT0 was the light onset, and ZT2 the 

first sample-point. Our results show that EC has a duration between four to five days when in 14:10LD. 

Meanwhile, for 8:16, 12:12, and 16:8LD conditions the EC was irregular and mainly unstable with a 3-9 

days span duration. As for the phases, we observe changes in their duration, when compared to 14:10 

diestrous ( 47hr) increased its length under 8:16 (60hr), and 12:12 (61hr) LD; estrous duration for 

14:10LD was of 16hr, meanwhile in 16:8LD it was extend to 28hr. A phase-shift was reported for 

estrous setting ie ZT2 in16:8 LD, and ZT22 in 8:16LD when compared to 12:12 and 14:10LD (ZT6). 

These results suggest that a similar physiological plasticity response regulates those mechanisms involved 

in estrous cycle control. 
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In rodents, the female reproductive system is tightly connected with circadian timing. Precisely timed 

signals from the suprachiasmatic nuclei (SCN) are needed to trigger a cascade of neural activation and 

endocrine processes that are part of the estrous cycle. Consequently, circadian disruption has been shown 

to lead to decreased fertility. For example, mice exposed to repeated 6 hour advances (chronic jet-lag; 

CJL) have fewer successfully completed pregnancies than un-shifted controls.  

We have developed a mouse model of increased circadian flexibility that expands the range of 

entrainment and markedly reduced behavioral jet-lag after phase shifts. Using dim light as night (<0.1 

lux), as compared to complete darkness, mice rapidly and robustly entrained to 18h light:dark-cycles 

(T18; LD13:5). Here we tested the hypotheses that our model of increased flexibility can prevent 

subfertility in non-24h environments. In study 1, we compared breeding success between T18, positive 

controls (T24) and negative controls (CJL). In study 2, estrous cycle length and stability were compared 

between mice entrained to T24 and T18 using vaginal lavage. 

In contrast to earlier studies, we found no evidence of impaired reproduction as a consequence of 

circadian disruption. Neither mice entrained to T18, nor CJL-mice had decreased number of litter, number 

of pups per litter or pup weight compared to T24.  

Estrous cycles in mice adapted to T18 were on average 1 day longer than cycles of mice entrained to T24. 

These findings could lead to the development of an interesting model to study ovulatory control and 

interactions between hypothalamic circuits. 
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Organisms living in temperate climates are exposed to seasonal differences in photoperiods, 

thermoperiods, and average daily temperature. In response, organisms may modulate their biology in a 

seasonal manner. The Anopheles stephensi mosquito is a sub-tropical southern Asian malaria vector that 

displays predominantly nocturnal behavior; a very pronounced nightly onset of activity; and interestingly, 

a shift to earlier nightly biting time during the colder winter months. In the laboratory, we observe a 

similar shift towards earlier onset of flight activity in the winter, which is demonstrated by alternating 

simulated winter and summer environmental temperatures and photoperiods. To investigate what specific 

cue might be driving this seasonal shift in biting/activity onset time, we generated actograms of 

mosquitoes under different static temperatures and humidities, photoperiods, thermoperiods, amplitudes 

of daily temperature cycles, and thermoperiod/photoperiod (dys)synchronies. Surprisingly, we find that 

neither static ambient temperature nor photoperiod shifted the onset of activity. However, altering the 

amplitude of the daily thermocycle did result in a shift in onset of activity, but a summer photoperiod and 

a winter temperature amplitude could not induce a shift to a full winter phenotype. Further, a desynchrony 

between temperature and light (e.g. a winter thermoperiod and summer photoperiod) also shifted onset of 

activity earlier, but again not to the extent of a full winter phenotype. Our results indicate that nightly time 

of onset in this species is highly plastic, and incorporates input from photoperiod, thermoperiod, and daily 

temperature cycles. 
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Phodopus Sungorus is an animal that has adapted its reproduction according to the seasons, being 

sexually active during long summer days (LD) and inactive during short winter days (SD). Moreover, 

their body weight and food intake, two metabolic parameters, are also under photoperiodic regulation, 

with decreased body weight (BW) and food intake (FI) in SD. In parallel, kisspeptin (Kp) and RFRP3, 

two hypothalamic neuropeptides involved in the central control of reproduction, show a strong 

photoperiodic variation.  

Since the hypothalamus is a key structure not only for the central regulation of reproduction, but also for 

energy metabolism, we wondered whether the variation in RFRP3 and Kp could also be involved in the 

photoperiodic regulation of the hamsterôs BW and FI. To test this hypothesis we challenged the SD-

adapted hamsterôs metabolism with a chronic infusion of Kp or RFRP-3. Our data indicate that RFRP3 

displays significant metabolic effects inducing an increase in FI, BW and plasma leptin. Chronic Kp also 

increased BW, an effect that appeared to be sex hormoneïrelated because castration blocked the effects of 

Kp on BW gain.  

In order to investigate the central targets of Kp and RFRP3, we performed acute injections of  RFRP3. 

Our results of the in situ hybridization analysis confirmed the acute orexigenic effect of RFRP3 as 

indicated by the increased NPY and orexin mRNA expression. On the other hand chronic infusion of Kp 

caused a regulation of POMC mRNA in the same direction as that of LD control animals. 

Altogether our data suggest that Kisspeptin and RFRP3 modulate seasonal energy metabolism probably 

via two different mechanisms; kisspeptin acting through the POMC neurons and in a sex steroid-

dependent manner, whereas RFRP3 increases food intake and body weight modulating lipid metabolism 

via the activation of the NPY-Orexin system. 
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Animal studies have shown that genetic modification of the molecular clock can induce metabolic 

syndrome, and that increasing clock rhythm amplitude with the small molecule nobiletin is an effective 

treatment for obesity and type 2 diabetes. There is no evidence so far of altered molecular clock rhythms 

in humans with the metabolic syndrome.  

We compared diurnal mRNA expression profiles in subcutaneous adipose tissue, between obese patients 

with type 2 diabetes and age-matched healthy lean control subjects, using RNA sequencing and Ingenuity 

Pathway Analysis. We also assessed the diurnal rhythm in postprandial glucose tolerance. All subjects 

received three identical mixed meals per day at evenly spaced time points.  

In patients, 1.8% (303 transcripts) of expressed transcripts showed significant diurnal rhythms, compared 

to 8.4% (1421 transcripts) in healthy subjects. The core clock genes showed reduced amplitude rhythms 

in patients compared to healthy subjects. 184 genes showed a rhythm in both groups, and enriched 

canonical pathways for these common rhythmic genes included circadian rhythm signaling and 

adipogenesis. In patients, many genes of the metabolic canonical pathways AMPK signaling and cAMP 

mediated signaling showed a loss of diurnal rhythmicity. Furthermore, patients with type 2 diabetes 

showed a complete loss of the diurnal rhythm in postprandial glucose excursions.  

We provide the first evidence of decreased diurnal rhythms of clock genes and metabolic pathways in 

subcutaneous adipose tissue of obese patients with type 2 diabetes.  
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Recent evidence points to a critical role of the time-of-day in the regulation of leukocyte recruitment to 

tissues. Using in vivo quantitative imaging analyses across the day in inflammatory scenarios, we 

observed circadian (~24h) leukocyte recruitment in arteries and veins of the macro- and microvasculature. 

Interestingly however, while in arteries the number of adherent cells peaked in the morning, in veins it 

peaked at night. These differences were functionally associated with a vessel-type-specific oscillatory 

pattern in the expression of the adhesion molecule ICAM-1 but not of other promigratory molecules or 

clock genes. ICAM-1-deficient mice lacked rhythmic leukocyte adhesion in both arteries and veins, 

which was also observed in studies using functional ICAM-1-blocking antibodies. Since the sympathetic 

nervous system (SNS) is an important orchestrator of rhythmicity in peripheral tissues, we disrupted the 

SNS systemically by 6-OHDA treatment. This resulted in a lack of oscillations in both arteries and veins. 

To assess the functional role of direct sympathetic innervation in this process, we surgically denervated 

sympathetic input to vessels locally by unilaterally cutting the superior cervical ganglion. While the 

contralateral, nerve-intact sides still exhibited rhythmicity in both leukocyte adhesion and ICAM-1 

expression, local denervation resulted in a loss of oscillations. Similar results were obtained by 

administration of beta adrenergic receptor antagonists. Interestingly, when using Ng2Cre x Bmal1flox/flox 

mice, in which the core clock gene Bmal1 and thus rhythmicity was selectively deleted in arteriolar Ng2+-

pericytes, an ablation of the oscillations was observed in both arteries and veins. Thus, using 

pharmacological, surgical and genetic approaches, our data point to an important role of arteries in 

regulating rhythmic leukocyte recruitment to veins.  
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Cell and animal studies have demonstrated that circadian rhythm is governed by autonomous rhythmicity 

of clock genes. Although disturbances in circadian rhythm have been implicated in metabolic disease 

development, it remains unknown whether muscle circadian rhythm is altered in human models of type 2 

diabetes. Here we used human primary myotubes (HPM) to investigate if rhythmicity of clock- and 

metabolic gene expression is altered in donors with obesity or type 2 diabetes compared to metabolically 

healthy donors. HPM were obtained from skeletal muscle biopsies of four groups: type 2 diabetic patients 

and their BMI- and age-matched obese controls and from lean, healthy and young endurance trained 

athletes and their age-matched sedentary controls. HPM were differentiated for 7 days before 

synchronization by serum shock followed by gene expression profiling over the next 72 hours. HPM 

display robust circadian rhythms in clock genes, but REVERBA displayed dampened rhythmicity in type 

2 diabetes. Furthermore, rhythmicity in NAMPT and SIRT1 expression was only observed in HPM from 

trained athletes. Rhythmicity in expression of key-regulators of carbohydrate and lipid metabolism was 

modest. We demonstrate that in human skeletal muscle REVERBA/B, NAMPT and SIRT1 circadian 

rhythms are affected in donors of sedentary life style and poor health status. 
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Obesity is a critical risk factor for a number of chronic diseases including diabetes mellitus type 2, 

cardiovascular diseases and cancer. Accordingly, adipose tissue biology has received increased attention. 

White adipose tissue (WAT) is now identified as a dynamic organ regulating body weight-, glucose 

homeostasis and systemic inflammation. Importantly, WAT underlies the hierarchy of the circadian 

system. It is known that feeding is a major synchronizer of the circadian clock in peripheral tissues. Little 

is known, however, about the underlying mechanisms. We tested, whether the postprandial hormone, 

insulin, can influence circadian dynamics in adipose tissue and in adipocytes specifically. Using 

epididymal fat of PER2::LUCIFERASE knockin reporter mice we show a substantial increase of PER2 

protein expression after insulin stimulation. Further, we observe a subsequent shift in the circadian 

rhythmicity of PER2, whose extent is dependent on the phase of insulin stimulation. We also show that 

per2 mRNA expression is up-regulated upon insulin treatment in 3T3L1 adipocytes. This implies that 

insulin synchronizes the clock on both protein and mRNA level. We hypothesized that insulin acts on 

Per2 expression via the cAMP response element (CRE) located in the per2 promoter. Our data show, 

however, that insulin mediated induction of per2 expression is likely be mediated by other factors. The E-

Box located upstream of the transcriptional starting site seems as well to not play a role in the regulation 

of per2. Using truncated reporter constructs we tested which of the per2 promoter regions are important 

for the insulin-mediated induction to illuminate feeding mediated clock-synchronizing pathways. 
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The zebrafish (Danio rerio) has figured prominently as a vertebrate model for studying circadian clocks 

and sleep.  It is known that both the homeostatic process (S) and the circadian process (C) contribute to 

regulation of sleep homeostasis. While we have a good understanding of circadian regulation, relatively 

little is known about molecular mechanisms underlying circadian regulation of sleep homeostasis and/or 

interaction between the circadian clock system and sleep. Here we reported characterization of zebrafish 

period3 (per3) null mutants generated by TALEN. Locomotor assays showed that per3 mutant fish 

display 0.5-hour shortened period and approximately 3-hour phase advance compared with wild types 

under constant dark, and are completely arrhythmic under constant light; and also per1a, per1b and per2 

are down-regulated in per3 mutant fish; indicating that per3 is essential for zebrafish circadian regulation. 

Intriguingly, per3 mutant fish display less sleep time, elevated arousal threshold and difficulty to restore 

sleep after sleep deprivation. As shown by ELISA, the GABA level is reduced while the histamine level 

is increased in per3 mutant fish at night-time, indicating that the disturbed sleep pattern of per3 mutant 

fish may be resulted from altered levels of endogenous GABA and histamine. Deep sequencing-based 

transcriptome analysis leads us to focus on two candidate genes, GABA A receptor gene rho2a and 

histamine decarboxylase gene hdc, both up-regulated in the per3 mutant fish. Luciferase reporter assays 

showed that both rho2a and hdc are circadian clock-controlled genes and Per3 negatively regulates their 

expression. Taken together, these results ascertain Per3ôs essential roles in the zebrafish circadian system, 

demonstrate that Per3 acts through both histamine signaling and GABA signaling to contribute to sleep 

regulation, and provide an ideal sleep disorder vertebrate model for drug screen and pathogenesis 

analysis. 
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ABSTRACT Nonsense-mediated RNA decay (NMD) is a crucial post-transcriptional regulatory 

mechanism that recognizes and eliminates aberrantly processed transcripts, and mediates the expression 

of normal gene transcripts. In this study, we report that in the filamentous fungus Neurospora crassa, the 

NMD factors play a conserved role in regulating the surveillance of NMD targets including PTC-

containing transcripts and normal transcripts. The circadian rhythms in all of the upf1-3 knockout strains, 

which are critical NMD factors, were disrupted. The upf1 knockout strain displays a shortened circadian 

period, which can be restored by constantly expressing exogenous UPF1. UPF1 regulates the circadian 

clock by modulating the splicing of the core clock gene frequency (frq) through spliceosome components 

and Arginine/serine-rich splicing factors, which partly account for the short periods in the upf1 knockout 

strain. We also demonstrated that the clock genes including WC-1, WC-2 and FRQ are involved in 

controlling the diurnal growth rhythm, and UPF1 may affect the growth rhythm by mediating the FRQ 

protein levels in the daytime. These findings suggest that the NMD factors play important roles in 

regulating the circadian clock and diurnal growth rhythms in Neurospora. 

 

KEYWORDS  NMD; Neurospora crassa; circadian clock; frq; alternative splicing; diurnal rhythm 
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Circadian clocks are intrinsic, time-tracking systems that enable organisms to anticipate environmental 

changes and allow them to adapt their behavior and physiology to the appropriate time of day. Daily 

behavior that are asynchronous with the natural light/dark cycle, such as shift work, jet lag and sleep 

deprivation, which are called chronobiology disorders, have been strongly and consistently associated 

with a number of chronic diseases, including diabetes, heart disease, cancer, obesity and some other 

metabolism diseases. As a key member of the core circadian network, cryptochrome (CRY) directly 

inhibits the expression of phosphoenolpyruvate carboxylase (PCK1) and glucose-6-phosphatase (G6PC), 

two essential molecules involved in the gluconeogenesis program in the metabolic network. Until now, 

several molecules are found to regulate circadian network, most of them are period-lengthening ones. 

Period-shortening molecules are less common with unclear mechanism. Here, we identified potential 

allosteric regulation sites of CRY1 based on its crystal structure and molecular dynamics simulations, and 

use structure-based virtual screen to discover circadian modulators, especially the period-shortening 

modulators. Three period-lengthening molecules and one period-shortening molecule were discovered 

using the in vitro binding assay and cell phenotypic functional assay. More interestingly, one modulator 

compound caused different phase shift phenotype when applied at different phase time. This suggests that 

we can take medicine at different time when we want to phase delay or phase advance dealing with jet 

lag. Further molecular mechanism and functional analysis of these compounds are under investigation and 

their influences on metabolic diseases will also be explored in the future. 

 

Keywords: Cryptochrome, Circadian clock, Metabolism, Period modulators 
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Cryptochromes (CRYs) as members of the DNA photolyase/cryptochrome family function as 

blue light photoreceptors, circadian clock regulators, or magnetoreceptors in a wide variety of 

living organisms. While mammals possess CRY1 and CRY2 as negative components of the 

circadian oscillator, non-mammalian vertebrates have CRY1, CRY2 and CRY3. The functions of 

CRY3, however, are not well understood. We previously observed that cry3 is rhythmically 

expressed in zebrafish. Here we report characterization of zebrafish cry3 mutants generated with 

TALEN. Both locomotor activity rhythms and rhythmic expression of key circadian clock genes 

are disrupted in cry3 mutant zebrafish, suggesting that Cry3 is required for maintaining zebrafish 

circadian rhythmicity. We also found that glucokinase (gck) and insulin (ins), two key genes 

important in glucose metabolism, are significantly down-regulated in cry3 mutant zebrafish, 

implicating that Cry3 likely mediates circadian regulation of glucose metabolism. gck is tightly 

regulated by the circadian clock via RRE-mediated transcription. Cry3 appears to play roles in 

reducing blood glucose concentrations and improving insulin sensitivity. Taken together, our 

findings show that Cry3 plays important roles in maintaining zebrafish circadian regulation, 

mediates glucose metabolism, and suggest that compounds enhancing Cry3 activity may provide 

therapeutic benefits to individuals with type II diabetes. 
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Animal and human data have suggested that shift work that involves circadian disruption may be 

carcinogenic for humans. Most epidemiological studies, to date, have focused on breast cancer and evidence 

on other common tumors such as colorectal cancer is scarce. This analysis evaluated the association of 

rotating night shift work and colorectal cancer in two prospective female cohorts, the Nurses´ Health Study 

(NHS) and NHS II, with 24 years of follow-up. Colorectal cancer cases were defined as having occurred 

during the period between 1988 and 2012 for NHS and from 1989 through 2011 for NHS II. We evaluated 

rotating night shift work history and colorectal cancer risk, using Cox proportional hazards models adjusted 

for a wide range of potential confounders. A total of  77,470 (NHS) and 113,371 (NHS II) women were 

included in this analysis, after baseline exclusions. We observed a higher not statistically significant risk 

for colorectal cancer with increasing years of rotating night shift work in NHS (1-9 years: HR 1.05 95% CI 

0.94, 1.17; 10-19 years: HR 1.00 95%CI 0.82, 1.22; 20+ years: HR 1.22 95%CI 0.98, 1.66) and NHS II (1-

9 years: HR 0.79 95%CI 0.64, 0.97; 10+ years: HR 1.20 95%CI 0.79, 1.82), compared to day workers. 

Analysis by tumor anatomical site in NHS revealed differences in risk estimates after long-term (15+ years) 

rotating night shift work exposure (combined colorectal cancer: HR 1.10; 95% CI 0.51, 2.37; proximal 

colon cancer: HR 0.99 95% CI 0.74, 1.33; distal colon cancer: HR 1.25 95%CI 0.85, 1.83; rectum cancer: 

HR 1.55 95%CI 1.05, 2.30). We found no overall evidence of an association between ever rotating night 

shift work and colorectal cancer risk. Risk modestly increased with shift work duration suggesting that 

long-term circadian disruption may be needed for colorectal cancer development.  
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Gating of cell division by the circadian clock has been observed in various studies. There is significant 

evidence that circadian rhythms affect the timing of cell division in vivo. Circadian clock disruption, 

either by light or genetic mutations, is linked to alterations in the rate of cell proliferation, apoptosis, 

DNA damage and metabolism, and to cancer predisposition.  Using the NIH3T33C mouse fibroblast line 

we have previously identified a tight coupling between the circadian clock and the cell cycle (Feillet et al. 

2014, PNAS 111:9828-33). In order to understand the mechanism underlying this bidirectional coupling, 

we have studied the impact of circadian clock deregulation on cell cycle progression of NIH3T33C cells. 

To this end, we have knocked down either Bmal1 or Clock, and analyzed timing of cell division at the 

single cell level (confocal microscopy), as well as at population level (FACS analysis). Inactivation of 

either Bmal1 or Clock resulted in a lengthening of the cell cycle, notably S/G2/M phase. Further 

molecular analysis revealed reduced levels of Cyclin B1, an important G2/M regulator molecule, upon 

inactivation of Bmal1 or Clock gene expression. Thus, the observed effect is not specific for BMAL1 or 

CLOCK but for the whole positive limb of the circadian core oscillator. In agreement with these 

observations, a mathematical simulation of the effect of Bmal1 or Clock knockdown on the coupling 

between cell division and the circadian clock also revealed a lengthening of the cell cycle with decreasing 

mRNA levels. In conclusion, in the absence of the positive limb of the circadian clock, cell division takes 

longer and this observed effect is attributable to a delay in G2-M transition. We are currently analyzing 

how the negative limb of the circadian oscillator regulates cell cycle progression. Ongoing experiments 

will further delineate the mechanism behind the coupling between the two cycles. 
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Background: Cancer related fatigue is a frequently reported symptom in survivors of (non-)Hodgkin 

lymphoma (40-60%). It is defined as a distressing, persistent and subjective sense of tiredness or 

exhaustion related to cancer or its treatment, which is not explained by recent activity and interferes with 

daily functioning. A novel and promising intervention to treat this symptom is light therapy. However, the 

working mechanisms explaining the efficacy of this treatment are still unknown. The SPARKLE study 

aims to investigate the efficacy of light therapy as a treatment for cancer related fatigue and to explore 

possible working mechanisms.  

Methods: A multicenter randomized controlled trial will be conducted. Participants will be Hodgkin and 

diffuse large B-cell lymphoma survivors (n=160) with moderate to severe fatigue complaints. Participants 

will be randomized in two groups: the intervention group (n=80) in which participants will be exposed to 

bright white light and a control group (n=80) in which participants will be exposed to dim white light. 

Both groups will complete baseline, post-intervention, three and nine months follow-up measurements 

including questionnaires, actigraphy (7 days), and blood and saliva samples. Blood samples will be used 

to determine SNPs related to circadian rhythms, vitamin D and inflammation markers. Saliva samples 

will be used to measure circadian rhythms of cortisol and melatonin. 

Results: First results are expected in 2018. 

Discussion: This study will provide empirical evidence regarding the efficacy of light therapy for the 

treatment of cancer related fatigue. Moreover, it will provide new insights in the relationship between 

disruptions in circadian rhythms and cancer related fatigue and possible working mechanisms of light 

therapy aiming to decrease fatigue.    
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Circadian clocks and systems pervade almost every cell and tissue in the human body governing the 

temporal homeostasis of a host of physiological processes including growth and metabolism. 

Neuroendocrine signalling provides the inter-tissue circadian cross-talk to synchronise the temporal 

organisation of physiology. Unsurprisingly, disruption of circadian organisation can be associated with 

many diseases, including cancer. Recent findings in animal models suggest plasticity of human circadian 

clocks and systems may be differentially affected by different paradigms of perinatal photoperiod 

exposure [Ciarleglio et al., (2011) Nat Neurosci. 14:25-7]. In humans, the perinatal photoperiod is 

determined by both the season of birth and the latitude of birth. Significant associations between the 

timing (month/season) or the latitude of birth and a wide range of diseases, including cancer, have been 

documented. We hypothesize that photoperiod-associated perinatal light imprinting of circadian clocks 

and systems (PLICCS) can predispose to an increased risk of cancer [Front Oncol. (2017) 7:44:1-5]. We 

systematically reviewed the literature concerning animal models and perinatal light exposure, and cancer 

association with season of birth or latitude of birth in humans. In conclusion, our syntheses support the 

PLICCS rationale [Chronobiol Int (2017) 21:1-20]. Furthermore, comprehensive epidemiological studies 

concerning PLICCS, approximated through combined determinants of perinatal zeitgeber strength such as 

timing and latitude of birth, are warranted. 

  



57 
 

S15.1 

 

How do worms sense sun and moon? Functional Characterization of óNon-Visual Ciliary 

Opsinô as Solar vs Lunar-light sensor 
 

Vinoth Babu Veedin Rajan*1, Enrique Arboleda2, Christopher Gerner3, Robert J Lucas4 and Kristin 

Tessmar-Raible1 
 

* VDS CoBeNe PhD Fellow 
1 Research Platform ñMarine Rhythms of Lifeò, Max F Perutz Laboratories, University of Vienna; 2 CIEE Research 

Statione Bonaire; 3 Institute of Analytical chemistry, University of Vienna; 4 Division of Neuroscience and 

Experimental psychology, University of Manchester 

 

 

Animals use periodic light changes as a zeitgeber to synchronize its biological processes that in turn 

adjust its behaviour. Many, especially marine, organismsô use both solar vs lunar light as a cue for their 

synchronized mass-spawning event. Similarly, Platynereis dumerilii (Pdu) a marine polychaete, uses 

ósolar lightô to entrain its circadian clock that maintains day-night activity and ólunar lightô entrains 

circalunar clock that controls the synchronized mass spawning behaviour. How these animals process 

such complex light environment to maintain their physiology and behaviour is still unknown. 

Platynereis possess opsin-type GPCR as main light sensor, expresses non-visual ciliary opsin (cOpsin1) 

in its deep brain. This enigmatic cOpsin1 is an ancestral homolog of vertebrate pineal opsin and human 

encephalopsin, which also co-expresses with vasotocinergic-neurosecretory cells and central clock 

neurons. Moreover, they form characteristic membrane ramifications throughout dorsal brain area 

suggesting its increased photoreceptive capability. The spectral characterization surprisingly found that 

only cOpsin1 absorbs wavelength peak at 405nm. In addition, analyses from natural environmental light 

data at platynereis habitat revealed that intensity difference in wavelengths (390ï550nm) during FM 

compared to NM serves as a differentiation factor between FM vs NM. These results from spectral and 

natural light data hypothesize that cOpsin1 could play an important role in both solar vs lunar light 

detection. 

In circadian LD/DD condition as well as in acute photoresponse assay, cOpsin1 mutant animals showed 

suppressed nocturnal activity. Moreover, cOpsin1 mutants could also easily modulate animalsô behaviour 

under acute illumination changes compared to WT. Further analyzing its role in circalunar 

photoreception, these mutants re-entrained to FM phase-shift @ 405nm and screen for molecular readout 

using unbiased proteomic approach. As a result, we found that several lunar candidate genes have been 

differentially regulated in cOpsin1 mutants compared to WT. This unbiased perspective proves that the 

novel deep brain photoreceptor ócOpsin1ô acts as both circadian and circalunar photosensor.  
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The intracellular Leishmania parasite uses neutrophils and macrophages as host cells upon infection. 

These immune cells harbour their own intrinsic circadian clocks, which influence many aspects of their 

functions. Therefore, we tested whether the host circadian clocks regulate the magnitude of Leishmania 

major infection in mice. The extent of parasitic infection varied over 24h in bone marrow-derived 

macrophages in vitro and in two in vivo models, footpad and peritoneum infection. In vivo this was 

paralleled by a time of day-dependent neutrophil and macrophage infiltration to the infection site and 

rhythmic chemokine expression. Thus, rhythmic parasitic infection observed in vivo was likely initiated 

by the circadian expression of chemoattractants and the subsequent rhythmic infiltration of neutrophils 

and macrophages. Importantly, all rhythms were abolished in clock-deficient macrophages and when 

mice lacking the circadian clock in immune cells were infected. Therefore we demonstrated a critical role 

for the circadian clocks in immune cells in modulating the time-dependent magnitude of Leishmania 

infection. To our knowledge this is the first report showing that the clock controls infection by protozoan 

parasites in mammals. A better understanding of the timed regulation of host-parasite interactions will 

allow developing better prophylactic and therapeutic strategies to fight off vector-borne diseases. 

 

Funding: Canadian Institutes of Health Research 
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Rhythmic metabolism is achieved in part by clock-controlled gene expression, but certain metabolic 

rhythms are sustained by unknown complementary mechanisms. A fundamental knowledge gap exists 

between circadian gene expression and the biochemical mechanisms that allow rhythmic cellular 

metabolism. Last year, we reported that circadian rhythms in the intracellular concentration of magnesium 

ions act as a cell-autonomous timekeeping mechanism that might provide bilateral feedback between 

clock-controlled gene expression and rhythmic cellular metabolism. Magnesium rhythms were observed 

in evolutionarily diverse eukaryotic cells: a unicellular alga, two mammalian cell types, and a filamentous 

fungus, indicating that the fundamental cell biology that underlies timekeeping and rhythmic metabolic 

regulation is translatable between eukaryotes. In addition to magnesium ions, rhythms exist in other 

intracellular ions, like potassium and phosphates. I will provide an update on how we use unicellular 

eukaryotic model cells as a starting point for comparative biology to identify the mechanisms that 

generate rhythmic ion fluxes, as well as their functional consequences for cellular biology. 
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How biological rhythms influence the interactions between organisms is poorly understood. That 

parasites and hosts display rhythms in behaviours and immunity, suggests that rhythms are important 

in host-parasite interactions. These interactions matter for the outcome of infections, and understanding 

why they have evolved and how they're regulated could lead to innovative disease control 

measures. Malaria parasites have cyclic developmental rhythms that last multiples of 24-hours. The 

survival and transmission of malaria parasites is determined by whether their developmental rhythms 

are synchronised to the hostôs circadian rhythms, but how parasite and host rhythms interact to shape host 

health is poorly understood. We address this using rodent malaria (Plasmodium chabaudi) infections of 

wild type (WT) and arrhythmic clock mutant (Per1/2 double knock out) mice.  We compare parasite and 

host rhythms in WT mice kept in LD and DD, with rhythms observed in mutant mice in DD. Second, we 

compare parasite and host rhythms in group- and singly-housed mice in DD. Finally, we use the mutant 

mice and a restricted feeding regime to decouple host rhythms in feeding from body temperature and 

locomotor activity and examine the consequences for parasite rhythms. We show that: (i) parasites 

maintain normal rhythms in WT and mutant mice in DD, ruling out a circadian oscillator entrained by 

light; (ii)  parasite rhythms match the phase of the hostôs feeding rhythm but not the phase of rhythms 

in activity or body temperature; (ii) parasite development in food-restricted mice is more synchronous 

than in ad-lib fed hosts; and (iv) mutant mice suffer no additional health costs of infection thus 

the intact clock in WT mice provides little obvious benefit in this disease model. We discuss how host 

feeding and social interactions could shape rhythms in parasite development and co-evolutionary 

trajectories between hosts and parasites.  
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Background & Aims:  Sleep preparation/onset are associated with peripheral vasodilation and a decrease 

in body temperature. Cirrhosis of the liver is complicated by splanchnic vasodilation and hyperdynamic 

circulatory syndrome. These may impinge on temperature regulation and sleep preparation, thus possibly 

contributing to the difficulties falling asleep exhibited by these patients. The aim of this study was the 

assessment of skin temperature, in relation to sleep-wake patterns, in patients with cirrhosis.   

Methods: Twelve outpatients with cirrhosis, 13 inpatients with cirrhosis, 11 inpatients without cirrhosis 

and 10 healthy volunteers were recruited. All underwent baseline sleep-wake evaluation and bleeding for 

inflammatory markers and morning melatonin levels. Proximal/distal skin temperature and their gradient 

(DPG) were recorded for 24 hours by a wireless device. Over this period subjects kept a sleep-wake diary.  

Results: Inpatients with cirrhosis slept significantly less well than the other groups. Inpatients and 

outpatients with cirrhosis had higher baseline proximal temperature and blunted rhythmicity compared to 

the other groups. Inpatients with/without cirrhosis had higher baseline distal temperature and blunted 

rhythmicity compared to the other groups. Inpatients and outpatients with cirrhosis had significantly 

lower DPG values compared to the other groups, and DPG reached near-zero values several hours later. 

Significant correlations were observed between temperature and sleep-wake variables and inflammatory 

markers.  

Conclusions: Alterations of distal/proximal skin temperature, their gradient and their time-course were 

observed in patients with cirrhosis, which may contribute to their sleep disturbances. 
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Neurons are capable of fast adaptations that are essential for processes ranging from memory to sleep.  

These adaptations are partly driven by trafficking of RNAs into the dendritic arbor allowing individual 

synapses to rapidly respond to stimulation events by changing synaptic composition and function 

(Steward & Worley, 2001).  In addition, the brain as a whole undergoes global daily oscillations in 

activity.  To coordinate them, living organisms harbor hierarchical diurnal ñcircadianò oscillators that 

synchronize rhythmic gene expression to the environment as well as to the diurnal sleep-wake cycle. For 

example, about 10% of the mouse forebrain transcriptome is circadian, but systematic sleep restriction 

promotes a reduction of this number by 80% (Maret et al. 2007).  How this regulation propagates to 

synapses remains unknown. 

Using biochemical synaptoneurosome purification followed by deep sequencing and label-free mass 

spectrometry, we analyzed the mouse synaptic transcriptome and proteome across the day and evaluated 

the effect of sleep deprivation to dissociate circadian and activity- dependent regulation.  Consistent with 

the highly diurnal variation in synaptic function, we found that almost one half of all synaptic transcripts 

showed robust circadian synaptic regulation and cluster according to phase anticipating light-dark and 

dark-light transitions.  About 30% were controlled uniquely by the circadian clock whereas activity or a 

combination of both explained the other oscillations. Surprisingly, synaptic oscillations do not correspond 

to those in the entire homogenate, implying specific circadian post-transcriptional regulation. 

Interestingly, most proteins had a phase corresponding to and slightly following that of their RNA, 

however the oscillating proteome was completely lost after sleep deprivation. 

These results reveal a synergistic interaction between circadian and sleep-wake cycles regulating the 

synaptic transcriptome and proteome. Altogether, the emerging picture is one of circadian anticipation of 

mRNA needs in the synapse, but only followed by local translation when activity demands it. 

 
Maret S, Dorsaz S, Gurcel L, et al. Homer1a is a core brain molecular correlate of sleep loss. Proc. Natl Acad. Sci. 

USA. 2007, 104 (50) 20090ï20095. 

Steward O, Worley PF. A cellular mechanism for targeting newly synthesized mRNAs to synaptic sites on dendrites. 

Proc Natl Acad Sci USA. 2001, 98 (13) 7062ï7068. 
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Ultradian rhythms ranging from 2-12 hours, are often co-expressed with circadian rhythms in e.g. 

behaviour, sleep cycles, endocrine physiology, and gene expression. Despite these observations, the 

function and scope of several of these rhythms are currently not well defined, and tangible evidence that 

at least some of these rhythms are intrinsically driven remains mostly unchartered. With a view to 

tackling these issues, we developed a novel, non-spectral approach to unmask ultradian rhythms from 

their circadian background and applied this to existing datasets of hourly transcriptome measures in the 

mouse liver in vivo, and NIH-3T3 cells in vitro, generated by Hughes et al, 2009.  

We validated our approach by confirming 175 out of 323 genes that were previously shown to exhibit 

ultradian rhythms in expression in the mouse liver in vivo, and found an additional 862 ultradian 

transcripts in this dataset. We next describe ultradian gene expression in >900 transcripts in vitro, where 

previous attempts to show this have failed. This constitutes the first evidence in support of endogenous 

driven ultradian rhythm in gene expression. We also provide an objective, unbiased description of the 

unambiguous role that ultradian rhythmicity has in cellular metabolic homeostasis, by showing that 5 out 

of the top-10 Gene Ontology terms of ultradian gene expression overlap between in vivo and in vitro 

condition, which are all involved in cellular metabolism. Sixty genes exhibit ultradian gene expression 

both in vivo and in vitro conditions, 5 of which are involved in the cell cycle. Finally, we describe 

significant enrichments of specific DNA motifs in the promotor areas of these 60 genes, which may act as 

ultradian transcription factors.  

These results firmly establish ultradian rhythms in gene expression as a bona fide biological rhythm, and 

offer a clear and convincing role for these rhythms in cellular metabolism. 
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Muscle is the most important tissue for glucose uptake and accumulating evidence indicates that targeting 

muscle functioning could prevent and treat type 2 diabetes mellitus (T2DM). Glucose metabolism also 

appears to be under control of the biological clock. Night-shift workers have an increased risk of T2DM, 

suggesting that disturbing normal sleep/wake patterns could affect glucose metabolism.  

To examine the effects of timing of feeding on glucose metabolism, rats were subjected to ad libitum 

(AL) or time-restricted feeding (TRF) during the light or dark period. Whole body metabolism was 

evaluated using calorimetric cages. Expression patterns of molecular clock genes and genes associated 

with glucose metabolism in muscle, collected at 3h intervals throughout a 24h period, were investigated 

using qPCR. Glucose tolerance was tested during both the light and dark period using an intravenous 

glucose tolerance test (ivGTT). 

The amplitude of the respiratory exchange ratio (RER) was increased for all TRF groups, especially due 

to a stronger decrease during the fasting period. In the light fed groups rhythmic expression of all 

molecular clock genes tested, including Bmal1 and Per2, was abolished. Conversely, genes associated 

with glucose metabolism like Pdk4 and Ucp3 showed shifted rhythms during light period TRF. 

Additionally, TRF dampened the normal day/night difference in glucose tolerance seen in AL fed animals 

(day/night difference in ivGTT area under the curve (AUC) for AL p=0.0015; p>0.05 for Light and Dark 

fed groups; unpaired t-test). 

These data indicate that the muscle molecular clock is altered by TRF and that these changes are 

accompanied by altered whole body metabolism and glucose tolerance.  

 

1. Conflict of interest: The authors declare no conflict of interest. 

2. Funding: This project is funded by a TOP grant from ZonMw and is part of a collaboration between the 

University of Amsterdam (AMC) and Maastricht (MUMC). 
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Background:  

Accumulating evidence suggests that the biological clock is an important player in cardiometabolic 

health. Disruption of circadian rhythm by means of shift work is associated with obesity, dyslipidemia 

and cardiovascular disease in humans. In addition, a dominant-negative mutation in the Clock gene 

induces dyslipidemia in Apoe-/- mice. However, causality between circadian disruption upon shift work 

and atherosclerotic lesion development has not yet been established. Therefore, the aim of this study was 

to investigate whether mimicking shift work by chronically alternating light cycles directly affects lipid 

metabolism and atherosclerosis development in APOE*3-Leiden.CETP mice. 

Methods:  

APOE*3-Leiden.CETP mice were fed a Western-type diet containing 0.1% cholesterol for 15 weeks, 

during which they were exposed to either a regular light-dark (LD) cycle, or a weekly alternating light-

dark (LD-DL) cycle to mimic shift work. Hereafter, plasma cholesterol was determined, histological 

analysis of the aortic root was performed to evaluate atherosclerosis, and a Sysmex hematology analyzer 

was used to assess white blood cell counts. 

Results: 

After 15 weeks, total plasma cholesterol was not significantly different between the LD (12.9±3.6 mM) 

and LD-DL (14.3±2.8 mM) groups. However, LD-DL mice had substantially larger atherosclerotic 

lesions (+84%; P<0.01) that were more severe (that is, type IV-V; +117%; P<0.001) compared to LD 

mice, indicating an increased risk for cardiovascular disease. Furthermore, LD-DL mice showed a 

decrease in circulating white blood cells (-44%; P<0.05) compared to controls. While circulating 

monocyte counts dropped in LD-DL mice, the atherosclerotic lesions showed an increase in macrophage 

content (+33%; P<0.05). These data suggest increased infiltration of monocytes into the lesions with 

depletion of circulating monocytes as a result. 

Conclusion:  

We are the first to show that disruption of circadian rhythmicity by mimicking shift work directly 

aggravates atherosclerosis development. Our current aim is to further elucidate underlying mechanisms, 

focused on the immune system. 
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Background. Daily cyclic changes in environmental conditions are key signals for anticipatory and 

adaptative adjustments of most living species, including mammals. Cold exposure increases the 

thermogenic activity of brown adipose tissue (BAT) and skeletal muscle (SkM). Given that the 

components of the molecular clock interact with thermal and metabolic mechanisms directly involved 

with the defense of body temperature, the present study intends to evaluate the interdependence of 

homeostatic and circadian-related mechanisms in response to a cold stimulus in distinctive moments of 

the day. Methods. Male Wistar rats were subjected to a single episode of 3 h cold ambient temperature 

(4°C) in 6 time-points. Metabolic rate, body temperature, locomotor activity, feeding and drinking 

behavior were recorded during cold at each time-point. Immediately after the stimulus, rats were 

euthanized and both tissues were collected for rtPCR analysis of interest genes. Results. Cold exposure 

during the light phase resulted in a slight hyperthermia that was not related to differences in the increased 

locomotor activity. The typical increased metabolic rate occurred regardless of time-of-day. Curiously, 

the well-known shift in substrate oxidation towards fat metabolism was attenuated during the inactive 

phase. These changes were followed by tissue-specific adjustments to both cold and time-of-day in core-

clock genes expression, such as DBP and REV-ERBŬ in the BAT and CLOCK, PER1, CRY1, CRY2 and 

REV-ERBŬ in the SkM. Besides, different pathways in substrate oxidation and thermogenesis were also 

simultaneously tissue-specifically affected by time-of-day and cold. Conclusion. In summary, our results 

strongly suggest interdependence between homeostatic adjustments to environmental challenges, the daily 

rhythms in thermal balance and behavior and the core components of the molecular clock. 

 

Funding: CAPES, CNPq and ZonMw 
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Purpose Longtime work and short sleep is widely observed in Japan. Also, nocturnal lifestyle has been 

popular among young people. Nocturnal lifestyle has been reported to cause disturbance of the circadian 

rhythm and various health problem. Meanwhile, to improve the longtime work and short sleep Morning-

Focused Working System (MFWS) which closes the work before 20:00 is introducing in some Japanese 

corporations. MFWS may improve circadian rhythm and cause good health. Therefore, the aim of our 

study was to clarify the influence of MFWS to circadian activity rhythm, sleep and health related quality 

of life (HRQOL). 

Objects and Method 30 employees engaged in MFWS (MFWS group) and 30 students living in 

nocturnal lifestyle (Nocturnal group) were participated in Study1 and Study2. In Study1, both group 

measured circadian activity rhythm using by Life recorder. To assess circadian activity rhythm, we gained 

cosine regression curve by using cosior method from ZC and METs data. Also, we compared following 

three parameters from this model between both group; MESOR (a rhythm-adjusted mean), amplitude and 

acrophase (time at which the maximum value in the cosine curve). In Study 2, both groups have been 

measured Pittsburgh Sleep Quality Index [PSQI], Morningness- Eveningness Questionnaire [MEQ], 3 

Dimensional Sleep Scale [3DSS] and SF-36v2. 

Result Study1: Acrophase, sleep onset/offset time and breakfast time were significantly advanced and 

amplitude was significantly low in MFWS group. 

Study2: Daytime sleepiness score of PSQI was significantly low and MEQ score and phase score of 

3DSS was significantly high in MFWS group. In SF-36v2, the score of general health, vitality, 

physical/mental component summary were significantly high in MFWS group. 

Conclusion It was suggested that MFWS group had advanced circadian activity rhythm, advanced sleep 

phase, regular sleep and high HRQOL. Therefore, MFWS might contribute to produce the physiological 

activity rhythm, leading good sleep and physical/mental health. 
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The decision of the International Agency for Research on Cancer (IARC) in 2007 to classify shift work as 

ñprobably carcinogenicò (class II) was based on mechanistic evidence in animals rather than evidence in 

humans. Further well conducted epidemiological studies were called for to ótestô this mechanism in 

humans. Up to now, most epidemiological studies have been restricted to lifetime duration of night work 

or similar exposure definitions. Circadian disruption, the proposed mechanism underlying potential health 

effects of shift work, has thus far not been included. 

In a large cohort of almost 60.000 female nurses (around 35% of the total population of Dutch nurses), the 

Nightingale Study, we aim to develop a methodology to assess circadian disruption at an individual level. 

As suggested by Erren et al., circadian disruption may occur when an individual is awake during his/her 

ñbiological nightò, which is based on the individualôs chronotype. By combining extensive self-reported 

job history information with various aspects of the internal biological clock, such as preferred sleep and 

wake times, we will estimate the lifetime number of hours worked during the individual biological night. 

Hereby we will obtain individual estimates for circadian disruption caused by shift work. In addition, we 

will also take in account SNPs in circadian genes for optimizing chronotype assessment. 

Circadian disruption exposure may very well occur outside of work activities (e.g. caring for young 

children at night). Thus, the extent of the exposure may be broader than only paid work activities, and 

may be applicable to not only workers, but to the entire population. The current proposed approach will 

enable personalized circadian disruption assessment by combining information on the internal clock and 

the external demands. This will allow researchers to develop study designs for investigating potential 

health effects of exposures involving circadian disruption. 
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Objective:  

Long-term daylight deprivation such as during the Antarctic winter has been shown to lead to delayed 

sleep timing and sleep fragmentation. We aimed at testing whether retinal changes occur concomitantly 

with changes in sleep and circadian rhythms during long-term daylight deprivation. 

 

Methods: 

The study was performed on two Antarctic bases: Concordia (European Space Agency; 3200 m above sea 

level) and Halley VI (British Antarctic Survey; sea level). A total of 25 healthy crew members from both 

bases participated in the study (mean age: 34 ± 11 yrs; 7 f). Rest-activity cycles were continuously 

monitored by activity watches. Weekly pupil recordings were preceded by 10 min of dark adaptation, 

followed by a bright 1 s narrow-bandwidth blue light stimulus. The post-illumination pupil response 

(=PIPR; as suggested marker for melanopsin activity) was the main outcome measure. The data were 

collapsed into monthly bins for analysis; i.e. one month before the last sunset, 3-monthly bins during the 

dark period, and again in the first and second months after the sun came back (without differences 

between both stations). 

 

Results: 

Sleep and wake times (as assessed from rest-activity recordings) were significantly delayed after the first 

month without sunlight (p<0.05). Circadian rhythm analysis revealed a significantly decay of intra-daily 

stability, indicating more fragmented rest-activity rhythms during the dark period. The PIPR significantly 

increased until the end of the dark period (p<0.05), that means a greater sensitivity to bright blue light 

stimuli with slower re-dilation. 

  

Conclusions: 

Our results suggest that during long-term daylight deprivation, circadian rhythm stability decreases and 

phase is delayed, whereas retinal sensitivity to blue light increases. This suggests lowered zeitgeber 

strength by ambient light and may lead to greater vulnerability to low electrical light at the wrong time 

due to greater retinal reactivity. 

 

Funding: Federal Ministry for Economic Affairs and Energy (BMWi) and the German Aerospace Centre 

(DLR) and Intellux GmbH, Germany. 
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School starts between 7 and 8 am in many countries. While this early start is in line with the normally 

early circadian phase of younger students, it clashes with the often late circadian phase and thus 

extremely late bedtimes of adolescent students. Consequently, adolescents accumulate a substantial 

amount of sleep loss over the school week and suffer from Ăsocial jetlagñ. This can impair their health, 

cognitive performance and career prospects. Nonetheless, early school start times for adolescents are 

largely maintained ï for a scarce body of evidence that delaying them alleviates the problem. 

We therefore monitored the associated changes in sleep, circadian rhythms and grades, when in February 

2016 a high school in Aachen, Germany, introduced ñflexi timeò for their senior students, allowing them 

to choose daily between an 8- or 9-am-start. Using actimetry (N=42) and sleep diaries (N=70), we 

followed students aged 15-19 for 3 weeks before and 6 weeks into the flexi-system. Both subjective and 

objective sleep measures show clearly that nearly all participants benefited from a 9-am-start compared to 

an 8-am-start. Independent of chronotype, participants slept on average one hour longer on 9-am-days 

since sleep onset remained unchanged but sleep offset became later. On 9-am-days, participants had to 

rely less often on their alarm clock to wake up in the morning and subjective sleep quality improved. 

Furthermore, although students chose the 9-am-option only twice per week on average, social jetlag was 

significantly reduced because weekend sleep timing was advanced. Preliminary analyses of our follow-up 

study indicate that the positive sleep effects of delayed school start times persist one year into the flexi-

system. A longitudinal analysis of grades will shed light on whether this translates to a change in 

academic performance.  

Based on our findings and feedback from teachers and students we recommend later school start times for 

adolescents. 
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We have recently identified a novel plasticity protein, doublecortin-like (DCL), that is specifically 

expressed in the shell of the mouse suprachiasmatic nucleus (SCN) but not in other hypothalamic nuclei. 

DCL is a microtubule-associated protein, implicated in neurogenesis and in structural re-arrangements of 

the microtubule cytoskeleton enabling dynamic movements of cell bodies and dendrites. In addition, DCL 

is involved in oxidative phosphorylation and ATP synthesis. 

We have inspected DCL expression in the SCN by confocal microscopy and found that DCL expressing 

cells overlap with vasopressin (VP)-expressing cells, but we found no co-localization of DCL and VP. 

Instead, DCL is expressed in astrocytes enveloping VP cells. To further investigate the role of DCL in the 

SCN, we have generated transgenic mice expressing doxycycline-induced short-hairpin RNAôs targeting 

DCL mRNA (sh-DCL mice). Compared with littermate wild type (WT) controls, sh-DCL mice exhibit 

significant shorter periods of activity when analysed with passive infrared registration (PIR) sensors (23.7 

hours versus 23.9 hours for WT mice). As VP receptor knockout mice exhibit similar shorter periods and 

as DCL expression overlaps with that of VP in the SCN, we analysed VP expression in sh-DCL mice and 

in their littermate controls. In line with a feedback role of VP, we observed an intricate VP+ neuronal 

network with numerous varicosities in the core of the SCN. Surprisingly, compared with littermate WT 

mice, VP fluorescence was mainly observed in cell bodies with a disrupted VP+ neuronal network in the 

SCN core in sh-DCL mice. In line with this observation are 3D reconstructions showing significant 

increase in volume of VP cell bodies and a significant decrease of VP varicosities. Together, our data 

points to a dorsally-located plastic astrocyte-VP-neuron network that controls circadian activity by 

directing VP transport and feedback to the core of the SCN.  
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Several reports have described excitatory GABA transmission in the suprachiasmatic nucleus (SCN), the 

master pacemaker of circadian physiology. However, there is disagreement regarding the prevalence, 

timing, and neuronal location of excitatory GABA transmission in the SCN. Whether GABA is inhibitory 

or excitatory depends, in part, on the intracellular concentration of chloride ([Clī] i). Here, using 

ratiometric Clī imaging, we have investigated intracellular chloride regulation in AVP and VIP-

expressing SCN neurons and found that [Clī] i is higher during the day than during the night in both AVP+ 

and VIP+ neurons. We then investigated the contribution of the cation chloride cotransporters to setting 

[Clī] i in these SCN neurons and found that the chloride uptake transporter NKCC1 contributes to [Clī] i 

regulation in SCN neurons, but that the KCCs are the primary regulators of [Clī] i in SCN neurons. 

Interestingly, we observed that [Clī] i is differentially regulated between AVP+ and VIP+ neuronsða low 

concentration of the loop diuretic bumetanide had differential effects on AVP+ and VIP+ neurons, while 

blocking the KCCs with VU0240551 had a larger effect on VIP+ neurons compared to AVP+ neurons. 
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Biological clocks control multiple aspects of cell biology and physiology. Until recently, timekeeping was 

thought to be entirely dependent upon clock gene expression cycles, which are observed in nucleated 

mammalian cell types. However, this model was recently challenged by the observation of circadian 

rhythms in isolated mammalian red blood cells (RBCs).  Since these lack nuclei, this suggested the 

existence of a previously uncharacterized, post-translational cellular clock mechanism. In order to 

investigate this alternative mechanism, we have employed a combination of electrophysiological and 

pharmacological approaches to scrutinize the causes and consequences of timekeeping in isolated human 

RBCs. Our studies have indicated highly rhythmic, sinusoidal rhythms in the electrophysiology of 

isolated RBCs.  Using a combination of dielectrophoresis and ICP-MS, we have identified that there are 

rhythms in both K+-flux and intracellular K+ with ca. 24h period.  Furthermore, using ion replacement, we 

show that depletion of extracellular K+ abolishes the rhythm, whilst modulation of these levels produces 

commensurate changes in clock duration.  These results indicate that differential regulation of K+-

transport underlies the circadian rhythms of RBC membrane physiology, and suggest K+-transport may 

potentially contribute to the determination of circadian period in isolated RBCs. Collectively, these 

suggest that in the absence of conventional transcription cycles, RBCs maintain a circadian rhythm in 

membrane electrophysiology driven by dynamic regulation of K+ transport. 
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The master circadian pacemaker in mammals is located in the suprachiasmatic nuclei (SCN) which 

regulate physiology and behaviour, as well as coordinating peripheral clocks throughout the body. 

Investigating the function of the SCN has often focused on the identification of rhythmically expressed 

genes. However, not all genes critical for SCN function are rhythmically expressed. An alternative 

strategy is to characterise those genes that are selectively enriched in the SCN. Here we examined the 

transcriptome of the SCN and whole brain (WB) of mice using meta-analysis of publicly-deposited data 

across a range of microarray platforms and RNA-Seq data. A total of 79 microarrays were used (24 SCN 

and 55 WB samples, 4 different microarray platforms), alongside 17 RNA-Seq data files (7 SCN and 10 

WB). 31,684 MGI gene symbols had data for at least 1 platform. Meta-analysis using a random effects 

model for weighting individual effects scores (derived from differential expression between relevant SCN 

and WB samples) reliably detected known SCN markers. SCN-enriched transcripts identified in this study 

provide novel insights into SCN function, including identifying genes which may play key roles in SCN 

physiology or provide SCN-specific drivers. 
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The central circadian clock, located in the suprachiasmatic nucleus (SCN) of the hypothalamus, generates 

daily oscillations responsible for organising the timing of most behaviours and physiological events in 

mammals. Neural multiple unit activity rhythms and locomotor activity rhythms disappear after SCN 

isolation (SCNi), which severs all nerves originating from the SCN (Inouye and Kawamura, 1979; 

Stephan et al., 1977). This indicates that the neural signal from the SCN is important to regulate circadian 

rhythms. Conversely, it has been reported that the diffusible signal from SCN transplant within the 

semipermeable polymeric capsule regulates circadian behavioural rhythms (Silver et al., 1996). Here, we 

assessed the importance of neural outputs in the circadian system via SCNi. A micro-knife originally 

designed by Dr. Halász (Halász & Pupp, 1965) was inserted into the brain and rotated to create the SCN 

island in adult male C57BL/6J mice. We also had sham-operated mice, where the micro-knife was 

inserted without rotation. Post-surgery, wheel-running activities were recorded under light-dark cycle, 

constant darkness, and 6-h advance or delay shifts. The free-running periods, activity levels, and activity 

onsets were calculated. We identified the site of SCNi by histological analyses after recordings. The 

activity levels in SCNi mice (0.47 ± 0.12 × 104 rev/day (mean ± standard error, SE)) were significantly 

lower than those in sham-operated mice (2.87 ± 0.30 × 104 rev/day). Both groups showed free-running 

rhythms in constant darkness; however, no difference was detected in the free-running period. SCNi mice 

showed fluctuating onsets in light-dark cycle and rapid phase shifts in 6-h phase advance (50% phase 

shift: 0.79 ± 0.28 days in SCNi group; 2.64 ± 0.76 days in sham-operated group). These results suggest 

that the neural signal from the SCN plays an important role in the amplitude and photic entrainment of 

circadian rhythm but not circadian periods. 
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Even in the adult brain, neuronal stem/progenitor cells (NPCs) in the subventricular zone (SVZ) give rise 

to new olfactory neurons which migrate through the rostral migratory stream (RMS) to reach their final 

destination in the olfactory bulb (OB). There is some evidence for a role of the circadian system and/or 

the molecular clock on cell migration in general. This is especially important in the context of 

chronodisruption not only affecting cognitive performance but also the development of cancers in 

humans. Therefore, we analyzed the effect of a disrupted molecular clock in Bmal1-deficient (Bmal1-/-) 

mice on NPC migration. Although proliferation of NPCs in the rostral extension of the SVZ was reduced 

in Bmal1-/-, a significantly higher number of Bmal1-/- NPCs reached the OB as compared to wild type 

littermates (Bmal1+/+). This indicates a higher migration velocity in Bmal1-/-. Bmal1-/- showed 

increased oxidative stress and enhancement of the glial tube surrounding the RMS. Thus, systemic effects 

promote NPCs migration in Bmal1-/-. To further elucidate intrinsic effects of Bmal1-deficiency on NPC 

motility, we analyzed migration velocity and detachment in NPCs isolated from Bmal1-/-. We could 

show that increased migration velocity of Bmal1-/- NPCs is a consequence of high oxidative stress. Thus, 

this study provides evidence for a role of the molecular clockwork in regulating systemic and intrinsic 

properties of NPC migration and consequently neuronal plasticity. 
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The hypothalamic suprachiasmatic nucleus (SCN) plays a critical role in optimising physiology and 

behaviour in anticipation of daily changes in the environment. The mechanisms by which SCN output 

controls downstream physiology are poorly understood, however, one attractive hypothesis is that subsets 

of SCN neurons with distinct timing signatures are specialised to control different physiological processes. 

To explore this possibility, we assessed daily changes in single cell electrophysiological activity across 

some of the major targets of SCN output (the subparaventricular zone and paraventricular nucleus; SPZ and 

PVN) with particular reference to those cells receiving input from vasoactive intestinal polypeptide (VIP) 

expressing cells of the SCN. To this end we performed multielectrode array recordings from hypothalamic 

slices while optogenetically stimulating SCN VIP cell activity (using mice selectively expressing 

channelrhodopsin2 in SCN VIP neurons: Ai32;VIPcre). These recordings revealed a small population of 

cells (~5-10% of total) scattered across the SPZ, PVN and ventral thalamus that exhibited inhibitory 

(GABA-mediated) responses to optogenetic stimulation of SCN VIPergic cells (VIPin+). As a group, 

VIPin+ cells exhibited lowest firing rates across the mid-late projected day, a timepoint when SCN VIP 

cell activity is greatest. Subsequent analysis of individual VIPin+ cell firing rate profiles indicated that most 

cells exhibited relatively brief epochs (~8h) of high firing with peak activity either during the early day 

(~ZT3) or early-mid night (~ZT16).  Collectively our data suggest VIPergic SCN neurons contribute to the 

control of rhythmic electrophysiological activity in the SPZ and PVN. 
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The circadian clock network regulates physiology and behavior in anticipation of daily recurring changes 

in the external environment. In mammals, the suprachiasmatic nucleus (SCN) pacemaker is reset by the 

external light-dark cycle and coordinates subordinate oscillators in central and peripheral tissues to 

regulate physiological rhythms by tissue specific clock-controlled transcriptional programs. While 

surgical SCN lesions abolish circadian rhythms at all levels, altering glucose metabolism and promoting 

weight gain, genetic ablation of SCN clock function has little effect on the regulation of peripheral clock 

gene activity. To study the interaction of SCN- and peripheral clock-derived signals in metabolic 

regulation we compared transcriptome rhythms in epididymal white adipose tissue (eWAT), behaviour 

and glucose metabolism between mice with and without targeted genetic deletion of the SCN clockwork. 

In contrast to behaviour, circadian clock and clock output gene rhythms were largely preserved, while 

metabolic transcripts lost and transcripts associated with innate immunity gained rhythmicity in eWAT of 

SCN clock-deficient mice. In line with this, glucose metabolism and body weight homeostasis were 

preserved in SCN-clock deficient mice under LD, but not DD conditions. 

 

  



79 
 

P.1 

Mechanisms underlying diet-induced circadian reprogramming in the liver 

 
Ribas-Latre, A., Fekry, B., Kwok, C., Mahan-Eckel, K. 

 
Center for Metabolic and Degenerative Diseases, Institute of Molecular Medicine, University of Texas Health 

Center in Houston, 1825 Pressler St, Houston, TX 77030. US. Aleix.RibasLatre@uth.tmc.edu 

 

 

Our internal biological circadian clock entrains to the 24-hour light/dark cycle of the earth and regulates 

our circadian physiology. Studies reveal that circadian disruption (i.e. night shift, rotating shift and jet 

lag) results in metabolic disorders, including obesity and type-II diabetes. This is thought to be due in part 

to tissue-specific clocks being out of synchrony, as peripheral clocks entrain to nutrient input, while the 

brain clock responds predominantly to light. Recently, a high fat diet was shown to reprogram the 

circadian clock in the liver in a BMAL1- and PPARG-dependent manner. Unclear is whether this 

circadian reprogramming is due to nutrients themselves or rather the extent to which hepatic insulin 

resistance ensues. Using a model of diet induced obesity our data reveal that BMAL1-mediated 

reprogramming under high fat diet depends on impaired insulin sensitivity in the liver.  

Methods/Results: Mice were fed one of three diets, two of which resulted in glucose and/or insulin 

intolerance. Animals were tested for energy expenditure, circadian rhythmicity, insulin and glucose 

sensitivity, and BMAL1 expression and chromosomal function. In separate experiments, diet-induced 

obese animals were treated with rosiglitazone (ROSI) to restore insulin sensitivity in the liver. ROSI-

treated animals were tested for glucose and insulin intolerance, followed by analysis of the liver for 

BMAL1 expression, upstream insulin signaling, and chromosomal targeting and function. These 

experiments reveal that nutrient challenge can reprogram the clock in an insulin-dependent manner. 

Specifically, livers which have impaired insulin sensitivity have altered BMAL1 stability, subcellular 

locale, and chromatin effects, which are reversed by restoring insulin sensitivity.  

In summary, nutrients control the hepatic circadian clock in an insulin-dependent way. This result has 

implications for why night and rotating shift workers may have impaired metabolism, with more insulin 

sensitive tissues responding uniquely to alterations in the timing and type of nutrient input.  
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Objective: The present study was aimed to investigate the 24 hours chronomics of BP/HR in terms of 

Acrophase & Hyperbaric index and its relation with circadian rhythm of melatonin sulphate in night shift 

nurses and actual day workers. 

 

Material and Methods: 56 night shift nurses, aged 20-40 years, performing day and night shift duties 

were recruited from the Trauma Center, KGMU, India, and 56 age sex matched actual day workers were 

also enrolled as controls. BP and HR were recorded by ABPM at every 30 min intervals in day time and 

each hour in night time synchronically with circadian rhythm of melatonin sulphate.  

 

Results: In night shift, hyperbaric index (HBI) of mean SBP was found to be increased at 00-03 am 

(midnight) while during day shift, peak was found at 06-09 am. HBI of mean HR was found to be 

increased at 18-21 pm during night shift while in controls, peak was found at 09-12 & again 15-18 pm of 

SBP, DBP & HR. Alterations in Acrophase of BP/HR were very common among night shift workers and 

Ecphasia was found in few night shift workers. Alteration in morning and night melatonin level was also 

found during night shift as compare to their day shift and in actual control group. 

 

Conclusion: Reverse pattern of acrophase and HBI of BP & HR along with comparatively decline in 6-

sulfatoxy melatonin during night shift represents desynchronization. It indicates that the circadian rhythm 

was disrupted during night shift and recovery occurred during day shift. 
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Smoking and nicotine during pregnancy has been associated with several adverse effects on growth and 

perinatal development like fetal suffering, abortion and low birthweight. Nicotine itself can disturb 

hormone patterns, embryo implantation and nutrition through the placenta. Acetylcholine is one of the 

most important signaling brain developmental processes, which can be interfered by nicotine interaction 

with those nicotinic cholinergic receptors (nAChr). The aim of the present study was to evaluate the effect 

of perinatal nicotine administration on the circadian system response, particularly the circadian expression 

of clock proteins BMAL and PER.  BALB/c female mice were given perinatal nicotine diluted in water 

(6mg/kg/day-Slotkin,1995), after offspring delivery, those litters were weighted and developmental 

measures were taken in order to assess the model (Ajarem, 1998), only male offspring was used to the 

experimental protocol. Thirty 45-day old juvenile male mice born from nicotine-exposed dams(NG) and 

30 control mice(CG) were used, six zeitgeber-times (ZT) were chosen starting with the turn on of the 

light, 12:12LD (Light-Dark) photoperiod, ZT0,ZT4,ZT8,ZT12,ZT16 and ZT20, 6  animals from each 

group were chosen and sacrificed at each ZT, brain were removed and  treated for Immunochemistry for 

PER and BMAL into the Suprachiasmatic Nuclei (SCN-master circadian clock in mammals). The results 

demonstrate a significant decrease on PER circadian rhythms for NG, whereas the BMAL circadian 

rhythms does not show significant differences when compared to CG. These results indicate that the 

cholinergic nicotinic system is indispensable for the molecular circadian clock establishment and 

physiological control in the SCN, revealing long-term consequences. Previously we reported that 

circadian locomotor-activity was impaired and its rhythm had difficulty to maintain a period component 

in LD, DD and LL conditions, now we can attest that perinatal nicotine exposure affects per gene 

expression and its PER protein, which could explain the previous described behavior disturbances in the 

circadian locomotor activity rhythm. 
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Generalized anxiety and major depression are becoming increasingly common in the United States. These 

behavioral disorders can be debilitating, and are often correlated with poor general health, life 

dissatisfaction, and the need for disability benefits due to inability to work. Recent evidence suggests that 

these disorders may have a circadian component, and disruptions in circadian rhythms may even trigger 

the development of these disorders. However, the molecular mechanisms of this interaction are not well 

understood.  

The human circadian clock consists of multiple negative feedback loops of key genes, including bmal1, 

clock, per(1,2,3) and the cry genes. Per1 and per2 are necessary for clock function, while per3 is thought 

to be expendable. However, polymorphisms in the per3 gene are associated with behavioral phenotypes 

(extreme diurnal preference in arousal and activity) and sleep/mood disorders, including seasonal 

affective disorder (SAD). We decided to further investigate this connection between per3 and mood 

disorders, specifically investigating anxiety, major depressive disorder, and SAD. First, we provide 

further support for the connection between per3 and mood disorders in a genetic study, using participants 

from Colgate University and Cornell Johnson Business School. In this study, we showed that two per3 

mutations are associated with longer circadian periods and higher Trait Anxiety scores, supporting a role 

for per3 in mood variation. Next, we created a comprehensive circadian clock model, the first to include 

per3, and we used the model to explore a potential mechanism for how per3 influences mood. Our model 

is currently the most predictive circadian model available in the field, and it could be used to predict 

changes in phenotype as more mutations are uncovered. 
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The societal transformation from an agricultural to an urbanised 24 /7 society, reflected in a move from 

natural time to the mechanical clock to the contemporary digital age, has significantly influenced our 

daily biological and social rhythms. Modern technology has fostered an increasing temporal 

fragmentation, heralding an era of flexible time with ever more complex processes of synchronisation. 

These inhumane rhythms conflict with the natural rhythmicity of the human biological clock. 

      

This research investigates the potential of new perceptions of time through the application of uchroniaða 

term derived from the Greek word ou-chronos meaning óno timeô or ónon-timeô, and from utopia, from 

the Greek ou-topos. This research is situated within contemporary debates on the nature of temporality, 

often denoted as time crisis or dyschronia. It investigates uchronia as temporal utopia and in the way it 

generates insights about our knowledge of contemporary temporality. The research develops an original 

uchronian methodology and applications of uchronian thinking in practice-led design research, 

intertwining design, chronobiological and chronosociological research to propose a new area of 

chronodesign. 

      

Through design practice, I explore how scientific research can be translated into lived, aesthetic 

experience. The methods range from critical and speculative design (thought experiments), artistic 

research (unlearning methods), to methods drawn from chronobiological research (zeitgeber method). I 

investigate practical work which challenges thought patterns regarding the temporal structureof 

contemporary life, in which participants explore alternative time-givers or synchronisers, in order to think 

outside the boundaries of clocks and calendars.  

By providing a broadened definition of uchronianism, I aim to establish uchronia as a platform for critical 

thought and debate on the contemporary time crisis, with chronodesign as a practical design initiative.  
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The circadian clock relies on post-translational modifications that set the timing for the degradation of 

core regulatory components and the pace of clock progression. Despite their importance, identification of 

the E3-ligases involved in ubiquitin-mediated degradation of clock components in mammalian models 

remains a daunting task. In fact, ɓ-transducin repeat containing proteins (ɓ-TrCPs) remain the major 

recognition subunits of phosphorylated substrates for most clock proteins, including the circadian factor 

PERIOD 2 (PER2) and mediate ubiquitination and proteasomal degradation. Previously, we established a 

role for PER2 in modulating the stability and function of the tumor suppressor p53 through its ability to 

prevent mouse double minute 2 homolog (MDM2)-mediated p53ôs ubiquitination and turnover. In this 

study, we i) identify the endogenous PER2:MDM2 complex, ii ) map its interaction sites, iii ) establish 

PER2 and ɓ-TrCP1 as target substrates for MDM2, iv) reveal a phosphorylation-independent mechanism 

for PER2 ubiquitination and degradation, v) determine the existence of an MDM2:ɓ-TrCP1 regulatory 

loop that modulates PER2 turnover, and vi) demonstrate the relevance of the loop for determining 

circadian period length. Therefore, we propose the existence of a new regulatory node in the clock 

network that can receive, connect, and distribute a diverse set of signals acting on cellular homeostasis. 
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Nardilysin (N-arginine dibasic convertase; NRDC) is a zinc peptidase of the M16 family. We have 

reported that NRDC has multiple functions, which depend on its cellular localization. In the extracellular 

space, NRDC enhances ectodomain shedding of a variety of membrane proteins, such as HB-EGF, TNF-

a, and amyloid precursor protein. On the other hand, NRDC in the nucleus works as a transcriptional 

coregulator. For example, NRDC interacts with PGC-1a and modulates its coactivator function in brown 

adipose tissue (Hiraoka et al., Nat Commun. 2014). In pancreatic b cells, NRDC regulates b cell function 

through modulating Islet-1-MafA pathway (Nishi et al., Diabetes 2016). These results have suggested 

important roles of NRDC in various homeostasis. In the present study, we evaluated the role of NRDC on 

the mammalian circadian clock. 

We first examined the effects of NRDC deficiency on the behavioral rhythms of mice by monitoring their 

activities using an area sensor. In constant darkness (DD), NRDC-deficient (Nrdc-/-) mice exhibited 

rhythmic activities with the average period length of 23.56 ± 0.14 h, which was significantly shorter than 

that of their wild-type littermates (23.83 ± 0.16 h). We next examined circadian clock gene expression at 

mRNA and protein levels in mouse liver. Both mRNA and protein levels of clock genes such as Per2 and 

Cry2 were upregulated in the Nrdc-/- liver compared to wild-type liver. These results suggest that NRDC 

could regulate circadian clockwork in mammals. Co-immunoprecipitation assays showed that NRDC 

interacts with PER2, but not CLOCK and BMAL1. To investigate whether NRDC regulates PER2 

function, reporter assays using E-box luciferase reporter construct were carried out. In the reporter assay, 

PER2 dose-dependently suppressed CLOCK/BMAL1-induced transactivation. Interestingly, NRDC 

expression significantly inhibited PER2-mediated suppression of the transactivation. These observations 

suggest that NRDC regulates the mammalian circadian rhythm via modulating PER2 function. 
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The aim of the study is to evaluate the appetite ratings in young northerners with SJL. Participants (n=66) 

were divided into three groups, SJLÒ1 h, 1<SJLÒ2 h and SJL>2 h, using the Munich ChronoType 

Questionnaire. Participants consumed a breakfast consisting of pizza ad libitum and rated their appetite 

sensations using visual analogue scales (VASs). People in three SJL groups consumed ad libitum the 

same amount of the test meal and reported similar levels of satiety and fullness just after food intake 

(intra-meal satiation). However, participants with SJL>2h were found to feel significantly hungrier in 

comparison with participants with SJLÒ1 h. Each participant reported gradually decreasing levels of 

satiety/fullness and rising levels of hunger/prospective food intake during the first 120 min after 

consumption of test meal (post-meal satiety). Satiety decreased significantly faster, whereas hunger and 

prospective intake were shown to increase in the SJL>2 h. The areas under curve for hunger and 

prospective food intake were two-fold larger in the SJL>2 h. Changes in VAS scores for the sensation of 

fullness after consumption of the test meal did not differ between the SJL groups. Participants in the 

1<SJLÒ2 h and SJL>2 h groups had a significantly lower mean satiety quotient compared to those in the 

SJLÒ1. Thus, our data demonstrate that a disassociation between the visceral sensation of fullness and 

subjective feelings of hunger (hunger, satiety, prospective food intake) indicate a diminished satisfaction 

with food consumption, which could be a very early consequence of SJL.  

[Supported by the Program of UD RAS Grant No 15-3-4-50 (MFB)] 
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Conflicting results on the relationship between circadian preference and cognitive functions in healthy 

persons were obtained earlier. It was shown that the level of intelligence in late chronotype (L-type) 

higher than in intermediate (I-type) and early one (E-type). At the same time, recent study (Arbabi et al., 

2014) indicates that social jetlag (SJL) which is more typical for the L-type negatively associated with 

intelligence. The aim of the present study was to evaluate the interrelations among chronotype, SJL, and 

intelligence. The study involved 14-25-year-old persons (n=1008). Chronotype (MSFsc) and SJL were 

estimated using the Munich Chronotype Questionnaire (MCTQ). Non-verbal intelligence was determined 

using standard Ravenôs progressive matrices. Respondents were divided into 3 groups according to 

circadian preference (E-type: MSFsc Ò3.5h, I-type: MSFsc = 3.51-4.49h, and L-type: MSFsc Ó4.5h) and into 

3 groups according to level of SJL (Ò0.9, 1-1.9, Ó2h). The intelligence of L-type was higher than that of 

E- and I-type if the level of SJL was below 2h. The negative impact of SJL on intelligence was noted in 

L-type, but not in E- and I-type. In conclusion, our data confirmed previous studies indicating that L-type 

has a higher level of intelligence, but at the level of SJLÓ2h these advantages of L-type disappear. 

[Supported by Program of UD RAS, project # 15-3-4-50 (MFB)]. 
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According to previous studies there are prevalence of winter depression and late chronotype among the 

inhabitants of high latitudes. It can be assumed that social jetlag (SJL), which is characteristic for persons 

with late chronotype, is one of the causes of winter depression in northerners. We noted previously an 

unusually low incidence rate of mood seasonality among young inhabitants of the polar city of Vorkuta. 

The aim of the present study was to determine chronotype, SJL, and incidence of mood seasonality in 

young inhabitants of Vorkuta in comparison with their counterparts living in the Northern European 

Russia. The study involved 12-18-year-old residents of the city of Vorkuta (n=1069). Chronotype (MSFsc) 

and SJL were determined using the Munich Chronotype Questionnaire (MCTQ). Winter pattern of mood 

seasonality (SADw) was assessed using Seasonal Pattern Assessment Questionnaire (SPAQ). The data of 

our previous studies of 12-18-year-old residents of the Northern European Russia were used for 

comparison (n=6630). There were lower percentage of SADw (5.58 % vs. 7.88%, p<0.005), lower levels 

of MSFsc (4.75±1.66h vs. 4.88±1.56h, p<0.003) and SJL (2.23±1.44h vs. 2.42±1.41h, p<0.038) in 

children and adolescents living in Vorkuta, as compared with their peers living in other settlements of the 

Northern European Russia. The results confirm the existence of a link between the state of circadian 

system and of mood seasonality. Further study is needed to identify external and/or internal factors 

determining low levels of MSFsc, SJL, and low incidence of SADw in young inhabitants of Vorkuta. 

[Supported by Program of UD RAS, project # 15ï3-4ï50 (MFB)]. 
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Cryptochrome (CRY) proteins play indispensable roles in the mammalian circadian clock. We previously 

generated transgenic mice (Tg mice) ubiquitously expressing mCRY1 with a mutation in cysteine414. 

The cysteine residue functions as one of zinc-binding sites in mCRY1, and plays a crucial role in binding 

PER2 (Schmalen I et al. Cell, 2014). Tg mice showed early onset diabetes mellitus characterized by ɓ-cell 

dysfunction (Okano S. et al., Eur J Clin Invest. 2010; J Diabetes Investig. 2013), in addition to unusual 

circadian rhythms in locomotor activities (Okano S. et al., Neurosci Lett. 2009; Sleep Biol Rhythms. 

2016). We also reported that unusually enlarged duct-like cells, which are reminiscent of pancreatic 

intraepithelial neoplasias (PanINs), appeared in the pancreas of Tg mice with age (Okano S. J Diabetes 

Res. 2016). PanINs are known to be pancreatic lesions that can cause pancreatic ductal adenocarcinoma 

(PDA). PDA is one of the most lethal malignancies in human. Thus the elucidation of molecular 

mechanisms inducing PanINs is important. 

In this study, to further characterize the PanIN-like cells we conducted detailed analyses of the pancreases 

at mature stages of mice. The results demonstrated that the tubular complexs (TCs), the aggregates of 

tubular cells, in addition to the cells having the features of PanINs, were formed in the pancreas of Tg 

mice. HES1 was highly expressed in the PanIN-like atypical ductal cells, suggesting the involvement of 

Notch signaling in the formation of the anomalous ductal cells. We are now conducting the analyses of 

the molecular pathogenesis of the TC and PanIN in Tg mice, with emphasis on the characterization of 

newly identified CRY1-binding proteins. 
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Materials and methods: We have a 204293 patient database (100701 women and 103592 men) from 

healthchare checkup since 2004 to 2017 integrating biological, clinical and ESS questionnaire. We search 

infra day (circannual effect) biological rhythm by averaging method after segmentation of population 

from sex and age. Datas are analyzed by using Multiple ANOVA. 

 

Results:  we found significant circannual effect for : - BMI p<0,001 (lower during autumn), Creatinin p 

=0,04 (higher during summer), Cholesterol p=0,04 (lower during summer). Some parameters were also 

highly influenced by aging and sex. 

 

Discussion: Seasonal variations of cholesterol were reported by Kreindl & al (1). They report increase of 

LDL in winter and HDL in Summer. Our report agree with Kristal Bonneh & al (2) findings showing a 

maximum for cholesterol in winter and minimum in summer.  We hypothesis to explain Circanual 

variations of creatinin and BMI by summer climate who allow more physical activity or by difference in 

food intake. 

 

Conclusion: Database analysis is in agreement with report showing seasonal/circannual variations of 

cholesterol. Observed results don't allow us following thesis whether changes are of environmental origin 

or in relation to a circannual endogenous rhythm 

 

Bibliography:  

1) [Seasonal variations in the lipid profile of apparently healthy young adults living in 

Santiago, Chile]. Arch Latinoam Nutr. 2014 Sep;64(3):145-52. 
2) Circannual variations in blood cholesterol levels. Chronobiol Int. 1993 Feb;10(1):37-42. 
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Circadian rhythms are behavioral and molecular variations of organisms that follow roughly 24 h-cycles 

and are sustained in the absence of any external cue. These rhythms are the result of a molecular clock 

composed by positive and negative loops of the expression of clock genes (Bmal1, Per1-3, Cry1-2, 

Clock, Rev-erb, Ror). For many years, the suprachiasmatic nucleus was considerate as the unique brain 

pacemaker. Currently, it is known that other brain areas (and other body organs) are able to oscillate in a 

circadian manner such as the Habenula localized in the epithalamus, a key nucleus for monoamine 

(dopamine, serotonin) control; its clockwork has been, however, poorly characterized. Various and 

numerous inputs come from the forebrain to the Habenula, and since it is involved in the regulation of 

reward signals, the Habenula receives feedback fibers from the dopaminergic ventral tegmental area. 

Moreover, we recently reported that the intake of methamphetamine, a dopaminergic stimulant, affects 

the properties of the mouse Habenula clock. Hence, the aim of this study was to determine whether 

monoamines, such as dopamine and noradrenaline can affect the Habenula clock by using 

PER2::LUCIFERASE transgenic mice. We found that the amplitude of PER2 circadian oscillations in 

Habenula explants are increased by the exposition of dopamine or noradrenaline, but not to other 

neurotransmission signals (orexin, prokineticine2, arginine-vasopressin). In conclusion, the 

monoaminergic feedback from the midbrain (dopamine) and brainstem (noradranaline) may modulate 

the circadian properties of the Habenula, and the behaviors regulated by this clock.  

Supported by: ANR-14-CE13-0002-01 ADDiCLOCK JCJC grant. 
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Since the discovery of melanopsin-containing retinal ganglion cell or intrinsic photosensitive retinal 

ganglion cell (ipRGC) was reported in 2002, many features specific to this cell type have been described. 

However, scare information is available on on the retinographic components directly reflecting ipRGC 

activity. In this study, we identified the electroretinogram (microERG) that reflects the photoresponses by 

ipRGCs in ex vivo preparations of the mouse retina, in which classical photoreceptors (cones and rods) 

were ablated mechanically and photochemically. MicroERG consited of three components: a large 

transient ON response, a small and lazy hump 19 s after the onset of the light, and a large transient OFF 

response. A complete microERG recording required at least 30 s of light exposure. MicroERG showed 

the highest spectral photosensitivity at 478 nm. This wavelength corresponds to the peak wavelength in 

the ipRGCsô photosensitive curve. The psychophysical test using a blue light-emitting diode (LED) light 

(470 nm) revealed that the absolute threshold illuminance for microERG was greater than 12.26 log 

photons/s/cm2 in both ON and OFF responses, whereas microERG was not adapted for dark. The 

amplitude of microERG increased linearly with irradiance. The sensitivity of temporal frequency was 

high in microERG (at least 100 Hz), as suggested by the study on melatonin suppression by flickering 

light in human subjects (Zelter et al., 2014). Melatonin secretion was suppressed by light via ipRGCs and 

the suprachiasmatic nucleus. These properties of the photoresponse indicate that microERG may reflect 

the functions of ipRGC as a luminance detector in the mouse retina. 
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In this study, a teaching material as a picture leaflet for infant was made, and the educational 

effectiveness of the leaflet was examined on the infants who attend one of 10 nursery schools owned by 

Kochi City and a Kindergarten affiliated to Faculty of Education, Kochi University. The title of the 

picture leaflet is ñA picture book on diurnal rhythm! Letôs take cow milk breakfast and become a 

morning-typed person!ò The intervention study was performed using an integrated questionnaire. The 

questionnaire before and after the intervention (asking mothers to read the leaflet) was administered to 

820 infants and their mothers (711 attending the nursery schools and 109 ones attending the 

Kindergarten).  The rates of answers to the questionnaire before and after the intervention were 67.7% 

and 45.7%, respectively. Recording during the intervention (including how many days the reading was 

performed and sleep diary) was performed by 27.6% (226) of mothers who were asked to answer it. 

Reading was performed more than 1 time during the 3 weeks by 94.5% of mothers. Fifty two percent of 

mothers did it more than 10 times, and 11% of them did it every day during the 3 weeks. Fifty nine 

percent of them did it more than 4 days per week. Infants took higher quality of breakfast (p<0.05) and 

longer sleep hours (p<0.05) after the previous nights when the reading was performed, than usual. Infants 

to whom their mothers read the picture leaflet more than 1 time showed longer sleep hours (p<0.05), 

earlier bedtime in holidays (p<0.05), and earlier supper time (p<0.05) during the intervention than those 

to whom they did not it. Young children to whom their mothers read it more than 4 times per week during 

the period were more morning typed (p<0.05) than those to whom they did it less than 4 times after the 

intervention period. 
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This study aims to examine the effects of sports kind, time of day when students had physical training 

habit and training intensity on the diurnal type scales, quality of sleep and mental health in Czech and 

Japanese university athletes. The integrated questionnaire including questions on sleep habits, 

environments of night sleep, mental health and the diurnal type was administrated to 86 (52 females, 34 

males; 18-28 years) students majoring in sports attending an university in Prague, Czech Republic and 

112 soccer club students (all males, 18-24) attending a university, in Kochi, Japan. All Czech and 111 

Japanese students who were asked to answer the questionnaire did it. In Czech, university athletes 

majoring in martial arts among sports needing forecasting had difficulty for falling in sleep (p=0.003) and 

also insomnia (p=0.043 with higher frequency than the other athletes. In Japanese students who did high 

amount of physical training (intensity x duration: more than 24 degree of Ex index), participants who did 

high intensity of training were more morning-typed than those who did lower intensity of training. On the 

other hand, participants who did high intensity of training were more evening-typed than those who did 

lower intensity, for students who did low amount of training (<24 of Ex) (f=3.011, p=0.086). In Japanese 

athletes who did training at night, participants who did high intensity training were more morning-typed 

than those who did lower intensity of training, whereas the result was vice versa in the students who did 

training in the daytime (f=6.902, p=0.011). Also in Czech, a similar result showing the ñmorning-typeò 

effect of hard training at night (a kind of opposite direction of response). Such effects might be a kind of 

homeostatic response or a kind of resistance to hard-training at night, because evening-type life can 

promote lower mental health for the athletes who did hard training.  
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Circadian clocks are molecular pacemakers based on transcriptional feedback loops involving ñclockò 

gene encoded transcription factors (PER1-2, CRY1-2, BMAL1 and CLOCK) and are able to entrain gene 

expression programs over the 24h cycle. The retina contains an endogenous circadian clock which 

regulates a plethora of physiological processes sustaining adaptation of visual function to the daily 

light/dark cycle, such as: melatonin and dopamine synthesis, sensitivity of ion channels and photoreceptor 

renewal. However, little is known, regarding the direct dependence of the photoreceptor generation and 

survival on the circadian clock. The Period1 (Per1) and Period2 (Per2) genes underlying the retinal clock 

have been involved in cell division as well as in the retinal ontogeny modus operandi: previous work from 

the lab demonstrated that Per1/Per2 double mutant mice show a delay in general photoreceptor 

differentiation, along with reductions in cone opsin mRNA and protein levels (Ait-Hmyed; Eur J 

Neurosci 2013).  

In light of these observations, the aim of the PhD is to elucidate the downstream events that link the 

circadian clock with photoreceptor development based on a transcriptomics approach. Whole eyes from 

embryonic and post-natal ages along with micro-dissected post-natal photoreceptors and retinal pigment 

epithelium (RPE) from wild-type (WT) and Per1/Per2 double mutant mice will be examined for gene 

expression by next-generation sequencing methodology. Phenotypical differences will also be evaluated 

by histology and immunohistochemistry.  Comparative analysis between the wild type and mutant mice 

has the possibility to yield canonical pathways involved in the retinal/photoreceptor development as well 

as the detailed findings of the upregulated or downregulated genes.  

In conclusion, the non-redundant Per1 and Per2 clock gene mutations could be a first link in 

understanding the role of the clock genes in photoreceptor differentiation/function and can lead to 

interesting perspectives regarding functional studies both in normal and pathological processes of retinal 

development.  
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Circadian disruption reduces the capacity of brown adipose tissue (BAT) to combust triglyceride (TG)-

derived fatty acids (FA) into heat. Here, we hypothesized that a circadian rhythm in BAT activity 

importantly determines circadian plasma lipid metabolism.  

 

Mice were adapted to short (8 h), regular (12 h), or long (16 h) days. The rhythm of BAT was determined 

by its capacity to take up plasma TG-derived FA at 6 time points during a 24 h period. Postprandial lipid 

excursions were determined following an oral olive oil bolus. In healthy volunteers, postprandial lipids 

following three isocaloric meals were measured in the morning, afternoon and evening. 

We observed a high amplitude circadian rhythm in the FA uptake by BAT as compared to other 

metabolically active tissues. The highest uptake was observed at wakening, which was independent of 

light exposure regimes. The pattern of FA uptake by BAT coincided with expression patterns of 

thermogenic and lipid genes. Interestingly, circadian rhythmicity in BAT activity dictated lipid clearance 

which was reflected in circadian circulating lipid levels. In both mice and humans, we found postprandial 

lipid excursions to be nearly absent at wakening and high before sleep consistent with oscillations in BAT 

activity.  

BAT displays a strong diurnal rhythm in the uptake of TG-derived FA, which determines differences in 

postprandial TG metabolism throughout the daily light-dark cycles. Since BAT activity is highest at 

wakening, accompanied by lowest postprandial lipid excursions, we anticipate that restriction of food 

intake to the early wakeful period improves metabolic health. 
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It is well accepted that the intensity of the immune response is regulated by the autonomic nervous 

system. However, since lipopolysaccharide (LPS) minimally passes the blood brain barrier, the way by 

which the information about the presence of LPS reaches the brain remains unclear. We hypothesized that 

the sensory part of the autonomic nervous system is responsible for the immediate sensing of LPS, in 

order to modify its output to the immune system and mount an adequate response to the inflammatory 

stimulus. 

 

In the current study, male Wistar rats were intravenously injected with LPS (2ug/kg) and sacrificed 50 

minutes later to study neuronal activity by c-Fos immunohistochemistry. Since the biological clock, the 

suprachiasmatic nucleus (SCN) can influence the autonomic nervous system, we evaluated day/night 

differences in the sensing of LPS.  

 

Upregulation of c-Fos was observed in sensory autonomic centers such as the nucleus of the solitary tract 

(NTS) and the dorsal horn (DH) of the spinal cord. The level of activation in these sensory structures is 

dependent on the time of the day on which LPS is given, with higher c-Fos counts at ZT2 than at ZT14. 

Since a unilateral lesion of the SCN gives ipsilateral activation of the DH after an LPS challenge at ZT14, 

when normally c-Fos counts are low, we propose that this comprises a neuronal pathway from the SCN to 

the DH of the spinal cord. 

 

The present data shows that the sensory part of the autonomic nervous system can detect the presence of 

circulating LPS. Furthermore, it suggests that the SCN can modify the sensitivity of the autonomic 

sensory centers to LPS, promoting a day/night difference in brain activation and thus, a differential 

cytokine release. 
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Circadian clock control the rhythmicity of numerous biological functions through rhythmic expression of 

mRNA that has been shown mainly based on non-transcriptional mechanisms.  

We characterized one of those non-transcriptional mechanisms in a rat pituitary cell line, the GH4C1 

cells. This mechanism involves the paraspeckles which are nuclear bodies built around a long non-coding 

RNA, Neat1, associated with RNA-binding proteins. Paraspeckles are known to retain in the nucleus 

mRNA containing in their 3ô-UTR inverted repeats of Alu sequences (IRAlu) allowing by this way the 

control of gene expression at a non-transcriptional level.  

In GH4C1, we showed that all components of paraspeckles including four major proteins and Neat1 itself 

displayed a circadian expression pattern and that the insertion of IRAlu in the 3ô-UTR of the egfp cDNA 

led to a rhythmic circadian nuclear retention of the egfp mRNA that was lost when paraspeckles were 

disrupted. Using real-time video-microscopy, the insertion of IRAlu was further shown to drive a 

circadian expression of EGFP protein.  

To identify the endogenous RNA targets of paraspeckles in GH4C1 cells, we further developed a ñRNA 

pull-downò approach which employed capture antisens oligonucleotides designed to specifically 

hybridize to Neat1. Using this approach, Neat1 was enriched together with its RNA targets that were 

identified by RNA sequencing.  

Unexpectedly, we didnôt find IRAlu in 3ô-UTR of endogenous Neat1 RNA targets. After selection of a 

few of these Neat1 mRNA targets and insertion of their 3ô-UTR before the polyA site of the egfp cDNA, 

we observed that some of them bound paraspeckles through their 3ô-UTR while others did not, suggesting 

that mRNA could also be targeted by paraspeckles through sequences out of 3ô-UTR region. Using a 

restriction approach, works are currently in progress to identify, in Neat1 RNA targets bound through 

their 3ô-UTR, the specific sequences recognized by paraspeckles. 
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Intrinsically photosensitive retinal ganglion cells (ipRGC) detect changes in environmental illumination 

and drive an array of ónon-image-formingô (NIF) visual responses including circadian photoentrainment 

and the pupil light reflex. These ipRGCs integrate rod and cone-derived signals with their intrinsic 

melanopisn-dependent response, but the contributions of rods/cones to NIF visual responses remains 

poorly understood. Given recent data indicating chromatic influences on the mouse circadian system and 

human pupil, we set out to define the influence of the two mouse cone opsin types in pupillary control. To 

address this question we first record from the pretectal olivary nucleus (PON) of anaesthetised mice with 

a red-shifted cone population (Opn1mwR) and use silent substitution to selectively modulate the activity 

of individual opsins. We then use identical approaches while recording pupillary light responses in awake, 

restrained animals. We show that cells in the PON which receive input from ipRGCs exhibit robust S- 

and/or L-cone opsin driven activity and in some cases the contribution of these two opsins is opponent, 

conveying information not only about luminance but also colour. Under our experimental conditions 

activation of rod opsin makes no detectable contribution to PON behaviour. We also show that these PON 

cells can reliably track even very slow (0.025Hz) sinusoidal changes in S- or L-opsin activation providing 

a sustained readout of luminance or colour.  Most importantly, however, we show that melanopsin, S- and 

L-opsin derived signals combine in a purely additive manner to drive pupillary constriction. In summary, 

while the role of colour opponent PON cells remains uncertain, our data indicate important differences in 

the sensory control of the mouse circadian and pupillary systems. The former uses colour information to 

help estimate time of day while the latter integrates inner/outer retinal inputs to provide broadband 

sensitivity to variations in illumination. 
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Drosophila Cryptochrome (CRY) is a blue light photoreceptor which plays an important role in circadian 

entrainment. Moreover, CRY participates in non-circadian functions, as magnetoreception, modulation of 

neuronal firing, phototransduction and regulation of synaptic plasticity. In our previous research we found 

that CRY is expressed not only in clock neurons, but also in glial cells and L2 interneurons in the visual 

system. In addition we showed that CRY and BRP form complexes and their interactions are enhanced in 

the presence of light. Moreover, we showed that CRY is involved in BRP degradation in some specific 

cell types, like photoreceptors. It the present study we investigated the role of CRY  in the regulation of 

behavior. We used transgenic flies to drive cryRNAi expression or overexpression of CRY (native or 

constitutively active [CRYȹ]) in selected cell types (PDF-positive clock neurons, photoreceptors, L2 

interneurons and glial cells) and we analyzed period of locomotor activity and sleep parameters. We 

observed that decreased level of CRY in the retinal photoreceptors affects the rhythm of locomotor 

activity and 40% of flies become arrhythmic, but the period of rhythmic flies is unchanged. Surprisingly, 

changes in cry expression level in glial cells and L2 interneurons affect sleep level. We also showed that 

expression of CRYȹ in PDF-positive cells lengthens the period of locomotor activity rhythm, but it does 

not affect sleep level.  

In conclusion, we showed that CRY plays an important role in the regulation of behavioral rhythms but 

its function may differ depending on cell type in which it is expressed.   

Research supported by the Polish National Science Centre (grant Sonata no. 2014/15/D/NZ3/05207). 
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Accumulated sleep pressure in the evening is opposed by a circadian arousal signal occurring 2-3 hours 

prior to melatonin secretion, the so called ówake maintenance zoneô (WMZ; Strogatz et al., 1987; 

Shekleton et al., 2013). We aimed to investigate cognitive function and objective sleepiness in the waking 

EEG during the WMZ.Twelve healthy men (25.3±2.6 yrs) underwent a 40-h constant routine protocol. 

Every hour, they performed different cognitive tests and recordings of the waking EEG for 3 min. The 

WMZ was defined as the 3 hours before dim light melatonin onset, the first WMZ occurred 12 hours and 

the second WMZ 36 hours after habitual waketime. 

Relative to the hour before the first WMZ, there was a higher percentage of correct answers in the Go/No-

Go test (F1,12=5.14; p=0.04) and a significant reduction of EEG power density in the theta frequency 

range between 5.5-7.0 Hz (p<0.03). In the second WMZ, the number of lapses in the Psychomotor 

Vigilance Task was reduced, and there was significant lower EEG power density in the delta (2.5-6.5), 

alpha (12.5-13.5) and sigma/beta (15.0-23.0 Hz) frequency ranges (p<0.05). When comparing the 

changes between both WMZ´s relative to the preceding hour, we found during the second WMZ a 

significant larger reduction of lapses than in the first WMZ, while changes in EEG power density were 

significantly lower in the high sigma/beta range (17.5-22.5 Hz), when  compared to the first WMZ 

(p<0.04).  

Despite higher sleep pressure, sustained attention showed greater improvements in the second WMZ than 

in the first WMZ, with concomitant greater reduction in EEG sigma/beta frequency bands. Our results 

suggest that the circadian arousal signal in the evening differently modulates cognitive functions and EEG 

power, depending on prior duration of wakefulness.  

 

Financial support: German Federal Ministry of Education and Research (OLIVE-project) and Intellux 

GmbH (Berlin), Germany. 
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Objectives: Recent studies revealed that sleep duration showed U-shaped associations with sickness 

absence as well as productivity loss at work. This study aimed to investigate the relationship between 

self-reported work performance, i.e. absenteeism and presenteeism according to the Work Limitation 

Questionnaire (WLQ) and social jetlag and chronotype according to the Munich Chronotype 

Questionnaire (MCTQ). 

Methods: This study was approved by the ethics committee of Tokyo Medical University.  A web-based 

cross-sectional survey was conducted among registered monitors of a survey company in Japan. A total of 

10,000 monitors who were matched in age, sex and resident area to a Japanese representative sample, 

were randomly invited to participate in the survey. We excluded those who provided invalid answers 

(n=198), who has not worked (n=3966) or engaged in shift work (n=1232), and who reported sleep times 

on free days with use of alarm clocks (n=2389). The final sample comprised 3708 participants (57.8% 

male, 44.2 [13.5] years old). Questionnaires consisted of demographic variables, MCTQ, and WLQ. 

Using MCTQ, we calculated mid-sleep on free (MSF) and work days (MSW). To determine individual 

chronotype, MSF was calculated, corrected for accumulated sleep debt on work days (MSFsc). Social 

jetlag is computed by the absolute difference between MSF and MSW. 

Results: The average [standard deviation] of sleep duration across the week, MSFsc, social jetlag were 

6.63 [1.10], 3.77 [1.51], and 0.95 [0.94], respectively. The average absent or tardy arrival days a month 

due to poor health was 0.37 [1.61] days (1.18% on work days), and average productivity loss was 5.31 

[5.48] %. Both social jetlag (standardized regression coefficients [B]=0.10, p<0.01) and MSFsc (B= 0.12, 

p<0.01) were significantly associated with productivity loss, although no significant association with 

absent days. 

Conclusions: The results of this study suggested that later chronotype and social jetlag were associated 

with presenteeism but not absenteeism. 
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Enhancer activity in rhythmic biological systems is driven by key clock proteins binding. Computational 

approaches have previously been shown to accurately predict histone modifications at both promoters and 

distal regulatory elements from knowledge of transcription factor binding (Benveniste et al., 2014) in a 

given context. 

We build on the existing methods to predict not just the presence or absence but also the quantitative level 

of histone modifications. Furthermore, we extend the problem into the time domain and model the 

enhancer activity over the entire circadian time scale not just at a single time point. We utilise the large 

collection of high quality ChIP-seq time-series data on core circadian transcription factors, collected at 

different times of the day, in Koike et al (2012) and fit a model to it using Gaussian Process regression, a 

state of the art machine learning technique. Our model allows us to analyse the relative significance of 

core clock components as well as to generate potential hypotheses for testing in future wet lab 

experiments. 
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Previous work revealed an important and novel role for the transcription factor ZFHX3 in circadian 

biology. A dominant missense mutation in the gene resulted in a heterozygous mutant (Short circuit; Sci) 

with shortened circadian period in constant conditions and altered sleep homeostasis. Further 

investigations revealed this was due, in part, to dysregulation of key circadian neuropeptides responsible 

for intercellular synchrony in the suprachiasmatic nucleus (SCN). However, as the constitutive knockout 

(KO) of Zfhx3 is lethal, homozygous mutants have not been behaviourally characterised. Using 

conditional mutagenesis we have been able to circumvent the lethality of the constitutive null and 

generate conditional null alleles of Zfhx3 to further our understanding of its role in circadian rhythms. 

Using this approach both temporally and spatially restricted homozygous knockouts of Zfhx3 were 

generated.  

A ubiquitously-expressed inducible Cre driver was used to delete the gene specifically in adult tissues, 

thus preserving its developmental expression. In wheel-running screens, KO of Zfhx3 in adult mice 

caused an acute period shortening of around 1 hour in 70% of mice; the remaining animals lost 

rhythmicity in constant conditions. Using the SCN-enriched Six3-Cre line, Zfhx3 was deleted in 

developing SCN during embryogenesis. These homozygous mutants were arrhythmic in all conditions 

and unable to entrain to a light-dark cycle. They were also unable to entrain to social cues from cagemates 

when group housed. Subsequent histological examination revealed that there was an apparent loss of SCN 

cell identity in these animals, as there were no visible nuclei present where the SCN should reside.  

This work highlights the importance of Zfhx3 in the circadian system, providing evidence that it is 

necessary for both maintaining stable adult circadian rhythms and for terminal differentiation in the 

developing brain to form a functional SCN.  
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The circadian clock regulates the feeding rhythm, and feeding in turn regulates the phase of peripheral 

clocks, suggesting a close interaction between the circadian clock and feeding. Although human eating 

disorder, such as night eating syndrome (NES), may be caused by an abnormality of the circadian clock, 

the circadian clock system of this particular disorder has not been investigated yet. One of the NESôs 

characteristics is that their mood decline during the evening and night, contrary to the usually pattern 

found in the depression. Thus, we hypothesized that the disturbed feeding rhythm could cause the 

depression-like behavior with time-dependence. Hence, we tried to elucidate the relationship between 

disturbed feeding pattern and depression. A normal diet (ND) with ad lib-feeding was given to control 

mice, and a high-fat diet for 5 minutes during the inactive period under ND ad lib-feeding was given to 

NES model mice. We conducted a forced swimming test at ZT 1, defined as evening for mice, and ZT 13, 

as morning for mice, after adaptation to this feeding protocol for 4 weeks. As the result, immobility time 

in the NES group was longer than those in the control group at ZT 1 but not at ZT13. Moreover, at ZT 1, 

the ratio of 5-HIAA/5-HT in hippocampus was higher in the NES group than in the control group. These 

results indicated that NES feeding pattern increased 5-HIAA/5-HT in hippocampus and then caused 

depression-like behavior in the evening.  

 

This work was supported by Grant-in-Aid for JSPS Research Fellow (17J10069). 
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The circadian clock is an internal timing system that allows for the entrainment of physiological and 

behavioural processes to the geophysical time with a periodicity of about 24 hours. It consists of a central 

pacemaker in the suprachiasmatic nucleus (SCN) and peripheral clocks in every cell. In mammals, the 

molecular core-clock entails a distinct set of genes interconnected in regulatory feedback loops. The 

resulting oscillations in the expression of core-clock genes is passed on to a number of target genes 

thereby regulating a variety of processes including metabolism and cell cycle. Disruptions of the clock 

have been linked to several pathologies including cancer. Moreover, various studies connect the 

disruption of the clock to an enhanced susceptibility to develop cancer, weak treatment response and poor 

prognosis. Attempts have been made to apply chronotherapy in cancer treatment, as well as in the usage 

of chronomodulating drugs to enhance drug tolerability and treatment response. 

We are particularly interested in the role of the circadian clock in cancer-associated metabolic alterations 

and changes in drug response. Time-course microarray data of a primary tumour and its metastatic 

counterpart, derived from the same patient, revealed variations in the core-clock and an associated global 

alteration of oscillation patterns of gene expression. Among those genes, we identified a group of 

metabolic genes belonging to pathways with a putative role in cancer progression and drug response. A 

knockdown of the core-clock gene Bmal1 in the tested cell lines led to time-dependent metabolic changes 

and treatment response. These results further support the role of the circadian clock as a powerful time-

regulator of cancer metabolism and treatment response with possible future implications in 

chronotherapeutic treatment strategies. 
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Structural rearrangements of hypothalamic tanycytes have been implicated in the regulation of energy 

homeostasis. Moreover, tanycytes regulate the entrance of blood-born molecules, like leptin, to the brain, 

control thyroid hormone signaling and harbor progenitor cells that differentiate into adult hypothalamic 

(an)orexic neurons. However, the molecular mechanisms by which tanycytes operate are largely 

unknown. Previously, we have identified a neuroplasticity protein, doublecortin-like (DCL), that is 

abundantly expressed in tanycytes. As DCL also regulates retrograde transport and neurogenesis, we 

hypothesize that DCL is crucial in tanycyte function, and as a result, that knock-down of DCL affects 

energy metabolism. To test this hypothesis, we determined energy homeostasis in our doxycycline-

inducible DCL-Knockdown (DCL-KD) mice and their littermate controls. 

After 3 months, DCL-KD mice displayed significantly reduced body weight gain (+15.7% ± 4.6 g) 

compared to control mice (+35.8% ± 5.9 g), which was reflected in reduced fat mass (2.0 ± 0.7 g vs 4.6 ± 

1.3 g, p<0.01), but not in lean mass (26.7 ± 1.8 g vs 27.6 ± 1.4 g, ns). In line with the reduced body mass, 

the DCL-KD mice had lower haemoglobin A1c (HbA1C) levels (19.2 ± 1.2 vs 20.5 ± 0.9 mmol/molHb, 

p<0.05), suggesting better glycaemic control in DCL-KD mice compared to control mice. Food intake, 

however, was not different between DCL-KD and control mice (3.8 ± 0.1 g/day vs 4.0 ± 0.1 g/day). 

Plasma triglyceride levels, as measured by liquid chromatography-mass spectrometry (LC-MS), were 

increased in DCL-KD mice (1.7 ± 0.1 ratio) compared to littermate controls (1.3 ± 0.1 ratio). Finally, 

DCL-KD mice had 2.5 fold more activity of hypothalamic dio2, the enzyme converting inactive T4 into 

active T3 hormone. 

Together, our data suggest a fundamental role for DCL in hypothalamic tanycytes and energy 

homeostasis and as such may form a potential novel target to treat metabolic diseases. 
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Epidemiological studies in humans and experiments in rodents suggest that adverse environmental 

conditions during embryonic development program physiology later in life. Stress exposure during 

pregnancy induces long-lasting detrimental consequences in the offspring that seem to be related to an 

altered function-interaction of the circadian and stress systems.  

The programming effects of prenatal stress are usually studied in animals subjected to various forms of 

stress, either at fixed or at unpredictable times. Such multifaceted interventions complicate the 

mechanistic examination of the underlying processes. To simplify this, we developed a "chrono-stress" 

paradigm. The stressor was a single and timed injection of corticosterone either in the morning (CORTm, 

in anti-phase to the maternal circadian glucocorticoid (GC) rhythm) or in the evening (CORTe in phase 

with maternal GCs), every day during the second half of gestation. The offspring were tested for circadian 

and stress-related responses as young adults.  

We found that the time of the day when the mother is exposed to CORT, is an important programming 

factor, determining the severity of the adult offspring's phenotype. The offspring of CORTm mothers 

showed elevated anxiety levels (less open arm entries in the elevated plus maze), impaired stress 

resistance (longer immobility periods in the forced swim test), high basal GCs production and impaired 

response to acute stress compared to CORTe (and non-stressed control) offspring. This phenotype was 

accompanied by a differential expression of glucocorticoid receptor (GR) and GR-target genes, indicating 

an altered GR sensitivity of at central and peripheral levels.  

Our results indicate the presence of a circadian gating mechanism determining the programming effects of 

prenatal stress exposure. 
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Rhythms synchronize circadian oscillations in different tissues, depending on the degree of cellular 

coupling: the responsiveness to temperature is higher when single circadian oscillators are decoupled. So 

far, the role of coupling in temperature responsiveness has only been studied in organotypic tissue slices 

of the central circadian pacemaker. It has been assumed that peripheral target organs behave like an 

uncoupled multicellular oscillator. Since recent studies indicate that some peripheral tissues may exhibit 

cellular coupling as well, we asked whether peripheral network dynamics also influence temperature 

responsiveness. Using a novel technique for long-term, high-resolution bioluminescence imaging of 

primary cultured cells, exposed to repeated temperature cycles, we were able to quantitatively measure 

period, phase, and amplitude of central (suprachiasmatic nuclei neuron dispersals) and peripheral (mouse 

ear fibroblasts) single cell oscillations in response to temperature. Employing temperature cycles of 

different lengths, and different cell densities, we found that some circadian characteristics, such as period 

responses, appear cell-autonomous, while others seem to depend on the quality/degree of cellular 

communication, e.g. phase relationships, robustness of the oscillation, and amplitude. Overall, our 

findings indicate a strong dependence on the cellôs ability for intercellular communication, which is not 

only true for neuronal pacemakers, but, importantly, also for cells in peripheral tissues. Hence, they stress 

the importance of comparative studies that evaluate the degree of coupling in a given tissue, before it may 

be used effectively as a target for meaningful circadian manipulation. 
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We recently found that the mRNA expression of Slc25a25, a Ca2+-sensitive ATP carrier in the inner 

mitochondrial membrane, fluctuates in a circadian manner in mouse skeletal muscle. We showed here that 

the circadian expression of muscle Slc25a25 was damped in Clock mutant, muscle-specific Bmal1-

deficient, and global Bmal1-deficient mice. Furthermore, a ketogenic diet (KD) that mimics starvation 

induces time-of-day-dependent hypothermia (torpor), induced Slc25a25 mRNA expression in skeletal 

muscle. Hypothermia induced by KD did not affect thermogenic genes such as Sarcolipin and Pgc1a in 

muscles and Ucp1 in adipose tissues. Sciatic denervation abolished circadian and KD-induced 

Slc25a25 expression, suggesting that the circadian clock regulates muscle Slc25a25 expression via neural 

pathways.  

We measured body temperature (Tb) in sciatic denervated mice fed with KD to determine the functional 

role of KD-induced Slc25a25 expression. Sciatic denervation abolished Slc25a25 expression and 

augmented KD-induced hypothermia compared with sham-operated mice, but did not affect Tb in mice 

given a normal diet. These findings suggest that chronic starvation induces expression of the muscle 

circadian gene Slc25a25 via neural pathways, and that SLC25A25 might be involved in muscle 

thermogenesis under starvation-induced hypothermia in mammals. 
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Ο 
Doublecortin-like (DCL) is a microtubule-associated protein, which is crucially involved in neurogenesis. 

DCL enables embryonic migration of neuronal precursor cells to their destination by rearrangements of 

the cytoskeleton and of the plasma-membrane. Doublecortin (DCX) is highly homologous to DCL. In the 

adult brain, both DCL and DCX are expressed in neurogenic regions such as the subgranular zone in the 

dentate gyrus. However, DCL ïbut not DCX- is uniquely expressed in a number of restricted adult brain 

nuclei including the mouse suprachiasmatic nucleus (SCN). To investigate the possible involvement of 

DCL and DCX in circadian rhythmicity, we analyzed their expression in the mouse, rat and human SCN 

by immunohistochemistry. In line with our previous findings, we found DCL but not DCX staining in the 

SCN of melatonin-deficient C57Bl/6J mice, in the dorsal but not in the core region. We repeated DCL-

DCX double staining in the melatonin-proficient C3H mouse strain with similar results, indicating that 

melatonin signaling is not involved in DCL or DCX expression.  Surprisingly, in the rat SCN, we found 

profound DCX expression in the core region and DCL expression in the dorsal region. Moreover, in the 

human SCN, we also observed DCL-positive cells, while DCX staining was absent. To investigate the 

nature of DCL expressing cells, we performed immunohistochemical stainingôs in mice with DCL and 

markers for astrocytes and neurons.  We found that DCL is expressed in dorsally located astrocytes in the 

SCN and not in neurons. We concluded that DCL is expressed in astrocytes in the dorsal region of the 

SCN of mouse and rat and in the human SCN. Our data further suggests that DCL-mediated structural 

rearrangements of dorsally located astrocytes are important for the generation of circadian rhythmicity in 

rodents and possibly in humans. 
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The suprachiasmatic nucleus (SCN) contains a neurochemically and functionally diverse group of 

neurons that, collectively, generate precisely timed neural output to coordinate downstream physiology. 

Cells expressing vasoactive intestinal polypeptide (VIP) play an essential role in synchronising SCN 

network activity, yet the extent to which VIP cells actually convey rhythmic output signals remains 

controversial. Here we use in vitro multielectrode array recordings from the SCN, coupled with 

optogenetic identification of Channelrhodopsin2-tagged VIP cells, to address this issue. We show that 

VIP neurons display tightly coordinated and robust day-night rhythms in spontaneous action potential 

firing, with peak activity across the mid-late projected day. By contrast, while electrophysiological 

rhythms in individual non-VIP cells are similar in amplitude and overall waveform, as a population these 

are considerably more broadly distributed across the circadian day. In summary, our data provide new 

insight into SCN network organisation and suggest that VIP cells are well placed to provide a strong, 

precisely timed rhythmic output signal to downstream effector nuclei.   
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Like other organisms, humans adapt their physiology to the regular 24-hour changes in the environment 

with the help of a circadian clock. It synchronises (entrains) to cyclic environmental signals, thereby 

establishing a stable phase relationship to these zeitgebers. Light is the most important zeitgeber for 

humans. Although entrainment has been extensively investigated in laboratories, only few studies have 

probed entrainment in real life conditions, by considering individual differences in phase of entrainment 

(chronotype), and under varying light environments. Here, we report results of investigating the influence 

of season (summer vs. winter) and weekly schedule (workdays vs. work-free days) on phase of 

entrainment (assessed via dim-light melatonin onset; DLMO). 

We collected data about sleep and activity in 33 participants for 10 days at approximately the 21st of June 

(longest photoperiod) and the 21st of December (shortest photoperiod). In addition, we assessed DLMO 

on a workday and on a work-free day, both in summer and in winter. 

While all parameters varied according to the weekly schedule, none showed associations with season. 

Sleep and activity were later on work-free days. A chronotype-dependent influence of daily activities or 

schedule on DLMO was found, with the latest chronotypes showing a later DLMO on work-free days. 

Morning light (between 6:00 h and 12:00 h) was the strongest predictor for the variation in DLMO, with 

increased exposure to morning light associated with an earlier DLMO. Late chronotypes were exposed to 

less and later morning light on work-free days relative to workdays in comparison with early chronotypes, 

possibly explaining the difference in DLMO between workdays and work-free days. 

Our results show that the habitual weekly schedule of late chronotypes is able to phase-shift their DLMO 

between workdays and work-free days. To counteract this delay over the weekend, late chronotypes 

should increase their morning light exposure on work-free days. 
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Introduction:   Functional connectivity (FC) of intrinsically connected networks is important for normal 

cognitive functioning and disruptions of FC have been associated with neurological disorders, as well as 

FC changes arising from sleep disruptions.  However there is limited research on the impact on FC of 

circadian phenotype or time of day.  The aim of this study was to investigate FC differences associated 

with the default mode network (DMN) between early and late circadian phenotypes (defined by 

questionnaires, phase markers and actigraphy).   

Methods:  Thirty eight participants took part (N = 38, 14 male, age 22.74±0.68y), categorized into two 

groups by the Munich Chronotype Questionnaire (Early n=16, Late n=22).  After completing sleep related 

questionnaires, physiological sampling (melatonin and cortisol) and actigraphy, participants attended the 

Birmingham University Imaging Centre (BUIC) at 14.00h, 20.00h and 08.00h.  Testing consisted of a 

resting state functional MRI scan (TR=2s, 3x3x4mm voxels) and a structural T1 MRI scan (1mm 

isotropic) in a 3T Phillips scanner with a 32-channel head coil, that was proceeded by cognitive and 

physical performance testing at the same facility. Seed based FC analysis from the mesial prefrontal 

(mPFC) and posterior cingulate cortices (PCC) was performed using MATLAB with toolboxes UF2C and 

SPM12. 

Results: Analysis indicates that Early circadian phenotypes have increased DMN FC compared to Late 

circadian phenotypes at all times of day (FDR corrected at p<0.05).  For both seeds (PCC and mPFC) 

there were significant differences from the seed to the bilateral inferior temporal gyri, angular gyri, 

parahippocampal gyri and right anterior insula as well as between the PCC and mPFC. FC correlation 

values between the PCC and mPFC correlated with chronotype as well as performance variables.  

Conclusion:  There are significant differences in resting FC patterns between Early and Late circadian 

phenotypes.  This study provides insight into how circadian phenotype is linked with FC.  
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The members of the p160 family of coactivator, which include SRC-1, GRIP1 and pCIP are involved in 

the transactivation of nuclear hormone receptors such as glucocorticoid receptors by binding them 

directly and recruiting CBP/p300 cofactors. It is known that Bmal1 transcription is positively and 

negatively regulated by RORŬand Rev-ErbŬ, respectively, via ROR response elements (ROR-RE) located 

in the Bmal1 promoter region. In this study, we demonstrated that the RORŬ-stimulated Bmal1 

transcription was enhanced by p160 factors significantly. No enhancement was observed in the Bmal1 

promoter with deletion of the ROR-REs. Two hybrid studies indicated that RORŬ interacts with p160 

directly. Transfection of p160 expression constructs enhanced the amplitude of Bmal1 promoter 

oscillation without affects on phases and period lengths. Dominant negative  p160 coactivators reduced 

the amplitude. These results indicate that p160 have important roles in the regulation of Bmal1 oscillation. 
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Circadian oscillations are daily periodic fluctuations of transcripts and proteins with a very significant 

impact in the regulation of gene expression programs in all cell types of the human body. This gene 

expression fluctuations are regulated by several feedback loops generated by the molecular clock every 24 

hour. Emerging studies show that the molecular clock is a source of cell-cell functional heterogeneity in 

adult stem cell populations and might play a key role in cell differentiation. In the case of pluripotent 

Embryonic Stem Cells (ESCs) sparse evidence suggests that components of the molecular clock do not 

fluctuate following a circadian pattern. However, there is contradictory evidence that suggest that glucose 

uptake follows a circadian pattern in ESCs. Our preliminary results show that expression of core 

components of the molecular clock in "naive "and "primed" ESCs  is similar to the level found in cell-

types with canonical functioning circadian oscillations such as neural stem cells and fibroblasts. Taken 

together, published studies along with our early results suggest a non-canonical functioning of the 

molecular clock in ESCs. We will discuss the implications of our observations as well as future 

directions.  
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A food reward can serve as a synchronizing cue for the circadian system but ways how its regulatory 

effect takes place are unclear. We investigated effects of food reward with small hedonic and caloric 

value provided for 3 or 16 days during light phase of 24h cycle to Wistar rats. Gene expression profiling 

was used to identify genes responsive to food reward. Transcriptional factor egr1 was identified as a 

possible mediator of food reward effect. In parallel with egr1, expression of per2 was measured in the 

suprachiasmatic (SCN), arcuatus (ARC) and dorsomedial (DMH) hypothalamic nuclei and liver by real 

time PCR. Locomotor activity and plasma metabolites were determined to monitor overt daily rhythms. 

Effect of food reward on gene expression was compared to effect of light pulse. Evaluated tissues showed 

a distinct daily pattern in per2 expression that was emphasized or unchanged by food reward 

administration. per2 expression was responsive to the light pulse only in the SCN and ARC. Expression 

of egr1 was rhythmic in the SCN, DMH and liver and food reward weakened or diminished this rhythm. 

Expression of egr1 was light inducible in all tissues. Daily rhythm in glycemia was amplified by food 

reward. On the contrary, daily pattern in triglycerides concentration was weakened by food reward. We 

suppose that egr1 can mediate synchronizing effect of food reward in the DMH and possibly integrate it 

with other signaling to the SCN. Research was supported by VEGA 1/01/0499/15. 
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Circadian rhythms are thought to have evolved to enable free-living organisms to synchronise the 

processes underpinning survival and reproduction to daily changes in the environment. Rhythms also 

enable parasites to maximise fitness in the context of ecological interactions with their hosts. Daily 

rhythms are usually maintained by transcription-translation feedback loops but how parasite rhythms are 

driven is a mystery. Because the rhythms of parasites matter for their fitness, understanding how they are 

regulated could lead to innovative ways to reduce the severity and spread of diseases. We examine how 

host circadian rhythms influence the daily developmental rhythms that underpin the within-host 

replication of malaria parasites. Given that rapid replication is responsible for the severity of malaria 

infection and fuels transmission of the disease, it is remarkable that the drivers of the parasiteôs rhythms 

are not understood. We mistime feeding regimes of hosts by 12 hours (i.e. diurnal feeding in nocturnal 

mice) to desynchronise their peripheral oscillators from the central oscillator in the brain. In mice with an 

altered feeding schedule, the development rhythms of rodent malaria parasites become inverted relative to 

the rhythms of parasites in control hosts. Our results identify that the hostôs peripheral rhythms associated 

with the timing of feeding and metabolism, but not rhythms driven by the central, light-entrained 

circadian oscillator in the brain, are responsible for parasite rhythms. Further, that parasite development 

remained synchronous whilst the phase of their rhythms changed suggests that parasites organise their 

own rhythms based on a time-of-day cue in their environment. Counter to expectation, the severity of 

symptoms experienced by hosts was not affected by desynchronization of their central and peripheral 

rhythms. Our study illustrates that the intersection of disease ecology and chronobiology opens up a new 

arena for studying host-parasite-vector coevolution and has broad implications for applied bioscience. 
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Yeast respiratory oscillations (YROs), are metabolic rhythms that share diverse features with circadian 

rhythms including temperature compensation and period determination by casein kinase 1, suggesting 

they either represent an ancient and conserved phenomenon that is likely to be driven by mechanisms 

common to all aerobic eukaryotes, or draw on general metabolic functions. The YRO is highly amenable 

to systems-wide analysis. We have generated a comprehensive description of metabolites, proteins and 

protein modifications in yeast undergoing oscillations of different periodicities and used it to derive a 

quantitative mechanistic model. Our data identifies novel features shared between circadian rhythms and 

YROs, describes a logic for the sequential occurrence of distinct metabolic processes and shows how the 

remodelling of cellular function is underpinned by cycles of anabolism and catabolism.  
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Most of all organisms have adopted to a circadian rhythm of almost 24h that is determined by the cycle of 

light and darkness. The circadian timeline is based on a molecular genetic network of transcriptional 

feedback loops of clock genes including transcription factors like Bmal1, Cry1/2 and Per1/2/3. It has been 

shown that the molecular clock is cell autonomous and the period length calculated from skin fibroblasts 

represents sleep behavior in test subjects. 

  

Methods: 

Patients suffering from idiopathic hypersomnia (IH) were screened by polysomnography in our sleep 

laboratory and diagnosed according to the ICSD3-criteria. In order to gain insight into the molecular 

mechanism of the disease we collected fibroblast from skin biopsies of IH patients and healthy subjects. 

Initially, the expression of circadian genes had been analyzed by RT-PCR from RNA obtained from 

fibroblasts of IH patients. 

To get further insights in the regulation of circadian rhythm we determined the period length of the 

fibroblast cells by lentiviral infection with a construct expressing the luciferase gene under the control of 

a Bmal1 promoter. Luminescence was detected from fibroblasts after infection and addition of the 

luciferase substrate luciferin. The period length of the fibroblasts was calculated using the Multicycle 

software (Actimetrics, USA) with the running average method. 

  

Results 

In fibroblasts from patients suffering from idiopathic hypersomnia, clock gene expression exhibited a 

diminished amplitude ofBMAL1 which was significantly reduced by 63% (P=0.004) compared to healthy 

controls. The amplitude of PER1 was reduced by 45% (P=0.048) compared to the control group. Analysis 

of the circadian period of the fibroblasts revealed an increase in period length by about 0.5 h from 25.1h 

(healthy control) to 25.6h (IH). 

  

Conclusion 

We found deregulation of the expression of circadian-clock genes in terms of dampening of the amount of 

mRNA and a shift in the circadian period towards longer periods. Although it is not clear whether this a 

consequence or a cause of the sleep behavior pattern of the patients it suggests that the patients might 

benefit from treatments correcting the circadian period length. 
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Daily regulation of behavioural and physiological processes is maintained by the function of the circadian 

system that consists of the principal clock in the suprachiasmatic nuclei of the hypothalamus and 

peripheral clocks. Epidemiologic studies have demonstrated that chronic circadian disruptions, e.g., due 

to irregular lifestyle/working schedule or aging, may lead to the development of severe disorders 

including gastrointestinal inflammatory diseases and various types of cancer. The development of these 

disorders and circadian disruption are tightly related to changes in the state of the immune system. 

To study the impact of circadian disruptions on the immune system, we aimed to ascertain the effect of 

various conditions affecting the circadian regulation of behaviour on the expression of selected immune 

markers, namely TnfŬ, Il1a, Il17ra, Stat3 and Rgs16, in the rat colon. 

We found out that circadian disturbances, assessed at the behavioral level as a sleep/wake cycle 

disruption, correlated with the impact on the immune state in the colon. The aging with or without 

melatonin had only a minor effect on behaviour and slightly promoted pro-inflammatory state in the colon 

via downregulation of the anti-inflammatory marker Rgs16. Similarly, procedures involving repeated 

phase shifts of the light/dark cycle significantly decreased the expression of Rgs16 in the colon. Notably, 

exposure to constant light, which led to abolishment of the circadian behavioural activity, robustly 

upregulated the expression of pro-inflammatory markers in the colon. 

The results showed that disruptions of the circadian behavioural activity and related sleep/wake cycles 

may induce selective pro-inflammatory responses in the colon of healthy animals. The data demonstrate 

the relationship between circadian disruptions due to the modern lifestyle and the incidence of various 

gastrointestinal diseases related to inflammation.  
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The mechanism of age-dependent worsening in circadian regulation of behavior is still poorly understood. 

Specifically, it is not clear to what extend the ability of the circadian clock in the suprachiasmatic nuclei 

(SCN) to generate the rhythm is affected by aging. We studied the effect of aging on the bioluminescence 

rhythms of the SCN explants from mPer2Luciferase mice that were maintained in LD12:12, DD or LL 

conditions. Under LL, which worsened the age-induced effect on behavioral rhythms, a marginal age-

dependent effect on in vitro rhythmicity in explants containing selectively the middle regions of the SCN 

was apparent. The effect was likely due to weakening in the coupling among oscillators in specific sub-

regions of the SCN. Under LD12:12 and under DD, the SCN ability to produce bioluminescence rhythms 

in vitro was not compromised in aged mice although aging significantly affected their SCN-driven 

locomotor activity rhythms. Therefore, our results demonstrate that although the age worsened the SCN 

output rhythm, the SCN molecular core clock mechanism itself was relatively resilient to aging in these 

same animals, suggesting that pathways responsible for this phenomenon are downstream of the core 

clock mechanism. 

The study was supported by Czech science foundation grant P30412G069.  
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The circadian clock regulates many aspects of immunity, and a functional clock is critical to regulate 

acute responses to pathogens.  Relatively little is known about the role of the clock in regulating ongoing 

persistent inflammation, such as the chronic joint inflammation underlying rheumatoid arthritis (RA).   

Typically, RA patients exhibit heightened levels of circulating pro-inflammatory cytokines in the early 

morning, accompanied by increased joint stiffness and pain.  We recently showed that the murine model 

of inflammatory arthritis  - collagen induced arthritis - replicates these observations.  A functional 

oscillator persists within the inflamed joints of mice, driving circadian rhythms in pro-inflammatory 

markers.  There is a significant repression of pro-inflammatory markers during the animalôs active phase 

(ZT12 and ZT18), which was accompanied by an increase in anti-inflammatory markers (Hand et al., 

FASEB 2016).   

 

Analysis of the cellular composition of arthritic joints during the peak (ZT6) and nadir (ZT18) of 

inflammation revealed that whilst macrophage and neutrophil numbers remain consistent, numbers of 

CD3+ T cells are higher at ZT18.  Further analysis revealed that of the T cell subtypes analysed, only 

regulatory T cells (Tregs; CD3+ CD4+ CD25+ FoxP3+) showed significant diurnal fluctuations in numbers 

at the site of inflammation.   Furthermore, expression of Treg activation markers, such as neuropilin 1 

(NRP1), increased at ZT18.  Tregs are critical for controlling the magnitude of immune responses and 

suppressing the development of autoimmune disease.  They inhibit the pro-inflammatory activity of CD4+ 

and CD8+ T responder cells and of macrophages.  Intriguingly our studies suggest the absence of a 

functional clock within Tregs.   

 

To conclude, we suggest that under chronic inflammatory conditions, circadian derived signals induce 

dynamic changes in the numbers and activity of Tregs, resulting in enhanced suppression of inflammatory 

pathways during the active phase.   
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Introduction:   In addition to the 24h light-dark cycle research also suggests that human circadian 

rhythms can be phase shifted by other non-photic stimuli e.g. food, exercise and social cues. In this study, 

we investigated whether late circadian phenotypes can be phase advanced using non-pharmacological 

interventions (sleep timings, exercise and diet) in a real world setting.  

Methods:  Participants (N=22, 7 male, average age 21.32±0.70y) were randomly assigned to an 

experimental (n=12) or control (n=10) group.   All individuals completed sleep-related questionnaires, 

provided saliva samples to measure melatonin and cortisol at the start and end of the study and wore 

Actiwatches throughout.  After 2-weeks acclimatization participants visited the Birmingham University 

Imaging Centre to undergo testing at 14.00h, 20.00h and 08.00h, consisting of cognitive and physical 

performance testing.  Both groups were then given a schedule to follow for three weeks before returning 

for repeat testing.  Schedules included changes in sleep timings, exercise and diet which aimed to phase 

advance individuals (experimental) or not (control).  Results were analysed using GraphPad Prism7 

software with two-way ANOVA and post hoc tests. 

Results:    Individual reaction time (psychomotor vigilance task) and isometric grip strength were 

significantly better at 08.00h after interventions than before.  Actigraphy data showed a significant phase 

advance in both sleep and wake up times coupled with a phase advance in both melatonin (DLMO)  and 

cortisol (time of peak concentration) rhythms.  Depression, anxiety and stress scales also significantly 

decreased after the interventions.  There were no significant changes in the control group for all 

parameters discussed. 

Conclusion:  This study has shown that we are able to successfully shift late circadian phenotypesô 

physiology and behaviour and that this phase advance has a positive effect on psychology and 

performance.  This could provide exciting new behavioural techniques to aid in optimizing performance 

and well-being. 
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The master circadian clock of mammals resides in the suprachiasmatic nucleus (SCN) in the 

hypothalamus, and synchronizes to the environmental light-dark cycle. Light pulses induce phase shifts of 

the clock, the direction and magnitude being dependent on the timing: light at subjective early night 

causes phase-delays, light at subjective late night causes phase-advances. Similarly to nocturnal light 

exposure, intracerebroventricular injections of the cholinergic agonist carbachol induce biphasic clock 

resetting. Here, we examined the effects of carbachol on clock gene expression in Per1-luc SCN slice 

cultures. The administration of carbachol at 2-4h after the peak of Per1-luc expression delayed the timing 

of the next peak, but advanced it when administered 8-12h after the previous one. These biphasic effects 

were inhibited by muscarinic antagonist atropine but not by nicotinic antagonist mecamylamine. Analysis 

of muscarinic receptor subtypes expression in the SCN by in situ hybridization revealed the presence of 

M3 and M4 in the SCN. These findings suggest that carbachol phase-dependently induces phase-advances 

or phase-delays via these muscarinic subtypes. From these data, we observed that the phase-response 

curve to carbachol is shifted to the left compared to that of NMDA, suggesting that the opening of the 

cholinergic gate occurs earlier and may interact with subsequent NMDA signaling.  
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Background: Circadian misalignment has been associated with obesity and insulin resistance. Recently, 

we demonstrated a day-night rhythm in human skeletal muscle mitochondrial function. It is tempting to 

suggest that a reduced or a shifted rhythm of mitochondrial function might be involved in the 

development of insulin resistance by circadian misalignment. However, direct effects of circadian 

misalignment on peripheral insulin sensitivity have never been investigated. 

Methods: Fourteen healthy young lean men participated in a randomized cross-over study to determine 

the influence of controlled circadian misalignment on insulin sensitivity, assessed by hyperinsulinemic 

clamping. Participants were studied after a 3-day control period and after a 3.5-day misalignment period 

performed by a 12-rapid shift in a respiration chamber, isolated from time cues. Whole body indirect 

calorimetry was performed to assess resting metabolic rate and substrate oxidation. Sleeping metabolic 

rate (SMR) was measured with whole room indirect calorimetry. Glucose, FFA and triglyceride levels 

were determined in plasma samples after an overnight fast (either at 7 AM or 7 PM). 

Results: Circadian misalignment resulted in a significant decrease in insulin stimulated glucose disposal 

(Glucose infusion rate: 8.7 ± 1.8 vs. 7.8 ± 1.8 mg/kg/min; control vs. misalignment; p=0.04). Fasting 

glucose and FFA levels were higher in circadian misalignment (Glucose: 5.0 ± 0.2 vs. 5.2 ± 0.2 mmol/l; 

control vs. misalignment; p=0.01; FFA: 390 ± 174 vs. 525 ± 179 µmol/l; control vs. misalignment; 

p=0.006).  

Participants had higher SMR in circadian misalignment (4.94 ± 0.48 vs. 5.14 ± 0.57 kJ/min; control vs. 

misalignment), while resting metabolic rate tended to increase (5.06 ± 0.58 vs. 5.33 ± 0.63 kJ/min; control 

vs. misalignment; p=0.08).  

Conclusions: Controlled circadian misalignment leads to decreased peripheral insulin sensitivity, 

supporting a causal role of circadian misalignment in the development of type 2 diabetes mellitus. Further 

analysis ï including markers of mitochondrial metabolism ï is currently ongoing. 
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Mammals adapts their physiological functions like reproduction or metabolism to the seasons.  The major 

environmental synchronizer is the light duration during 24h called photoperiod. Reproduction in most of 

the mammals is activated by summer long photoperiod whereas it will be inhibited in winter short 

photoperiod. If inhibitory short photoperiod is maintained over 20 weeks reproduction axis will escape to 

the photoperiodic control and reactivate endogenously. On male Siberian hamster, an hypothetic 

molecular pathway linking change in photoperiod to change in reproductive capability has been proposed. 

The melatonin is synthetized by the pineal gland only during the night. The summer short melatonin 

peaks remove the inhibition of the melatonin on pars tuberalis TSH production. This TSH will stimulate 

tanycytes and induce overexpression of Deiodinase 3 and inhibition of Deiodinase 3. This lead to a global 

increase of active thyroid hormone T3 in the mediobasal hypothalamus.  By an unknown mechanism, T3 

would increase neuropeptides Kisspeptin and RFRP3 expression (Revel et al., 2006, 2008), two well 

know regulators of the hypophyso-gonadotropic axis (HPG axis). 

However, nothing is known about the endogenous reactivation of the reproduction. My goal was to 

confirm the hypothetic pathway and study its role in the endogenous reactivation. My results suggest the 

presence of an activation mechanism using 2 pathways, a fast one Deiodinase 3 dependent and a slower 

one TSH, Dio2 and neuropeptides dependent.  Dio3 catabolize thyroid hormones which are able to 

activate the reproduction, the next part of my project is to confirm that Dio3 inhibition is enough to 

produce a hypothalamic T3 peak able by itself to produce HPG axis activation.  To finish we will analyze 

effects of Dio3 potential regulators suggested by bibliography, and we will research other candidates by 

RNA-seq.  

 

  



128 
 

P.50 

Circadian oscillation of PER2::LUC in cultured mouse testis 
 

Hideaki Oike 1, Nanako Ito1, Koyomi Miyazaki 2 

 
1 Food Research Institute, National Agriculture and Food Research Organization (NARO); 2 National Institute of 

Advanced Industrial Science and Technology (AIST) 

 

 

Circadian expression of clock genes is detectable in most tissues in mammals. However, unlike other 

peripheral tissues, several reports have shown that the testis does not exhibit circadian oscillation, 

although they express clock genes. First, we examined expression levels and oscillation of 9 clock genes, 

Per1, Per2, Per3, Bmal1, Npas2, Dbp, Cry1, Cry2, and Rev-erbŬ in C57BL/6J mice. Consistent with 

previous reports, circadian oscillation of clock genes was not detected in the testis, whereas, circadian 

oscillation was clearly seen in the liver and white adipose tissue (WAT). Expression levels of Per1, Per2, 

Cry1, and Cry2 were significantly higher in the testis than in the liver and WAT. Next, we examined 

reporter luminescence of PER2::LUC in cultured testis explants. The results showed that the testis 

explants displayed clear luminescence of circadian oscillation under cultured condition. Seminiferous 

tubules and interstitial cells showed similar circadian oscillations. Bioluminescent analysis at the cellular 

level showed that many cells in the seminiferous tubules show clear luminescence of circadian oscillation. 

Notably, the phase of circadian oscillation of the testis explants depended on the time elapsed since the 

beginning of culture, whereas the phase in the liver explants depended on the subjective time in the 

mouse. Moreover, typical synchronizers for peripheral tissues, such as dexamethasone, insulin, or 

temperature-change also cause phase shift in the testis explants. These results suggest that many cells in 

the testis have circadian clocks and are easily synchronized by culture stimuli. 
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Aging is often accompanied by fragmentation or loss of circadian rhythmicity of behavior in mice, which 

is suggested to be a consequence of reduced synchronization of rhythms in electrical activity in neurons 

of the suprachiasmatic nucleus (SCN). The SCN is essential for coordinating circadian rhythms in 

physiology and behavior, and can also encode day length. Exposure to long-day photoperiod results in a 

wider phase distribution of single-cell oscillations in electrical activity and clock-gene expression when 

compared to short-day photoperiod. It is assumed that this contributes to the adaptation to seasonal 

changes in the environment. In this study we investigated the effect of aging on the behavioral response to 

different photoperiods and whether this is correlated to aging-induced changes in gene expression 

rhythms in the SCN. 

We measured the behavioral and gene expression rhythms in two-year old mice. Behavior was recorded 

with passive infrared sensors, and gene expression using bioluminescence imaging of 

PERIOD2::LUCIFERASE. Prior to starting in vitro recordings of PER2 gene expression in the SCN, 

mice were exposed to either a long (LP; Light:Dark; 16h:8h), or short (SP; Light:Dark; 8h:16h) 

photoperiod. 

We found that with respect to behavioral rhythmicity, old mice are less capable of adjusting to 

photoperiodic changes compared to young mice. Conversely, the response in PER2 gene expression 

rhythms to photoperiodic changes seems to be largely intact; both in young and in old mice, single-cell 

PER2 clock gene expression is more dispersed in long photoperiod; the peak time distribution ï 

represented by the standard deviation of the first peak in PER2 expression ï was significantly larger in 

long days than in short days (young: LP, SD = 2.32h, SP, SD = 1.28h P < 0.001; old: LP, SD = 2.99h, SP, 

SD = 1.34h, P < 0.001). These data suggest that aging-related deficits in adaptation to different 

photoperiods are downstream from the molecular clock. 
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Though it has been known for several decades that daily rhythms are disrupted in patients suffering from 

major depressive disorders, the cellular and molecular mechanisms linking aberration in circadian / sleep 

rhythms and mood disorders is not well understood. The Social Zeitgeber theory of mood disorders 

proposes that stressful life events changes sleep/wake schedule that alters cellular and molecular rhythms 

in vulnerable individuals, leading to mood disorder. Brain regions implicated in mood-regulation and 

reward exhibit circadian oscillations in gene expression, neural activity, neurotransmitter and receptor 

levels. Furthermore, neuroanatomical observations show robust circuit connections between the circadian 

master clock, suprachiasmatic nucleus (SCN) and sleep promoting region, the ventral lateral preoptic 

nucleus (vLPO), to brain regions that regulate mood and motivated behaviours such as the Ventral 

Tegmental Area (VTA), Dorsal Raphe Nucleus (DRN), Lateral Habenula (LHb), Laterodorsal Tegmental 

Nuclei (LDTg) and Pedunculopontine Tegmental Nuclei (PPTg). We use a combination of a rodent model 

of depression, the chronic social defeat (CSD) stress paradigm together with in vitro / in vivo 

electrophysiological techniques and wheel running activity to determine the effects of stress induced 

expression of depression-like behaviour on neural activity in brain regions regulating mood, circadian and 

sleep-wake rhythms. We present preliminary evidence showing the effects of stress on: a) neural activity 

of brain regions that encode for mood and motivational behaviours such as the LHb, VTA, DRN and 

LDTg and b) circadian rhythmicity and sleep-wake cycle. 
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Accumulating evidence from human and experimental data indicates the involvement of the 

Suprachiasmatic Nucleus (SCN) and clock genes in the pathophysiology of hypertension. Cry null mice 

exhibit salt-dependent hypertension and AVP and VIP neurons of the SCN were depleted in SCN of 

human hypertensive patients. Besides, transplantation of hypothalamic tissue containing SCN from 

hypertensive rats to normotensive ones results in development of hypertension. Consistent with these 

anatomical data, hypertensive animals show several disturbances in their circadian rhythms as human 

hypertensives i.e. inverted and non-dipping blood pressure profiles. In spite of this evidence on SCN and 

clock genes involvement of hypertension, most of the studies have focused on long term alterations. In the 

current study we investigated whether the observed anatomical changes of the SCN could be cause or 

consequence of hypertension. A set of experiments analyzed the development of the SCN in 

spontaneously hypertensive rats (SHRs) and their normotensive controls, as well as after 2K1C-Goldblatt 

induced hypertension in rats and their sham- operated controls. Neuroanatomical evaluation of the 

hypothalamic tissue containing the SCN was performed before, at the onset, and after the animals 

established hypertension. Optical density analysis revealed increased VIP but decreased AVP content in 

SCN only after animals established spontaneous hypertension. In contrast in the 2K1C-Goldblatt induced 

hypertension animals no changes in the SCN could be observed. These results suggest that early changes 

in the SCN could be responsible for the onset of hypertension in SHR animals, on the other hand lack of 

changes after induction of hypertension indicate that increased blood pressure does not immediately 

change neuropeptide production in the SCN. 
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Paraspeckles are proteinaceous subnuclear structures assembled around the two isoforms of the lncRNA 

Neat1, and contain one or more members of the DBHS family of RNA-binding proteins (NONO, SFPQ, 

PSPC1). DBHS proteins have been shown previously to interact with the circadian clock PER proteins, to 

modulate clock-dependent transcriptional repression, and to regulate inhibitory synaptic structure. 

Although neurons do not express the long isoform of Neat1, which is necessary for paraspeckle 

formation, DBHS proteins still localize in specific foci inside the nucleus, creating paraspeckle-like 

aggregates we called neurospeckles. Here we probe their potential function in sleep-wake regulation.  

 

The abundance of speckle components in neurons changes both in vivo and in vitro across sleep-wake 

transitions in a circadian and activity-dependent fashion, and rearrangement is possibly regulated via the 

mGluR5 pathway involving PKC. Cellular depletion of speckle-associated components NONO, PSPC1, 

and Neat1 affects the cortical transcriptome in response to sleep deprivation. Supporting the importance 

of this role, global depletion affects subsequent sleep. While NONO-/- and Neat1-/- show overall 

shallower sleep, PSPC1-/- mice lack a homeostatic response to sleep deprivation, implicating a role of 

neurospeckles and their associated proteins in sleep-wake-regulation.  

 

Altogether, we propose a role of neurospeckles in the control of sleep-wake-dependent gene expression 

via localization of specific transcripts and proteins, thereby adapting neuronal function at the synapse. 
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Chronotype refers to individual differences in biological rhythm. It is genetically determined and forms a 

continuum from early to late types. Late types have often been associated with health problems and 

poorer academic achievement and career success. In this review it is hypothesised that these relationships 

are not direct, but rather mediated by social jetlag. Social jetlag is caused by misalignment between 

internal and external time, and characterised by sleep deprivation, reduced sleep quality, and daytime 

sleepiness. Since most people are not early types, but society is morning-oriented, the majority of people 

suffer from social jetlag to some degree. This can have widespread negative consequences. Adolescents 

seem particularly vulnerable to the effects of social jetlag, partly as a result of a shift towards lateness 

during this period. This review shows that the literature indeed suggests a central role for social jetlag in 

the relationships between chronotype and mental and physical health, academic achievement, and career. 

Educating people on the existence, effects, and importance of biological rhythm is advised, so people may 

make changes in their lifestyle. It is recommended to delay school and work start times to minimise social 

jetlag. Such adjustments are believed to be advantageous to all chronotypes. 
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Characterising metabolites that are regulated by the human endogenous circadian timing system could 

help to determine the underlying mechanisms linking circadian misalignment and metabolic disorders. In 

previous human circadian metabolomics studies (constant routine conditions), only male participants have 

been studied. The aim of the current study was to assess sex differences in circadian metabolite rhythms.  

Participants (10 males, 22.6±2.6 years; 10 females 23.3±3.8 years, taking combined oral contraceptives) 

were studied in constant routine conditions (dim light (<5 lux), semi-recumbent posture, continual 

wakefulness, hourly isocaloric snacks). Targeted LC/MS metabolomics1 was used to measure 127 

metabolites from five different metabolite classes (amino acids, biogenic amines, acylcarnitines, 

glycerophospholipids and sphingolipids) in 2-h plasma samples collected across 28 h (16.00 h day 1 ï 

20.00 h day 2).  

 

Orthogonal partial least squares discriminant analysis (OPLS-DA) models showed a clear separation 

between the sexes (Q2(cumulative)=0.957, R2X(cumulative)=0.623; R2Y(cumulative)=0.968). 

Significant sex differences (FDR-adjusted p-value <0.05) were observed in 95/127 (75%) of the identified 

metabolites, most amino acids, biogenic amines and acylcarnitines being reduced (90%) and most lipids 

(70%) being increased in females. By contrast, Ò20% of the metabolites exhibited significant cosine 

rhythms (n=23 in males; n=26 in females). Rhythmic metabolites in both sexes (n=13, 10%) had similar 

peak times. Metabolites with robust circadian rhythms in Ó70% of the participants were threonine, 

citrulline, tyrosine, PC aa C32:1, tryptophan (men only) and alanine (men only).  

 

In summary, in constant routine conditions, few circulating metabolites (10%) exhibit circadian rhythms 

in both sexes. Sex differences in metabolite levels depended on the metabolite class. 

     
Funded by BBSRC (grant BB/I019405/1)  

 
1Davies, S.K., Ang, J.E., Revell, V.L., Holmes, B., Mann, A., Robertson, F.P., Cui, N., Middleton, B., Ackermann, K., 

Kayser, M., Thumser, A.E., Raynaud, F.I. and Skene, D.J. Effect of sleep deprivation on the human metabolome. 

Proc. Natl. Acad. Sci. USA (2014) 111, 10761-10766.  
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Purpose. Glaucoma, a multifactorial progressive optic neuropathy, can be associated with rest-activity 

cycle changes and sleep disturbances. Such alterations could originate from a sub-optimal circadian 

photo-entrainment by the impaired non-image forming (NIF) ocular photoreception mediated by rods, 

cones, and blue-light-sensitive melanopsin containing retinal ganglion cells (mRGCs). This study 

investigates the integrity of NIF photoreception in early-stage primary open-angle glaucoma (POAG) 

using chromatic pupillometry. 

 

Methods. Forty-six patients with early-stage POAG (63.4 ± 8.3 years) and 90 age-matched healthy 

controls (61.4 ± 8.6 years) were included in this cross-sectional study. Early-stage POAG had visual field 

mean deviation (VFMD) scores Ó-6dB on automated perimetry. After an extensive ophthalmic 

examination, each participant underwent a 2-minute exposure to blue light (469 nm) followed by a 2-

minute exposure to red light (631 nm). The intensity of the light-stimuli increased logarithmically (8.5-

14.5 Log photons/cm2/s). Light-induced changes in pupil diameter were assessed monocularly using an 

infrared pupilometer, and individual dose-response curves were constructed for each stimulus. Dose-

response curves were compared between groups and across light intensities using a linear mixed model 

analysis.  

 

Results. Light-induced pupillary constriction was reduced in early-stage POAG patients at moderate to 

high irradiances (Ó 11 Log photons/cm2/s) of blue (P=0.003) and red (P<0.001) lights. Maximal 

baseline-adjusted pupil constriction under both lights, significantly correlated with retinal nerve fiber 

layer (RNFL) thickness (blue: r=0.51, P<0.001; red: r=0.45, P=0.002) in POAG patients, but not in 

controls. Conversely, VFMD scores were not correlated with RNFL thickness nor with maximal 

baseline-adjusted pupil constriction in POAG patients. 

 

Conclusions. Early-stage POAG is associated with reduced pupillary responses to moderate and high 

irradiances of blue and red lights. This wavelengthïindependent alteration in NIF photoreception 

correlates with structural thinning of the RNFL, and could be the consequence of disrupted integrative 

functions and/or degeneration of mRGCs in the early stages of the disease.  
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Symptoms of allergic rhinitis (AR) show marked circadian variation, being worst from nighttime to the 

early morning. The circadian clock is suggested to regulate these symptoms, yet underlying mechanisms 

are mostly unknown. In addition to the neural and humoral signals from the central clock, the circadian 

rhythms in the local immunoreaction may also affect these symptoms. Previously, we demonstrated a 

robust circadian PER2 rhythm in the mouse nasal mucosa which was phase-dependently phase-shifted by 

dexamethasone. In the present study, we examined the involvement of the nasal clock in circadian 

variations of AR symptoms. 

Mouse models of AR were developed by immunizing them with ovalbumin followed by acute antigen 

challenge, and PER2 levels in their nasal mucosa were measured by real-time bioluminescence recording. 

Then, the day-night variations in the responses to antigen exposure were examined by measuring 

expression levels of Il -4 and Muc5ac in the nasal mucosa. We also examined the behavior activity 

rhythms of the AR model mice. 

In AR model mice, immunization and acute antigen challenge had no significant effect on the circadian 

PER2 rhythms in the nasal mucosa. On the other hand, allergen challenge at dawn induced higher AR 

symptoms than that at dusk in immunized group. Muc5ac expression levels were significantly higher in 

the AR models than controls independent of exposure time. Il -4 expression levels increased by allergen 

challenge at dawn and lost the day-night variation, which was characteristic to the controls. In the AR 

models, the behavior activity during the dark phase tended to be suppressed compared with control 

conditions. 

Our results suggest that AR did not alter the peripheral clock in the nasal mucosa. Nevertheless, it 

modifies the circadian rhythms in the local inflammatory mediators, such as IL-4 in the nasal mucosa, 

which may affect the behavior activities. 
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Background 

In recent years, emerging evidence suggests that the timing of food intake may play an important role in 

cardiometabolic health. Late intakes of a large amount of calories and breakfast skipping have been linked 

to obesity. However, few studies have examined the timing of intakes of specific macronutrients in 

relation to obesity. Moreover, little is known about whether the association between timing of food intake 

and obesity differ by chronotype, another important behavioral manifestation of circadian rhythms.  

Methods 

We studied the timing of food intake in relation to body mass index (BMI) in 930 US men and women 

aged 50-74 years. Daily intakes of total calories and macronutrients (protein, carbohydrate, sugar, fiber, 

total fat, cholesterol, saturated fat, monounsaturated fat and polyunsaturated fat) were measured by six 

24-hour dietary recalls throughout a year. We calculated the percent of intake in six four-hour periods 

within 24 hours (0:00-3:59, 4:00-7:59, 8:00-11:59, 12:00-15:59, 16:00-19:59, 20:00-23:59) for total 

energy intake and each macronutrient, and estimated their relationship with BMI using multiple linear 

regression adjusted for age, sex, race, sleep duration, midpoint of sleep, physical activity, sedentary time 

and total energy intake. 

Results 

We found that a higher percent of daily energy intake between 16:00 and 19:59 was associated with 

higher BMI (Q5 vs Q1,  (95% CI), kg/m2: 1.03 (0.12, 1.94)). This association was primarily driven by 

carbohydrates (1.12 (0.21, 2.03)), particularly sugar (1.25 (0.36, 2.14)), and saturated fat (1.05 (0.13, 

1.97)). We further performed stratified analysis by the median of the midpoint of sleep, and we found that 

the associations were only observed among people with an earlier midpoint of sleep.  

Conclusion 

For people with an earlier sleep timing, higher energy intake, particularly intakes of carbohydrates, sugar 

and saturated fats, in the late afternoon and early evening may be linked to higher BMI. 

  



138 
 

P.60 

Defining the relative contribution of cones and melanopsin to the SCNôs response to 

changes in ambient light level under naturalistic viewing conditions 
 

Josh Mouland*, Franck Martial*, Tim Brown*, and Rob Lucas* 

 
*University of Manchester, UK 

 

 

All three classes of mammalian photoreceptors (rods, cones and ipRGCs) relay photic information to the 

suprachiasmatic nucleus (SCN). Understanding the relative contribution of each class of photoreceptor 

will aid researchers, lighting designers and clinicians to better design light stimuli. To date the majority of 

research and clinical therapies use diffuse bright light to increase neuronal firing rate within the SCN or 

reset the endogenous clock. These stimuli are in stark contrast to the light environment that one 

experiences on a day to day basis, where the environment is rich in both spatial and temporal modulations 

in light intensity. This differentiation is important as cones are highly specialised to detect changes in 

light intensity (contrast) and are therefore likely to be underrepresented in the current view of how the 

SCN responds to ambient light. We therefore ask how ambient light is encoded in the presence of other 

visual features. Our hypothesis is that melanopsin produces the maintained activity according to ambient 

light, whilst cones drive responses to modulations in both space and time. We tested this by 

independently changing either melanopsin irradiance or cone irradiance using the technique of receptor 

silent substitution. Using a custom-made projector system, we were able to present a movie while 

independently controlling effective irradiance for cones vs melanopsin. This was presented to urethane 

anaesthetised mice whilst we recorded multiunit activity from within the SCN using multi-channel 

extracellular electrodes. Our preliminary results suggest that under natural viewing conditions the SCNôs 

response to light can be almost entirely attributed to the change in melanopic irradiance. The implications 

of these findings are that artificial lights can be biased towards or against melanopsin, to better align with 

the desired physiology. 
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The lateral geniculate nucleus (LGN) is a three-part retinorecipient thalamic structure serving both vision 

and non-vision forming functions. Subpopulation of LGN neurons is characterised by isoperiodic, infra 

slow oscillation (ISO; <0.01Hz) in the rate of action potential firing. This ISO is common in the 

subcortical visual system and is synchronised among nuclei innervated by the same eye. Recently a new 

feature of light responsive neurons in the suprachiasmatic nuclei (SCN) has been described ï harmonic 

distribution pattern (HDP) of interspike intervals (ISI), revealing fundamental frequency of ca. 30Hz. The 

aim of this study was to determine the existence of HDP in the firing of the rat LGN.  

Single- or 32-channel extracellular recordings of neuronal firing were performed on in vivo (urethane 

anaesthesia) and in vitro preparations of Wistar rat brain. In vivo recordings were performed in 

experimentally controlled lighting conditions and during alternating brain states determined by EEG 

monitoring. 

We have discovered harmonic distribution pattern (HDP) of interspike intervals (fundamental ISI ~25-30 

ms) in half of the in vivo recorded LGN and OPN neurons that were characterised by ISOs. In contrast, 

this pattern was not observed in vitro. HPD was resistant to sustained light changes, although altered by 

transient (5 s) light pulses in the intensity-dependent manner. Inactivation of contra- but not ipsilateral 

retina (TTX injection) abolished HDP observed in LGN. HDP was correlated within each LGN and OPN 

and also between ipsi- but not contralateral nuclei.  

For the first time we show that in LGN and OPN there is a subpopulation of neurons that fires in 

synchrony, governed by common HDP - phenomenon strongly connected with ISOs. Our results, 

combined with observation in SCN, allow as to propose the retina as a common source of HDP in light-

responsive neurons and bring us closer to understanding the function of widespread retinal innervation of 

the mammalian brain.  

Supported by MSHE grant: 0001/DIA/2014/43 
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Objectives.  

We aimed at assessing whether a new generation of head-mounted light therapy devices, enriched in blue 

wavelengths, was able to suppress melatonin secretion and to improve vigilant attention in the late 

evening hours. We also assessed whether using such light device is associated with discomfort and 

physiological stress.  

Methods. 

Seventeen healthy young participants (8 females; 22.8±1.8 years) without sleep complaints followed a 

regular sleep-wake schedule, verified by actigraphy, the week preceding each of two in-lab experimental 

conditions. Participants entered the laboratory 7h before usual bedtime. They were kept under dim light 

conditions for 5h before being exposed in a counterbalanced within subjects design for 2h to a blue-

enriched light (1500 lux) or to a ñplacebo-likeò red light (150 lux). Light was delivered using a LED 

head-mounted portable device (Luminettes ® ï Lucimed). Participants were kept under dim light for 1.5h 

following light exposure prior to leaving the lab. On multiple occasions, saliva samples, subjective 

sleepiness and comfort scores were collected, together with vigilant attention assessments. 

Results.  

A significant light condition*session interaction (F(11,364) = 3.28; p = 0.0003) indicated that while not 

differing between conditions before light exposure, melatonin levels were significantly reduced during the 

blue-enriched light, compared to the placebo exposure. For vigilant attention, a significant light 

condition*session interaction (F(9,302) = 2.3; p = 0.017)  revealed that attentional lapses (RTs > 500 ms) 

were reduced at the end of the blue-, compared to the red-light exposure. Neither cortisol levels nor 

comfort significantly differed between the two light conditions (all ps > 0.05).  

Conclusions. 

The results suggest that blue-enriched light delivered by a new generation head-mounted device elicits 

typical non-visual responses to light. These effects were observed in the absence of detectable discomfort 

and physiological stress assessed through salivary cortisol levels.  

 

Funding/Disclosures. This study was sponsored by Lucimed.  
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In Drosophila, the transcription factors dCLOCK (dCLK) and CYCLE (CYC) posit at the center of 

transcriptional translational feedback loop (TTFL) where dCLK plays major role to activate the 

expression of core clock genes and clock controlled genes. Many signaling pathways might converge on 

dCLK/CYC complex to regulate its activity to fine tune the cellular oscillator to the environmental time 

cues. Thus, we sought to identify components participating in dCLK regulation and performed tandem 

affinity purification (TAP) combined with mass spectrometry in S2 cells stably expressing FLAG/HA 

tagged dCLK and V5 tagged CYC. We identified SNF4Ag, mammalian homolog of AMPKg co-purified 

with FLAG/HA tagged dCLK. Moreover, SNF4Ag was absent in the TAP purification complex recovered 

using FLAG/HA tagged dCLKȹ657-707 of which transcriptional activity is significantly reduced, 

suggesting that AMPK associates with functional dCLK/CYC complex. Knockdown of AMPK subunits 

such as AMPKa, AMPKb, or AMPKg in timeless expressing cells in Drosophila resulted in arrhythmic 

or long period locomotor behavior indicating that AMPK plays crucial role in Drosophila circadian clock. 

In this talk, I will discuss how AMPK might function to control Drosophila circadian clock.  
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The mammalian retina is known to harbor an intrinsic circadian clock system which enables the retina to 

adjust its physiology to comply with marked daily changes in the environmental lighting conditions. To 

gain a view on the linkage between circadian clocks and diabetic eye disease - one of the most common 

causes of blindness in Europe and the USA - circadian adaptation of the retina was compared between 

diabetic (db/db) and non-diabetic (db/+) mice at the gene level. Genome wide expression analysis and 24-

h profiling of transcript amount revealed multiple alterations in circadian control of gene expression in 

diabetic mice. This suggests that clock-dependent adaptation of the retina is disturbed in diabetic 

retinopathy. Additional investigations are required to examine as to which extent the observed changes in 

circadian gene expression might promote the pathogenesis of diabetic retinopathy.  
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The pineal gland is a neuroendocrine circumventricular organ which main role is the secretion of 

melatonin under the influence of suprachiasmatic nucleus. Besides many different actions, melatonin is 

well known for its anti-inflammatory effects. Less is known about the immune system impact on 

melatonin biosynthesis although the reciprocal interplay between the pineal gland and immune system has 

been suggested. It has been demonstrated that lipopolysaccharide (LPS), the endotoxin from gram-

negative bacteria, reduces melatonin synthesis and induces the expression of the serine protease inhibitor 

3 (SPI-3) in the STAT3-mediated manner in pinealocytes. However, the precise role of STAT3 in the cell 

signaling leading to the expression of a key rate-limiting enzyme of melatonin synthesis is not yet known. 

In our previous work, we have proven that systemic application of LPS induces phosphorylation of 

STAT3 on tyrosine 705 and serine 727 in the suprachiasmatic nucleus. Here we focus on the investigation 

of the effect of LPS on arylalkylamine N-acetyltransferase (AA-NAT) activity, expression of AA-NAT, 

inducible cAMP early repressor (ICER), STAT3 and SPI-3 in the pineal gland of rats. Experiments were 

carried out both in vivo and in vitro. The changes in AA-NAT activity were determined by 

radioenzymatic assay. PCR analyses were performed to detect AA-NAT, ICER, STAT3 and SPI-3 gene 

expression. From our results, it is evident that high basal level of phosphorylated form of STAT3 in the 

pineal gland can be further elevated after systemic as well as in vitro application of LPS. Furthermore, the 

basal level of phosphorylated STAT3 counteracts ɓ-AR-mediated AA-NAT gene expression and 

preserves its own and SPI-3 gene expression. It can be concluded that STAT3 signaling might interact 

with signaling that leads to melatonin synthesis. 
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Neutrophils are essential responders in bacterial and fungal infections and they also contribute to tissue 

reactions in many autoimmune and inflammatory diseases. In our previous experiments we found 

characteristic differences between the human neutrophil and mononuclear cell fractions in the expression 

pattern and the relative expression of clock genes. BMAL1 was hypophosphorylated in neutrophils, 

showed low expression and reduced nuclear accumulation compared to other leukocytes, suggesting that 

the molecular oscillator is down-regulated in this cell population. We hypothesized that the clock function 

may undergo a modification during the myeloid maturation process. 

To investigate this mechanism, we used the human acute myeloid leukemia cell line PLB-985 as a model 

in our present study. These cells can be differentiated into neutrophil-like cells by a treatment with 

DMSO. Expression of molecular clock components was followed at both the RNA and protein level 

during the differentiation process. To better compare the clock machinery in the non-differentiated and 

differentiated cell populations, we used Bmal1 RNA expression as a clock-internal control. We presumed 

that if similar clock machineries operate in the cells the relative expression of clock genes is expected to 

be similar. 

The expression levels of the negative factors Per1 and Per2 were significantly reduced on the fourth day 

of cultivation, while expression of Per3, Dbp and Reverb  did not change during the differentiation 

process. PER2 protein expression was reduced, whereas BMAL1 levels and phosphorylation status did 

not change. These data and the previous results on neutrophil granulocytes suggest that the molecular 

oscillator undergoes a modification during the differentiation of PLB-985 cells to neutrophil-like cells.  
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In human population, there are differences in the length of the circadian period. On the basis of these 

differences, the human population is divided to early, late or neither chronotype. The chronotypes can be  

distinguished by differences in the rthythm of locomotor activity and the melatonin rhythm. This study 

describes the differences in the circadian phase between monozygotic twins aged 8-10 years who live 

together and share the same daily routine. Differences between the twins were determined by using a 

questionnaire CCTQ, radioimmunoassay of saliva melatonin and actigraphy. According to the 

questionnaire, one boy was early chronotype (A3), one girl was late chronotype (B3) and four remaining 

children were neither chronotype (A2, B2, C2, C3). Among the siblings, there were marked differences in 

the rhythm of melatonin and also in the morning activity. These differences confirmed the chronotypes 

determined by CCTQ in boy A3 and girl B3. On the other side, the differences in melatonin rhythm did 

not confirm the similarity in chronotypes determined by CCTQ in twins C2 and C3 and suggested 

different chronotypes in these siblings in accordance with their parent´s steatments. Our results also 

suggest that children with later chronotype are more affected by social jet lag then children with morning 

chronotype. We found that only the morning actigraphy is suitable for the description of circadian 

rhythms. Our results clearly showed that monozygotic twins living in the same environment and under the 

same regime show differences in the physiological and behavioural characteristics associated with 

different chronotypes.  
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Temperature cycles mimicking core body temperature rhythms have been shown to synchronise cellular 

clocks. Here, we first determined experimental conditions required for synchronising circadian clocks of 

Hepa1-6 cells with temperature cycles, and uncovered in vitro chronotoxicity of FY26, a novel organo-

osmium drug candidate.  

Five and 10x104 Hepa1-6 cells (ATCC® CRL-1830Ê), stably transfected with Per2-luc reporter, were 

seeded in 35 mm NUNC dishes and immediately placed in temperature cycles of once 12h at 37°C and 

12h at 32°C, followed by alternating 12h at 37°C and 36°C for up to 6 days. Time 0 (T0) was defined at 

the start of the shift to 37°C. Bioluminescence patterns were recorded in quintuplicates using the 

LumiCycle (Actimetrics, USA). Period, phase and amplitude were calculated using LumiCycle Analysis 

Software. The impact of FY26 on cell viability was assessed with the sulforhodamine B assay 72h after 

24h of drug exposure. Nine FY26 concentrations (0.1 to 12µM) were tested in triplicate samples at each 

of 4 time points 6h apart. Circadian changes of the IC50 (mean±SEM, µM) of FY26 were computed and 

compared using ANOVA and Cosinor Analysis. 

A stable Per2-luc period of 23.7h (±0.189, 5x104 cells) to 25.4h (±0.825, 10x104 cells) was observed as 

well as an average doubling rate of 14.5h indicating active proliferation from day 3 to 6. The IC50 of 

FY26 was highest following FY26 exposure starting at T22 (5.9±0.35) as compared to T04 (4.1±0.23), 

T10 (4.7±0.24) and T16 (4.2Ñ0.21) (ANOVA, p<0.0001). Cosinor Analysis (Ű=24h) revealed a circadian 

rhythm in FY26 in vitro toxicity (p=0.0096), with a mesor of 4.7µM [95%CI,4.45-4.98], a double-

amplitude of 1.22µM [0.50-1.96] and an acrophase at T21h42min [19h11min-24h10min] supporting least 

toxicity 2h before the programmed temperature rise.  

Thus, we extend previous results on in vitro chronopharmacology of irinotecan in serum shocked human 

CaCo2 cells, and further demonstrate the value of temperature synchronisation to study in vitro 

chronotoxicity of new drug candidates.            

Support: CRUK grant C53561/A19933 
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General anaesthesia is implicated in postoperative sleep disruption and fatigue with part of the 

disturbance being attributed to a shift of the circadian clock. Isoflurane is a commonly used general 

anaesthetic during surgery. In our research, Drosophila were used to investigate the relationship between 

the isoflurane treatment and the circadian clock. Drosophila were entrained in light/dark (LD 12:12) 

cycles and their locomotor activities were recorded for 13 days, starting with four days in LD and 

followed by nine days in constant darkness (DD). Isoflurane treatment was conducted on day nine. We 

measured the phase response caused by different durations of isoflurane treatments at a particular 

circadian time (CT4) and once optimized obtained a phase response curve (PRC) over the circadian cycle. 

The durational phase response indicates that three hours or more of isoflurane at CT4 causes significantly 

larger phase shifts than 1 and 2 hour treatments. The PRC shows that isoflurane treatment causes a phase 

advance during day-time, while a phase delay was associated with night-time treatment. The transcription 

of the clock gene period was also delayed or advanced depending on when isoflurane was administered. 

These results suggest that isoflurane-induced circadian clock phase shifts are duration- and time-

dependent. Finally, we compared the PRCs of flies treated with light and isoflurane alone and in 

combination and found that isoflurane combined with light caused a larger phase shift than each factor 

independently.  
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Recent advances in sequencing technology and bioinformatics have allowed for the rapid identification of 

genes associated with multiple aspects of circadian rhythms and sleep. However unless a clear function 

can be assigned to each specific gene it can be difficult to interpret a relevant pathology and its clinical 

implications. Numerous studies have demonstrated that the mouse is a highly tractable and versatile 

model organism for functional studies of specific genes. To this effect the International Mouse 

Phenotyping Consortium (IMPC) has been established with the aim of providing phenotyping data for a 

knock out of every gene in the mouse genome. While the IMPC phenotyping pipeline provides a platform 

for numerous behavioural, physiological and histopathological phenotypes, at present sleep and circadian 

phenotyping of these mouse lines is limited as standard tests for these parameters are low-throughput and 

involve the use of invasive procedures. 

 

The recently developed COMPASS system uses passive infrared monitoring to track both the circadian 

rhythms and sleep of mice in the home cage. We are using this technique to screen selected IMPC mouse 

lines for sleep and circadian rhythm phenotypes. Mouse lines are selected on the basis of known function 

and gene expression before screening for five days in a 12 hour light dark cycle and then an additional 

nine days in constant darkness. Activity data is collected throughout this time and analysed for changes in 

sleep and circadian rhythms.  

 

Here we present the preliminary findings of this screen and show the range out outputs that can be 

obtained through such methods. We also demonstrate how this data can be integrated with information 

from primary IMPC phenotyping pipelines to provide a systematic assessment of gene function on a 

genome-wide level.   
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Sleep is conserved across the animal kingdom and is critical for nervous system function. The versatile 

genetic and behavioral tools available in Drosophila have helped uncover conserved mechanisms 

underlying sleep. Recently we have identified a novel sleep regulator, neurocalcin (nca), from a screen 

based on genetic and neurological conservation between Drosophila sleep and primary dystonia, a human 

movement disorder associated with imbalanced dopamine signaling. We found that pan-neuronal nca 

knockdown (ncaKD) by three independent RNAi constructs caused night time specific sleep loss in 

Drosophila under 12 h: 12 h light dark (LD) cycles. Drosophila sleep during both day and night, yet these 

two sleep stages exhibit distinct arousal thresholds. While the underlying molecular and neuronal 

mechanisms demarcating day from night sleep remain unclear, a small number of genes have been shown 

to selectively modulate either day or night sleep. We therefore embarked to investigate how 

photoperiod/circadian clock as well as dopamine signaling control the night sleep loss in ncaKD flies. By 

manipulating LD regimes and light input signals from the visual system and Cryptochrome, we found that 

ncaKD mediated sleep loss is suppressed by light. Moreover, sleep loss in ncaKD flies is constrained to the 

subjective night during constant darkness, while in contrast, homogenous sleep loss across 24 hours in a 

clock mutant background (timKO). Collectively, these results suggest that light input signaling and 

circadian clock redundantly control Nca-mediated sleep. Importantly, introduction of a D1 dopamine 

receptor mutation rescued sleep loss in ncaKD flies. Through exhaustive Gal4 circuit mapping we have 

limited the neuronal substrates of ncaKD mediated sleep loss to two non-overlapping circuits in the fly 

brain. In summary, we demonstrate that Nca regulates sleep via altered dopamine signaling and show that 

both the circadian clock and light-sensing pathways control the night specificity of Nca-mediated sleep.  
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The intergeniculate leaflet (IGL) of the thalamus is a small structure located within the lateral geniculate 

complex which projects to the mammalian circadian clock, the suprachiasmatic nucleus. The IGL 

receives retinal input from classic photoreceptors (rods, cones) and intrinsically photosensitive retinal 

ganglion cells (ipRGCs) containing melanopsin. It is known that the latter provokes sustained 

photoresponses and contributes to irradiance coding in the circadian visual system. Our aim was to verify 

whether rat IGL neurons encode sensory stimuli in the range of intensities from the dimmest (5 lux) to the 

brightest (280 lux). We recorded extracellularly from single neurons located within the IGL of urethane-

anaesthetized Long Evans rats. Responses to light were categorized based on the peristimulus time 

histogram analysis and next examined whether they encode light intensity by fitting the data to the 

sigmoidal curve. All light-responsive cells were classified as sustained, which accounted for the majority 

of tested neurons, transient ON or transient OFF. Tonic increase in the firing rate in response to eye 

illumination was characteristic for sustained cells. Inhibition of activity during white light exposure was 

observed in all transient neurons. Transient ON cells were distinguished by a brief peak of activity during 

light onset while transient OFF cells exhibited substantial rebound activation following termination of the 

light pulse. We found that 85% of sustained IGL neurons showed significant intensity-dependent 

increases in the firing rate, with R-square greater than 0.5 and high ratio between maximum and minimum 

responses. Contrastingly, none of transient cells were able to do that. Our work demonstrates that 

sustained neurons within the rat intergeniculate leaflet encode light intensity over a wide sensitivity range, 

probably due to dense ipRGCs  and/or cones innervation.  

This study was supported by: 2013/08/W/N23/00700, DS/MND/WBiNoZ/IZ/18/2016 
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Social jetlag (SJL), the discrepancy between sleep timing on workdays and weekends, affects the majority 

of the population and has been found to be associated with increased health risk and health-impairing 

behaviours. Our previous study showed the negative effect of SJL on the academic performance of 

university students. Our present study focuses on the effect of SJL on sleep quality and on the activity of 

autonomic nervous system during sleep.   

Healthy males (n=33), aged 20-26 years participated in our study, either with high or average and low 

SJL. Heart rate, inter-beat-intervals and physical activity were recorded during two nights (a workday and 

a weekday on the same week) using Actiheart. The recordings were used for the assessment of heart rate 

variability (HRV), a marker reflecting the activity of the autonomic nervous system. Sleep stages were 

assessed on the basis of HRV analysis and actigraphy. Concentrations of the melatonin metabolite 

melatonin-sulfate were determined in the first morning urine. For the evaluation of subjective sleep 

quality we used the Groningen sleep quality questionnaire.  

Comparison of the two groups reveals negative correlation between SJL and subjective sleep quality. On 

weekdays a larger portion of the group with high SJL experienced disturbed sleep compared to the control 

group (low or average SJL), and the subjective sleep quality of the participants with higher SJL increased 

significantly from the weekday to the weekend. 

Tendentious association between sleep quality and melatonin concentration was found. Parameters 

reflecting HRV did not show day of the week dependent intraindividual differences.  

In summary, our results suggest that circadian misalignment during workdays negatively affects sleep 

quality in young adults. 
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In humans, spinocerebellar ataxia type 2 (SCA2) is an autosomal dominant neurodegenerative disease that 

is caused by expansion of a CAG repeat encoding polyglutamine in the Ataxin-2 gene (Atxn2) product. 

The Atxn2 gene is highly conserved in evolution and orthologs of the Atxn2 gene exist in many species. 

Since Ataxin-2 interacts with the poly(A)-binding protein and associates with ribosomal proteins and 

regulators, it has been proposed that it may play a physiological role in translation regulation. Indeed a 

translational function for Ataxin-2 has been recently shown in Drosophila melanogaster: it is an essential 

activator of Period translation in pacemaker neurons and therefore a necessary component for the 

functioning of Drosophila's endogenous oscillators. However, the function of Atxn2 in mammals is still 

unknown, despite its involvement in the inherited SCA2 disease. Since SCA2 patients suffer from sleep 

problems even before the onset of ataxia symptoms, we analyzed locomotor behavior of Atxn2-deficient 

mice and their WT littermates under entrained and free running conditions as well as after experimental 

jet lag. We also compared the Per1 and Per2 immunoreactions in the SCN of both genotypes. ATXN2ī/ī 

mice showed slightly less stable behavioral rhythms and a delayed re-entrainment after jet-lag, but the 

Per1 and Per2 immunoreactions in the SCN did not differ between genotypes. 
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Dexras1 (also known as RASD1 or AGS1) gene has been identified in mouse pituitary tumour cell line 

AtT-20 treated by synthetic glucocorticoid dexamethasone. Dexras1 belongs to the family of activators of 

G-protein signalling that operates independently of receptors coupled with G-proteins and modulate thus 

intracellular signalling in target cells. Dexras1 is well described as a clock-controlled gene located 

predominantly in the dorsomedial part of the suprachiasmatic nucleus 1. Its rhythmicity is in perfect phase 

with Bmal1. The genetic deletion of Dexras1 causes the deficit of intracellular signalization driven by 

NMDA receptors.  Besides the suprachiasmatic nucleus, our data show the specific distribution of 

Dexras1 mRNA in many brain structures that take part in various sensory processing. These include the 

piriform cortex, the lateral olfactory tract, the ventral taenia tecta, the lateral and medial geniculate 

nucleus, the ventrobasal complex of the thalamus, etc. The aim of this study was to explore, using in situ 

hybridization, the changes in Dexras1 expression in these structures in the dark-rared rat pups, housed at 

complete darkness from birth until the postnatal day 16. The results show higher levels of Dexras1 in 

sensory structures which are not associated with visual processing and suggest that compensatory 

mechanism for sensory deprivation may include the Dexras1 signalling. 

 
Reference: 

1. Hahnová, K. et al. Circadian Dexras1 in rats: Development, location and responsiveness to light. 

Chronobiol. Int. 33, 141ï150 (2016). 
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With light being the most important zeitgeber for human entrainment, accurate brightness encoding is 

crucial for optimal synchronization with the light-dark cycle. Brightness-encoding starts in the retina, 

with a presumably large role for the irradiance-encoding melanopsin-expressing ganglion cells. In 

addition to their intrinsic light sensitivity, these cells receive synaptic input from cone bipolar cells, 

raising the question as to how colour affects brightness-encoding. Using the pupillary light response as a 

proxy for brightness-encoding in the retina, the first aim of this experiment was to show how selectively 

modulating the activity of one photoreceptor type (S-Cone, M-Cone, L-Cone, or melanopsin 

photopigment) in a square-wave manner (0.25 ï 4 hz) affects transient pupillary constriction. To 

selectively modulate each photoreceptor, the method of silent substitution was employed. With this 

method, two spectra that differ only in the excitation of one photoreceptor type are temporally alternated, 

rendering the alternation silent for the other receptors. In addition, recent reports showed that flickering 

light exposure alters the output of retinal ganglion cells and consequently reduces the gradual adaptation 

in pupil constriction observed under constant light exposure (i.e. pupillary escape). Therefore, the second 

aim of this study was to test how each photoreceptor type would contribute to this effect, using the same 

silent substitution protocol. Our results show that modulating S- and M-Cone activation results in more 

pupillary escape (more dilation during light exposure), whereas modulating L-Cones and melanopsin 

activity results in less pupillary escape (more sustained constriction). These findings were mirrored in the 

transient pupillary response, suggesting inhibitory (colour) and excitatory (colour and intensity) retinal 

input involved in brightness encoding by the pupillary control system. These results provide important 

insights into the effects of colour on brightness-encoding in the human retina.   
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Research into circadian clocks (CC) has surged in the past decades, with wide spread interest from the 

scientific, healthcare as well as laymen communities. As in most academic fields, scientific discoveries 

are disseminated almost exclusively through peer-reviewed journals and academic conferences, with the 

main audience being the scientific community. Meanwhile, access to the general public is hindered, either 

by subscription fees or the presupposition of specialized knowledge/terminology. 

One arena in which scientific knowledge is readily accessible is Wikipedia, ñthe free encyclopedia that 

anyone can edit.ò Host to over 40 million articles and 500 million unique users a month, Wikipediaôs 

status as the website for up-to-date knowledge is seemingly unchallenged today. 

Here, we claim Wikipedia can be used as tool for tracking and understanding the growth of scientific 

knowledge as it is translated to the general public in a non-scientific setting.  

As a case study, we examined the manner CC research manifested in Wikipedia and how the relevant 

articles were edited over time to preserve their scientific accuracy. Using Wikipediaôs history tool to mine 

its digital ñdatabaseò, we traced the integration of key scientific discoveries on CC from the past 15 years. 

For example, we followed the conceptual evolution in chronobiology from transcriptional to non-

transcriptional oscillators through the ñeyesò of Wikipedia, examining its ability to re-formulate and 

generalize new paradigms in the field.  

We concluded that Wikipedia successfully manage to provide an accurate testimony for scientific 

discoveries and preserve them through time as in the case of research on circadian clocks. Moreover, the 

articlesô edits provided compelling insight regarding the rapid expansion and maturation of the field over 

the past decades.  
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Introduction.  

Inflammatory processes play a role in major depressive disorder which may lead increase of cytokine 

concentrations. Anhedonia, or the inability to experience pleasure from naturally rewarding activities, is a 

core symptom of major depression. According to the new estimates released by the WHO in 2017, 

depression is ranked as the single largest contributor to global disability and also the major contributor to 

suicide deaths. In this study we aimed to determine the age with higher prevalence of anhedonia and its 

relationship with cytokines. 

Methods. 

In this study 545 undergraduate students and secondary school students (age range 13-21) participated. 

Snaith-Hamilton Pleasure Scale (SHAPS) was used to assess hedonic capacity and SHAPS score of 3 or 

higher indicates anhedonia   [Franken, et al., 2007 ].  According to age, participants divided into three 

groups: 206 (92 female) students with age range 13-15, 256 (111 female) students with age range 16-17, 

and 83 (37 female) students with age range 18-21.  For blood cytokine analysis 16 students with 

anhedonia and 18 students without anhedonia were selected. Concentrations of serum IL-8, IL-18 and 

IFN-ɔ tested by using Vektor-Best (Russia) ELISA kit. Statistical calculations made by Student-t test.  

Results. 

According to questionnaire results,  higher prevalence of anhedonia is at age between 13-15 than other 

age groups, and hedonic capacity increases as age of students increases (p<0.05).  Concentrations of  IL-

8, IL-18 and IFN-ɔ is higher in students with anhedonia (IL-8 mean=10.04±4.24 pg/mL;  IL-18 

mean=213.0±95.10 pg/mL;  IFN-ɔ mean=0.60Ñ0.0 pg/mL) than students without anhedonia (IL-8 

mean=6.02±1.17 pg/mL;  IL-18 mean=119.93±22.28 pg/mL;  IFN-ɔ mean=0.51Ñ0.10 pg/mL).(p<0.05) 

Conclusions. 

Etiology unknown local inflammation process in brain may be the reason of higher concentration of 

cytokines in students with anhedonia which is mostly in younger age. As getting older local inflammation 

process decreases and increasing hedonic capacity. Further studies about local inflammation processes of 

central nervous system and influence of cytokines in anhedonia will be helpful in prevention of anhedonia 

and treatment of major depressive disorders.  
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In the pancreas, the circadian clock temporally controls its physiological functions, including insulin 

release. Age-dependent impairment of the pancreatic and other metabolic functions has been well 

documented. However, it is not known whether the impairment was due to worsening in the circadian 

clock function. The aim of our study was to find out whether aging affects basic properties of the 

circadian clock in pancreas and to compare these effects with the impact of aging on the circadian clock 

in another peripheral clock not involved in metabolic functions, i.e., in the lungs.  

The properties of the circadian clocks were studied in vitro, using organotypic explants of pancreas and 

lungs from mPer2Lucipherase young (9 months) and aged (25 months) mice exposed to 3 different light 

regimes, namely to light/dark regime (LD), constant light (LL) and constant darkness (DD). Additionally, 

synchronization capacity of the peripheral clocks by repeated 8-h treatments (vehicle/melatonin) was 

tested. 

The results revealed tissue-specific effects of aging on the mPer2Luc rhythmic protein production. 

Whereas aging did not affect the amplitude dampening in the pancreas, it significantly speeded up the 

dampening rate in the lungs. LL exposure affected the dampening rate in the pancreas independent of age 

but had no effect in the lungs. Aging had no effect on period of the pancreatic clock but affected 

significantly period of the clock in the lungs under all lighting conditions. The circadian clocks in the 

lungs, but not in the pancreas, were entrained by the in vitro treatment.  

Our results demonstrate that aging does not compromise in vitro rhythms in mPer2Luc protein in the 

pancreas but significantly affects formal properties of the circadian clock in the lungs. These findings 

indicate vital significance of the pancreatic clock along the course of life. 

Supported by GAUK grant no. 198215 

 

  



158 
 

P.80 

The diurnal transcriptome atlas of a primate  
 

Ludovic Mure1, Hiep D. Le1, Giorgia Benegiamo1,2, Max Chang1, Ngalla Jillani3, Ngotha Maini3, Thomas 

Kariuki3, Ouria Dkhissi-Benyahya4, Howard Cooper4, Satchidananda Panda1 

 
1. Regulatory Biology Laboratory, Salk institute for Biological studies, 10010, N. Torrey Pines road, La Jolla, CA 

92037; 2. Chronobiology and Sleep Research Group, Institute of Pharmacology and Toxicology, 

Winterthurerstrasse 190, 8057 Zürich, Switzerland; 3. Institute of Primate Research, National Museums of Kenya, 

Nairobi, Kenya; 4. Univ Lyon, Universite Claude Bernard Lyon 1, Inserm, Stem Cell and Brain Research Institute 

U1208, 69500 Bron, France 

 

 

Spatio-temporal gene expression patterns underlie time-of-the day specific functional specialization of 

different organs. Although circadian gene expression atlases from model organisms including the 

nocturnal mouse are available, they are limited to a few peripheral organs. Here we report the circadian 

transcriptome of 64 different tissues, including 22 different brain regions, sampled every 2 h over 24 h, 

from the diurnal primate Papio Anubis. We found that the primate genome is vastly rhythmic with up to 

67% of genes showing daily rhythms in expression. In addition to the diversity of transcripts in each 

tissue, the repertoire and phases of expression of cycling transcripts impart another layer of functional 

specialization to each tissue. Transcripts that are ubiquitously expressed and participate in essential 

cellular functions are more likely to exhibit rhythmic expression in a tissue-specific manner. At the whole 

organism level, the peak phases of rhythmic transcripts are largely clustered around dawn and dusk with a 

"quiescent period" during the first half of the night. Our findings also unveil a different temporal 

organization of central and peripheral tissues between diurnal and nocturnal animals. This study will 

contribute significantly to understanding circadian regulation of organ function and contribution of 

circadian rhythm disruption to diseases. 
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Objectives. 

We undertook this study to investigate whether later chronotype, social jetlag, and activity rhythm 

entrainment deficits were associated with measures of impulsivity and attention deficit among a non-

clinical adult population.  

 

Methods. 

A sample of 189 university students was used in this study. Subjectsô self-reported chronotype, mid-point 

of sleep (MSFsc) and subjective sleep quality were ascertained using the MCTQ and PSQI respectively. 

Short performance tasks measuring inhibitory capacity and sustained attention (Conners Continuous 

Performance Task) and risky decision making (Iowa Gambling Task) were administered. Self-reported 

measures of ADHD symptoms, trait impulsiveness, and general cognitive function were obtained. 

Estimates of sleep and rest-activity rhythms were ascertained by wrist-worn actigraphy. 

 

Results.  

Tasks designed to probe impulsiveness found that recurring social jetlag (>1-h) was associated with faster 

pre-potent reaction time (p = 0.005) and that extreme cases of social jetlag (> 3-h) produced greater 

commission error rates (p = 0.029) reflecting failures in response inhibition. Actigraphy estimated mid-

sleep and sleep disruption were statistically significant predictors of ADHD symptoms (R2 = 0.249, p < 

0.004) and trait impulsivity (R2 = 0.237, p < 0.002). Bivariate correlations consistently revealed that the 

greater the difference of the entrained circadian period from 24-h, the greater ADHD symptom scores (r = 

0.443, p < 0.001), impulsiveness (r = 0.365, p = 0.008), and executive function deficits (r = 0.306, p = 

0.029). 

 

Conclusions. 

The results show that sleep and circadian rhythm disturbances might be important factors which 

contribute the symptomatology of ADHD among the general adult population. Efforts to manage social 

jetlag through realigning social schedules and facilitate adequate circadian rhythm entrainment future 

clinical benefits for individuals diagnosed with the disorder. 
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Thyroid conditions as hyper and hypothyroidism are the second most prevalent endocrine disease 

worldwide and are considered a risk factor for cardiovascular disease development. Recently, many 

studies have shown the importance of circadian clock to the heart; it modulates cardiac function, 

metabolism and general gene expression, therefore, linking myocardial oscillatory processes to the 

intrinsic cardiomyocyte circadian clock. the triiodothyronine (T3) triggers significant effects in the heart 

physiology. In addition, our group has recently demonstrated time-of-day-dependent rhythms in cardiac 

sensitivity to T3 and its effect in core clock components. Therefore, in this investigation, chronic thyroid 

conditions were used to investigate the T3-mediated effect in the cardiomyocyte circadian clock. Hypo 

and hyperthyroidism was induced in rats by thyroidectomy (Tx) and i.p. injections of supraphysiological 

dose of T3, respectively. Herein, it was observed alterations in both experimental conditions of the major 

clock components, with the exception of Per2 for hyperthyroid hearts. Clock-controlled genes, involved 

in glucose and fatty acid metabolism were also altered by the thyroid conditions. The analysis of rhythmic 

parameters as mesor, amplitude and acrophase showed lost or no rhythmicity of the investigated genes in 

both pathological-induced conditions, especially observed for the hypothyroid heart. These findings 

support a significant role of T3, modulating the heart circadian clock and metabolic genes expression, 

expressively altered during hypo and hyperthyroidism. 

 

FINANCIAL SUPPORT: FAPESP # 2013/05629-4. 
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Introduction  

Seasonal variation and circadian disruption as imposed by shift work is linked with increased incidence of 

the autoimmune condition, multiple sclerosis (MS), however the causal reasons for this association are 

unknown.  Cells of the innate immune system, in particular myeloid derived macrophages, have a 

profound impact on the development of multiple sclerosis. Therefore we sought to understand the impact 

of time of day and deletion of the core clock component Bmal1 in macrophages on the CNS autoimmune 

disease model experimental autoimmune encephalomyelitis (EAE), a mouse model with features similar 

to that of multiple sclerosis. 

Results 

We demonstrate that myeloid BMAL1 and time-of-day regulates the accumulation and activation of a 

variety of immune cells in the CNS. In myeloid cells, BMAL1 maintains anti-inflammatory responses, 

and reduced T-cell polarisation, through repression of IL1b, IL12p40 and IL23. Loss of myeloid BMAL1 

or midday (ZT6) immunizations create an inflammatory environment in the CNS through expansion and 

infiltration of IL-1ɓ-secreting CD11b+Ly6ChiCCR2+ monocytes associated with an increase in pathogenic 

pro-inflammatory T cells.   

Conclusion 

Our data provide mechanistic insights into how time-of-day and clock disruption in myeloid cells impacts 

on autoimmunity thus providing opportunities to enhance circadian function or time-of-day drug targeting 

strategies to alleviate autoimmune disease. 
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In mammals, daily rhythms of behaviors and physiologies are generated by the circadian clock that is 

composed of clock genes and the encoded proteins forming transcriptional/translational feedback loops 

(TTFLs). Our previous study showed circadian phosphorylation of CLOCK-BMAL1 complex (MCB, 

2009), causing rhythmic DNA-binding of CLOCK-BMAL1 complex to E-box sequences (MCB, 2014). 

Adar2 is one of the targets, and rhythmic A-to-I RNA editing is essential for normal circadian output 

(Nature Genet., 2017). In addition to the transcriptional/post-transcriptional regulation, post-translational 

regulation of clock proteins plays crucial roles in determining the circadian period and phase, by which 

circadian clocks respond flexibly to environmental stimuli. A wide variety of extracellular stimuli are 

known to evoke stress responses through protein phosphorylation signaling in cells. However, it is elusive 

whether the circadian clock responds to the cellular stress through protein kinase signaling, and if so, 

what is the key molecule that transmits the cellular stress to the circadian clockwork. Here we identified 

apoptosis signal-regulating kinase (ASK), a member of MAP kinase kinase kinase (MAPKKK), as a key 

mediator for determining the circadian period and phase of cultured fibroblasts in response to osmotic 

changes of the media. Physiological impact of the ASK signaling was demonstrated by the clock response 

to changes in the intracellular redox states, and to the contrary, the clock drives rhythmic expression of 

Ask in mice. In behavioral analysis, Ask1, Ask2 and Ask3 triple-KO mice exhibited compromised light 

responses in activity rhythms. These findings identify cellular stress response via ASK as a mechanism 

for circadian flexibility. 
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Suprachiasmatic nuclei (SCN), the main mammalian circadian pacemaker, receive information about 

ambient light and entrain the endogenous period of other cell oscillators in the body to environmental 

conditions. Components of the neuromodulatory endocannabinoid system have been detected in hamster 

and mouse SCN where the effect of its activation via CB1 receptors on light induced phase shifts of 

locomotor activity was proven. Light is known to have distinct effect on the central pacemaker 

entrainment according to time of its action, known as the phase response curve. Light applied during the 

subjective night elicits phase delays or advances, whereas light applied during the subjective day has no 

effect on the phase of the circadian oscillator. In this study we tested the hypothesis that endogenous 

activation of the endocannabinoid system during the subjective day is the mechanism regulating the 

sensitivity of the circadian system to the entraining effect of light. We investigated the hypothetic 

inhibitory effect of CB1 receptor activation by intraperitoneal injection of a CB1 receptor agonist 

CP55940 during the subjective night, the time window when circadian system is sensitive to photic 

stimuli, on light induced phase shifts of locomotor activity and changes in expression of the 

photoinducible markers c-Fos and phosphorylated forms of ERK1/2 a GSK3ɓ kinases in the SCN. Using 

the same paradigm we also addressed the question whether application of CB1 receptor antagonist 

AM251 leads to increase in light induced phase shift in locomotor activity, as well as the expression of 

the photoinducible markers c-Fos and phosphorylated forms of ERK1/2 a GSK3ɓ kinases in the SCN. 

  



164 
 

P.86 

The formation of implicit time memory does not phase shift the canonical molecular clock 

 

Shrestha, T.C.1,3, Ġuchmanov§, K.2, Sumová, A.2 and Ralph, M.R.3  

 
1. Department of Cell and Systems Biology, University of Toronto, Toronto, ON, Canada; 2. Department of 

Neurohumoral Regulations, Czech Academy of Sciences, Prague, Czech Republic; 3. Department of Psychology, 

University of Toronto, Toronto, ON, Canada.  

 

 

Implicit time memory is the ability of animals to remember the timing of a significant event, rewarding or 

aversive. It is demonstrated by the anticipation of the recurrence of events at 24 hour intervals following 

the experience. The oscillator underlying time memory is believed to be set at the time of occurrence, 

however, there is little known of the mechanism underlying time memory. Recent reports suggest that 24 

hr time memory can be formed even in the absence of a canonical molecular clock. Therefore, we were 

interested in whether or not the oscillator plays any role in the acquisition of time memory. Using a 

Conditioned Place Avoidance (CPA) paradigm, PER2::Luciferase reporter mice were trained to avoid a 

footshock-paired context. As shown previously, animals demonstrated learning only when tested at the 

same Zeitgeber time at which they were conditioned. There was no main effect of training time on the 

expression of Period2 (Per2) and Rev-erbŬ. As expected, Per2 and Rev-erbŬ expression in the 

suprachiasmatic nucleus was in antiphase with expression in the limbic and cortical structures. In situ 

results showed that although relative OD values were not significantly altered by conditioning compared 

with controls at either time point, there was a significant effect of testing time. Furthermore, differences 

in the Rev-erbŬ to Per2 ratio were found between groups trained at the two Zeitgeber times. In 

conclusion, the results suggest that although place avoidance conditioning may produce phase dependent 

shifts of the canonical clock genes, this does not account for the 8 hour separation of behavioural 

responses required for time memory.  
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It is well established that elderly individuals have increasing difficulties sleeping at night combined with 

generally going to sleep and waking up earlier.  These age-related declines in circadian output are clearly 

observable in activity recordings in laboratory animals but what underlies these changes at a molecular 

and neuronal activity level is still unclear. 

 

This project investigates age-related changes in the circadian system using Drosophila, looking at 

changes in behavioural outputs, neuronal activity and gene expression.  Behavioural changes were 

measured by recording locomotor activity of male flies at various stages in the ageing process (3, 11, 18, 

25, 32 days old); with flies housed individually in activity monitors.  Flies were kept for 3 days of 12:12 

light-dark (LD) conditions before being released into constant darkness (DD) for the remainder of the 

experiment.  Circadian behaviour was analysed for the first 5 days of DD, with the results showing a 

significant linear decline in rhythm strength with age, and an increase in period length.   

 

Changes in neuronal activity were investigated using whole-cell patch clamp electrophysiology to record 

from the large LNV clock neurons, in flies of different ages.  Early results from middle-aged flies (14 days 

old) show a shift in the firing behaviour of clock neurons from predominantly tonic spiking in young cells 

to burst firing activity in older cells. 

 

The linear decline in behavioural outputs of the clock demonstrate the suitability of Drosophila as a 

model to interrogate how ageing effects the circadian clock at other levels.  Further experiments are 

focussed on how disruption at a behavioural level is underpinned by changes in neuronal activity and 

gene expression. 
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Precisely phased and well-orchestrated transcriptional rhythms are a fundamental feature of circadian 

timing systems.  Further, the process of circadian entrainment is mediated in large part by a rapid 

reconfiguration and re-stabilization of this transcriptional profile to a new reference time point. 

Interestingly, many of the intracellular signaling events that affect transcriptional rhythms are also key 

effectors of clock entrainment.  This appears to be the case for the p44/42 mitogen activated protein 

kinase (MAPK) pathway.  Along these lines, within the SCN, MAPK activity is modulated over the 

circadian cycle and is highly responsive to photic input during the night time domain; further, abrogation 

of MAPK signaling alters SCN clock timing, and represses light-evoked phase shifting.  Here we sought 

to assess its role in clock-gated and light-evoked gene expression in the SCN.  To this end, we performed 

RNA array profiling of the SCN (control and MAPK-repressed) at subjective day (CT 4) and subjective 

night (CT 15 and CT 22) time points, and following photic stimulation.  Bioinformatic analysis has 

identified marked effects of MAPK repression on both time-of-day, and light-regulated gene expression 

(both increased and decreased expression were observed).   Interestingly the time-of-day effects of 

MAPK inhibition were largely unique to each time point, and included alterations in the expression of 

several clock-gated transcripts. With respect to light-evoked gene expression, the repression of MAPK 

signaling during the subjective night markedly suppressed the expression of the majority of the 

transcripts.  These data indicate critical roles for MAPK signaling in shaping both the circadian and light-

evoked transcriptional profile. Current work is focused on bioinformatics approaches to curate gene 

networks, functional groups, and non-coding transcripts.  In turn, these data should provide important 

new insights into the roles of the MAPK pathway in modulating the key functional features of the clock 

timing system.   

  



167 
 

P.89 

Cutting off the short wavelengths of light influences the light-induced neuronal activity in 

the rat olivary pretectal nucleus  
 

Patrycja Orlowska-Feuer1,2, Magdalena K. Smyk1,2, Marian H. Lewandowski2 

 

1 Malopolska Centre of Biotechnology, Jagiellonian University in Krakow, Gronostajowa 7A, 30-387 Krakow, 

Poland; 2 Department of Neurophysiology and Chrononobiology, Chair of Animal Physiology, Institute of Zoology 

and Biomedical Research, Jagiellonian University in Krakow, Gronostajowa 9, 30-387 Krakow, Poland 

 

 

Animals experience considerable changes in the amount and spectral composition of light not only during 

the day, with dawn and dusk being the most crucial moments, but also seasonally reaching the maximum 

during the summer. Interestingly, both of them, so irradiance as well as colour, are used by rodents to 

encode the time of the day. The olivary pretectal nucleus (OPN) is a retinorecipient, midbrain structure 

responsible for pupillary light reflex and is suggested to play a role in photoentrainment. 

We set out to investigate if cutting off the short wavelengths of light resulting in colour changes and 

selective photoreceptors activation influences light-induced neuronal activity in the rat OPN. 

To this end, we performed multielectrode in vivo recordings from the OPN of urethane anesthetized Long 

Evans rats. Recordings were combined with various light stimulations in terms of  irradiance and spectral 

composition: full light spectrum provided by xenon lamp (white light), blockade of blue light by two 

yellow filters cutting at 450 nm and 525 nm (yellow light) and monochromatic light at 480 nm (blue 

light).  

All light stimulations (white, yellow and blue) induced a robust increase in multiunit activity across the 

pretectum area, with three different types of neuronal responses clearly seen: sustained, transient ON and 

OFF. Interestingly, sustained cells were able to encode light intensities independently of yellow filters 

usage, even though short wavelengths of light were cut off and melanopsin was not activated. Moreover, 

a population of neurons changed their type of response under condition of blue light blocking.   

To our knowledge this is the first study suggesting that spectral composition of light is important not only 

for the suprachiasmatic nucleus where the main biological clock is localised, but also for other structures 

of the non-image forming visual system. 

The study was supported by 2015/08/W/NZ3/00700 grant. 
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Circadian systems play a key role in coordination of variety cellular processes, including those involved 

in the development of cancer. Previous studies have shown circadian variations in pharmacokinetics, 

efficiency, and side effects of multiple cancer treatments, including methotrexate (MTX). However, little 

is known about the effect of the circadian system on the toxicity of this drug, especially in diurnal animal 

models. The purpose of this investigation is to study the effect of MTX administration at different times 

of day in toxicity, dose response and behavior of the diurnal zebrafish (Danio rerio).  

For this, 4 hoursô post fertilization (hpf) larvae were treated chronically with different doses of MTX 

either in the morning 10 AM (ZT3) or in the afternoon 5 PM (ZT10), and then morphometric and 

behavioral assays were analyzed. Thereby, 4dpf larvae in 14L:10D, were treated with MTX at 

concentrations of 1mM, 2mM and 4mM at two hours of the day: ZT3 and ZT10 and by immersion for 

two hours for three days. Then, survival, morphometric and behavioral analysis were performed. 

Preliminary results show significant differences in survival between control and MTX-treated animals at 

9dpf; however, mortality rates were higher in the afternoon (glmer p <0.01). 

Malformations were found in larvae treated with MTX in a dose-dependent manner, and a higher 

percentage of them in morning treated animals (glmer p <0.01). Also, there was a significant difference in 

standard length (Tukey test p<0.05) and total area (one way-ANOVA p< 0.05) of the animals treated with 

2mM MTX, but only in the morning. 

In terms of behavior, the distance traveled and velocity used by animals treated with low concentrations 

of MTX was significantly different than controls, and, the differences were more pronounced in the 

morning-treated animals (Kruskal-Wallis p<0.05). These results suggest that the toxic effect of 

methotrexate on morphology and behavior was greater when administered in the morning than in the 

afternoon. This study shows that zebrafish is an effective animal model to study the role of the circadian 

system in the effect of anticancer drugs. It will also contribute to understanding the mechanism of action 

and pharmacokinetics of MTX. 
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits in social 

communication and repetitive and stereotyped interests and behaviors. Circadian and sleep irregularities 

are also often observed in children with ASD, including abnormalities in the timing of melatonin 

secretion, prolonged sleep latency, decreased sleep efficiency, and reduced total sleep time, all of which 

worsen the behavior of children with ASD. Here, we used Drosophila to evaluate the function of genes 

associated with autism in humans by testing their role in the control of sleep and the circadian clock, and 

in the control of complex social behaviors such as courtship. We find that RNAi-mediated knockdown of 

the Drosophila homolog of human autism candidate genes significantly affects the amount of daytime and 

nighttime sleep, the duration of sleep latency, and cause a lengthening of the periodicity of the circadian 

rhythm of adult locomotor activity, as well as disruptions in the courtship behavioral sequence. Our result 

may provide insights into the behavioral and circadian abnormalities observed in ASD patients and also 

provides new research avenues for the field. 
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The suprachiasmatic nuclei (SCN) harbour the mammalian master circadian pacemaker, which is 

responsible for coordination of circadian rhythms of many physiological and behavioural functions. SCN 

is sensitive to various Zeitgebers from external environment that modulate its function. Long-term opiate 

addiction and drug withdrawal may affect circadian rhythmicity of various hormones or sleep/activity 

pattern. Morphine is used to dampen acute and chronic pain but belongs also among the most commonly 

abused drugs. Methadone is a synthetic opioid that is used in the treatment of opioid addicts. Previously 

we described that acute morphine application induces changes in Per1 mRNA expression in the SCN and 

enhances arylalkylamine N-acetyltransferase (AA-NAT) activity in the pineal gland. The goal of this 

study is to explore the effect of long-term morphine and methadone application and their withdrawal on 

the expression of clock genes in the rat SCN underlying the endogenous nature of circadian oscillations 

(using in-situ hybridization) and on AA-NAT activity in the pineal gland (using radioimmunoassay) and 

also measure the rhythm of locomotor activity of addicted and control rats. The Wistar male rats were 

exposed to increasing doses of morphine or methadone for 10 consecutive days. To induce withdrawal 

effect, the last day, half of the animals in each group received naloxone. A group of animals was 

continuously monitored and locomotor activity was recorded. Animals were sacrificed at 3 h intervals 

during 24 hours together with control group. Our data show the comparison between the effect of long-

term morphine administration (as a drug of abuse), long-term methadone administration (as a medication 

for opioid abuse) and stress caused by their withdrawal on the function of circadian clock and thus on 

proper timing of the entire physiology and behaviour.  
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While melanopsin plays a key role in light synchronization of the SCN clock, recent studies claim that 

neuropsin, a UV-sensitive photopigment, is solely responsible for light entrainment of the mouse retinal 

clock (Buhr et al., 2014, 2015). This contrasts with previous reports supporting a role for ipRGCs in the 

retinal light response (Dkhissi-Benyahya et al., 2013; Zhang et al., 2008, 2012).  

To resolve this issue, we exposed retinal explants from wild-type Per2Luc and photoreceptor-deficient 

mice lacking respectively melanopsin or rods (Opn4
-/-::Per2Luc and Nrl-/-::Per2Luc) to monochromatic light 

of different durations, irradiances and wavelengths (405, 465 and 520 nm).  

We first observed that the displacement of retinal explants to a light stimulation chamber produced 

random, robust effects on the phase of PER2Luc activity, even in dark-control retinas. We thus developed a 

light stimulation device embedded within the Lumicycle to avoid non-photic phase shifting effects. This 

provided increased phase stability and allowed us to accurately characterize the dose-response properties 

(duration, irradiance) of the retinal clock to light. Contrary to previous assumptions, we demonstrate that 

in wild-type Per2Luc mice, the retinal clock is sensitive to short duration, low irradiance light at 465 nm. 

In addition, the three wavelengths induce a similar phase delay of PER2Luc activity. Since 520 nm light 

corresponds to a more than 5 log-unit decrease in SW-opsin and neuropsin sensitivities, this result 

suggests a putative involvement of rods, MW-cones and/or ipRGCs. Surprisingly, we found that the 

absence of rods but not of melanopsin totally prevented the phase shift induced by 520 nm light. 

However, a role of melanopsin in the regulation of the retinal clock cannot be excluded, as a significant 

shortening of the endogenous period is observed in Opn4-/-::Per2Luc mice. These results unequivocally 

confirm a primary role of rod photoreceptors in the light response of the retinal clock in mammals. 

 

Keywords: retina; clock; PER2 bioluminescence; rod; light; melanopsin; mouse. 

Support: NRJ-Institut de France, CMIRA, USIAS.  
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Background 

Most of the previous research has concentrated on studying the use of Patient-Reported Outcome 

Measurements at the group level, but there is still little evidence from investigations of the biorhythmic 

factors that may impact on patientôs reported experience of their condition at the individual level.  The 

aim of the scoping review is to understand, identify and summarise time dependent variations of patient-

reported outcome measures (PROMs) in patients with chronic health conditions and their association with 

biological, environmental and social cyclical phenomena. 

Methods 

A systematic search of the literature was conducted following the PRISMA statement and a published 

PROSPERO protocol. Electronic databases (MEDLINE, Embase, PsychInfo, and CINHL) were searched 

using a structured search strategy combining MeSH terms and free text and previously developed search 

strategies (Goncalves Bradley et al 2015 and others). Searches were conducted and all types of articles on 

biological, environmental and social rhythms and PROMs focusing on chronic conditions were included. 

Two reviewers independently applied the inclusion criteria in the consecutive stages of screening. A 

narrative synthesis of the evidence will summarise the observations.  

Results 

2156 unique titles were identified, and after the removal of duplicates 1460 were screened. The review is 

currently in progress and full results will be ready to report at the conference. Articles consist of 

quantitative analyses of observational data and reports from experimental studies showing evidence that 

daily variations in patient-reported outcomes are a result of biological rhythms for a range of chronic 

conditions, such as arthritis, asthma, migraines, depressive symptoms and cognitive status.  

Conclusions 

If the biological, environmental and social cyclical effects on the variation of PROMs scores are 

identified in chronic conditions, and therefore considered in a policy setting this will facilitate further use 

of PROMs in an individualised patient setting. 
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Very little is known on how changes in circadian rhythms evolve. The noctuid moth Spodoptera 

frugiperda occurs as two strains that show differentiation in circadian timing of mating activity: The corn-

strain mates early and the rice-strain mates late at night, which acts as a premating isolation barrier 

between the strains. We investigated the genetic basis of the strain-specific timing differences to identify 

the molecular mechanism of differentiation in these circadian rhythms. Through QTL analyses we 

identified one major Quantitative trait chromosome (QTC) underlying the timing differentiation. The 

clock gene vrille is located on this QTC. Vrille showed strain-specific polymorphisms as well as strain-

specific expression differences, with the rice-strain showing higher expression levels than the corn-strain. 

In addition, RT-qPCR experiments with the other main clock genes showed that also pdp1, the antagonist 

of vrille, showed higher expression levels in the rice-strain than in the corn-strain. 

Together, our results indicate that the differentiation in daily mating rhythms in S. frugiperda is 

associated with differential transcription of vrille or a cis-acting gene close to vrille, which contributes to 

the evolution of prezygotic isolation in S. frugiperda. 
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Mammals are able to synchronize their physiological and behavioral activity to environmental time cues, 

specially to the light-dark cycle. The suprachiasmatic nucleus (SCN) is the region of the brain that plays 

the role of ñmaster clockò. It not only coordinates rhythms of peripheral tissues to the light-dark cycle, but 

also produces and maintains an internal rhythm close to 24 h, which allows the organism to be prepared 

for predictable changes in the environment. However, the output of these rhythms can also be affected by 

unpredictable stimuli, as a predator or other stressors. Nevertheless, the master clock does not seem to be 

affected by acute unpredictable stimuli and continues to keep its pace. Previous experiments showed that 

a single social stress in rats suppresses the levels of activity for some days, but when it returns to normal, 

it resumes the phase as it is expected to be. In this study, we investigated whether chronic social defeat 

could affect the organization of the SCN. Therefore, mice were maintained in constant conditions (DD) 

and exposed to 20 min social defeat sessions over 10 days either in the beginning of the active or of the 

resting phase. Locomotor activity was continuously assessed before, during and after the defeats. Running 

wheel activity was strongly suppressed during the 10-day social stress phase, but the period of this rhythm 

was not affected by the manipulation. In conclusion, social stress may affect the output of the activity 

rhythm, but the SCN is not disturbed by this procedure. 
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Aim: to investigate non-parametric indicators of activity and their associations with cardiovascular risk 

factors.  

Methods. Activity rhythms for 5-7 days were measured objectively with the actigraph Actilife GT3X+ in 

89 participants of the study Epidemiology of cardiovascular diseases in 12 regions of Russian Federation 

(ESSE-RF) from St Petersburg. Vector magnitude counts quantified using nonparametric indicators 

(ónparACTô package for R). We calculated the interdaily stability (IS, stability of rest-activity rhythms), 

the intradaily variability (IV, fragmentation of a rest-activity pattern), most active 10 h (M10) and the 

least active 5 h (L5). Non-parametric variables were analyzed with parameters of activity and 

cardiovascular risk factors using logistic regression. 

Results. IS positively correlated with METs and negatively with body mass index and obesity. IV 

correlated positively with CRP, and negatively with Lifestyle activity. M10 positively correlated with age 

and cholesterol; negatively with fasting glucose and microalbuminuria. L5 positively correlated with 

triglycerides and number of chronic diseases. There were no correlations with gender, education, 

employment status, marital status, hypertension, level of high salt and fat intake, smoking and alcohol 

intake.  

Conclusions: Stability of rest-activity rhythm increased by level of activity. Obesity decreases this 

parameter. Fragmentation of the rest-activity pattern can increase level of inflammation.  Chronic diseases 

may lead to sleep disturbances. Surprisingly level of high activity was higher in older subjects with higher 

cholesterol.  
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Genes of MYC family play central role in coordination of diverse cellular processes, including cell 

growth and proliferation. Recent studies suggest that MYC is implicated in regulation of the circadian 

clock. Increased expression of MYC genes leads to transcriptional silencing of 24 hour rhythms in 

different cell lines via MIZ1-dependent and E-box-dependent pathways. Here we report that canonical 

MYC antagonists MAD1 and MAD2, which act as transcriptional repressors of MYC-activated genes and 

induce differentiation, are also involved in the regulation of the circadian clock through interaction with 

MIZ1. Genome-wide cistromic analysis of MYC, MAD2, and MIZ1 in human cells demonstrates that, 

additionally to E-box cites, MAD2 is also recruited to a large fraction of MIZ1-binding sites. Co-

immunoprecipitations and luciferase assays reveal that both MAD1 and MAD2 associate with MIZ1 to 

activate MYC-repressed reporters such as Bmal1-luc and p21-luc. Using transgenic U2OS cell lines we 

also show that induction of MAD1 and MAD2, on the one hand, leads to reduced cell proliferation and, 

on the other hand, triggers increased expression of clock transcripts and enhanced oscillations of 

luminescent and fluorescent circadian reporters. Taken together, our results reveal an unexpected role of 

MYC antagonists in the regulation of the circadian oscillator and, therefore, establish a novel link 

between molecular clocks and the MYC/MAX/MAD network. 
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Patterns of cigarette consumption as well as the severity of nicotine withdrawal symptoms vary across the 

day, but the neural substrates subserving these temporal changes are unclear. One promising candidate is 

the medial habenula (MHb) of the epithalamus. Nicotinic acetylcholine receptor subunits are densely 

expressed in the MHb and interestingly, the MHb exhibits daily variation in neuronal activity. Here, we 

tested whether the rhythms of MHb neurons influence their responsiveness to nicotine. First, using in 

vitro multielectrode arrays (MEA), we simultaneously measured extracellular electrical activity at 

multiple sites across MHb slices and assessed the actions of nicotine. We found that MHb neurons 

increase their spontaneous electrical activity from early to late day and that their response to nicotine was 

also greater during the late day, particularly in the ventral aspect of the MHb. Subsequent targeted whole-

cell recordings from ventral MHb neurons confirmed that nicotine evokes larger depolarization of 

membrane potential and increases in firing rate during the late compared with early day. Further, the 

magnitude of the ionic current induced by nicotine was greater late in the day. In MEA recordings of 

MHb brain slices from Cry1/2 knockout mice, both daily changes in baseline electrical activity and 

nicotine responsiveness were absent, indicating their reliance on a functional molecular clock. Currently, 

we are assessing whether such variation in MHb neuronal activity and nicotine sensitivity temporally 

influences neural targets of MHb efferents. These results raise the possibility that circadian clock-

regulated changes in MHb neuronal activity contribute to daily patterns of nicotine consumption and 

withdrawal. 

 

Funding: Fundación Séneca (19701/PD/14) and BBSRC (L007665). 
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Introduction/Aim: Humans show large differences in the preferred timing of their sleep and activity, so-

called chronotypes. From extreme early types to extreme late chronotypes, the majority falls between 

these extremes. The Munich Chronotype Questionnaire (MCTQ) estimates chronotype based on the mid-

point between sleep onset and offset on work-free days, corrected for oversleep due to the sleep debt that 

individuals accumulate over the workweek (MSFsc). The studyôs aim was to compare sleep behaviour in 

Portugal with other European nations.  

Methods: In addition to a Portuguese sample of extreme late chronotypes (n=52; DSWPD clinical 

sample), we used the MCTQ-database (å 280,000 entries as of May 2017) to perform comparative 

analyses of 6 European countries: Germany (DE, n=102,942), United Kingdom (UK, n=18,315), Austria 

(AU, n=7,301), Belgium (BE, n=9,679), The Netherlands (NL, n=20,735) and Portugal (PT, n=815).   

Results: Average chronotype (MSFsasc) for the different countries was: DE 4.67, UK 4.51, AU 4.54, BE 

4.27, NL 4.80, and PT 5.60. Average weekly sleep duration (ØSDcorr): DE 7.38, UK 7.41, AU 7.43, BE 

7.67, NL 7.59, PT 7.34. Social Jetlag (SJLcorr): DE 1.56, UK 1.25, AU 1.48, BE 1.4, NL 1.32), PT 1.6). 

The same MCTQ variables for the Portuguese extreme population: MSFsasc 8.29, ØSDcorr 7.69, SJLcorr 

1.05. Values corrected for age and gender.  

Discussion: Late chronotypes are a major concern among the medical community due to the 

significant/costly health impacts of insufficient sleep and living against the circadian clock. Portugal has 

the latest chronotypes of the six investigated countries and consequently also has the shortest ØSDcorr and 

highest SJLcorr. These results suggest that Portuguese have a higher risk of smoking, becoming depressed 

and/or overweight, and are more likely to develop metabolic problems. Future work will  investigate the 

underlying reasons and mechanisms that make the Portuguese population late chronotypes (e.g., genetic 

or environmental reasons). 
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Neuropeptide signaling is highly diverse and important for communication in metazoan nervous systems. 

In the circadian brain network of Drosophila melanogaster, the neuropeptide pigment-dispersing factor 

(PDF) is synthesized in the ventral lateral neurons and is necessary to maintain free-running locomotor 

activity rhythms. Although several other neuropeptides have been identified in these fly lateral neurons, 

there are likely additional neuropeptides that function in the fly circadian network. Moreover, Drosophila 

dorsal circadian neurons (DNs) are largely unexplored from this neuropeptide point of view. To address 

this deficiency, we analyzed mRNA-sequencing data from isolated DN1s and identified several putative 

neuropeptide-encoding mRNAs, including allatostatin-C mRNA (Ast-C). Ast-C is highly conserved 

across insect species and signals through two G-protein coupled receptors, which are homologous to 

mammalian somatostatin receptors. In situ hybridization visualization of ast-c mRNA shows an 

expression pattern consistent with the sequencing data, and immunohistochemistry indicates that Ast-C is 

indeed expressed in a subset of the DN1ps and DN3s. Ongoing locomotor behavioral data suggest that 

Ast-C may be required for proper sleep maintenance. In summary, we show that allatostatin-C is a novel 

circadian neuropeptide that may regulate sleep.  
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Drosophila melanogaster served as an excellent genetic model to decipher molecular basis of circadian 

clock. Two key proteins, PERIOD and TIMELESS, were particularly well-explored and number of 

various arrhythmic, slow clock and fast clock mutants is known from classical genetic screens. 

Interestingly, free running period (FRP) is influenced by temperature in some of these mutants, whereas 

FRP is temperature-independent in other mutant lines and wild-type flies. Clearly, systematically 

generated collection of new mutants will help to map functional protein domains and to elucidate 

underpinning molecular mechanisms. Therefore, we developed protocol for targeted mutagenesis of 

specific gene regions utilizing CRISPR/Cas9 technology, followed by behavioural screening. In a pilot 

study we identified several new timeless mutant alleles with various impairment of temperature 

sensitivity. Molecular characterization revealed short in frame insertions, deletions and even substitution 

of a few amino acids resulting from non-homologous end joining repair process. Our protocol is fast and 

cost-efficient approach for systematic functional analysis of protein-coding genes and promoter analysis 

in vivo.    
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Frequent automated blood sampling has been used to evalute homones in blood in stress events but itôs 

laborious method. In our project we utilised a novel collection device linked to a microdialysis technique 

that automatically collects timed dialysate samples from subcutaneous tissue for 24 hours or longer. The 

entire system has been already validated. Itôs safe, easy to use and needs little time commitment from the 

patient or from the nursing staff. By utilizing this system we obtain a full 24 hour profile of hormones. By 

using this device we attemted to define, for the first time, the pattern and magnitude of hypothalamic-

pituitary-adrenal axis dysregulation in situations of major clinical stress by measuring continuously (every 

20 mins) the free cortisol.  

The use of exogenous steroids in critically ill patients is widespread. This is surprising since the normal 

hypothalamic-pituitary-adrenal axis response to this life-threatening situation has never been properly 

characterised and the one area in which a properly controlled trial has been performed (critical brain 

injury) clearly demonstrated that steroids actually increased mortality. There are several reasons why we 

do not have appropriate information about HPA activity in critical illness. First there have been no efforts 

to access the pattern of circadian and ultradian cortisol secretion that we know are critical for optimal 

metabolic, inflammatory and immunological gene transcription, and second that most studies have used 

total cortisol rather than the physiologically relevant ñfreeò fraction of cortisol.  

We assessed patients diagnosed with septic shock and severe head injuries and successfully obtain 

ultradian pattern of free cortisol of these patients. These pathologies affect huge numbers of people every 

year and carry a high risk of death or long-term disability. The development of a diagnostic tool that can 

guide subsequent beneficial intervention will be of enormous value both on clinical and economic 

grounds. 
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Recently smartphones became our daily companions, tracking our every move.  Many applications 

already exist to aid us in falling asleep through meditation or quantifying our sleep using motion sensors. 

Existing applications require users to activate sleep detection.  Our approach uses smartphone context and 

usage information to detect sleep in free living without requiring activation from the user nor special 

smartphone placement.  By detecting sleep episodes it is possible to create an automatic long-term sleep 

diary. 

 

The application starts with a generalised statistical model describing the sensor data patterns during the 

sleeping opportunity window and allows users to personalise the detection model through feedback. After 

detecting a sleep episode, the application generates a notification asking the user if detected times should 

be adjusted. The detection algorithm uses the feedback to personalise the detection to the sensors most 

relevant to detect sleep for a user. 

 

Our model was validated using two weeks of data from 14 participants. A pen and paper sleep diary was 

used to record reference annotations and participants filled out the MCTQ test at the beginning and end of 

the recording period.  Data was split into five minute windows and extreme gradient boosting was used to 

classify whether there was a sleep opportunity window or not.  The homeostatic process of the two 

process model [Daan et al., 1984] was used to transform classifier output into sleep onset and wake 

moments. 

 

For leave one participant out cross validation our approach reached a ROC AUC of 0.9.  Subsequently, 

we computed mid-sleep points and compared it to the MCTQ answers of participants.  The MCTQ test 

had an average error below one hour when predicting the mid-sleep point for 5 of 14 participants while 

our approach had an average error below one hour for 12 of 14 participants. 
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Circadian rhythms permeate all levels of biology to temporally regulate cell and whole-body physiology, 

although the cell-autonomous mechanism that confers ~24-hour periodicity is incompletely understood. 

Reports describing circadian oscillations of over-oxidised peroxiredoxin abundance have suggested redox 

signaling plays an important role in the timekeeping mechanism. Here, we tested the functional 

contribution that redox state and primary metabolism make to mammalian cellular timekeeping. We 

found a cell-autonomous circadian rhythm in flux through primary glucose metabolic pathways, 

indicating rhythmic NAD(P)H production. Using pharmacological and genetic perturbations, we found 

redox homeostasis and PPP flux, but not glycolysis, are necessary to maintain clock amplitude, but 

neither redox nor glucose metabolism determine circadian period. Furthermore, the phase of the cellular 

rhythm is sensitive to acute changes in redox balance, at least partly through regulation of PER protein. 

Redox and metabolic state are thus both inputs and outputs, but not state variables, of cellular circadian 

timekeeping. 
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The indirect influence of light on human functioning is linked to retinal ganglion cells that are sensitive to 

blue light (BL). Behavioral and neuroimaging studies demonstrated that exposure to BL directly enhances 

alertness and performance. However, due to aging, the ocular lens becomes more yellow, reducing the 

transmission of short wavelengths. 

In the study we investigated longitudinal changes in behavior while blocking BL exposure by using 

contact lenses that reduce transmittance of BL (~480nm), by approximately 90%. We examined 30 young 

volunteers (16 females, age: 18-35 years old): 15 wearing blue-light-blocking contact lenses (BLB) and 

15 controls wearing only UV-blocking lenses (CTR) at baseline session and for 4 consecutive weeks of 

wearing the lenses. Participants performed a psychovigilance task (PVT), a widely used test of sustained 

attention that measures reaction time and response lapses. 

The results show increasing reaction time for BLB group (F(4,56) = 7.0, p < 0.001) and a stable measure in 

control group (F(4,56) = 1.2, p = 0.33). No difference was observed in number of response lapses.  

Additionally, subjects from BLB group performed the task one more time approximately one week after 

taking off contact lenses. The reaction time significantly decreased when comparing to last session when 

they were wearing blue-blocking lenses (t = 3.28, p < 0.01). 

The findings of this experiment show that continuous reduction of blue light exposure affects the human 

functioning in attention domain (slower reactions). Changing again the light conditions to ónormalô (i.e. 

with BL in the spectrum) reverse this effect. 
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Atrial arrhythmias (AA) are mediated by elevated [Ca2+] i partially caused by persistent Na channels (NaP) 

activation. This increases the activity of the serine-threonine Ca2+/calmodulin dependent protein 

phosphatase, calcineurin (Cn). AA and Cn exhibit diurnal patterns. The correlation between raised [Ca2+] i 

by  NaP, Cn and circadian clock is unknown. We therefore assessed the effects of the following on Bmal1 

rhythmicity in cultured mouse atrial (HL-1-6) cells: 1)NaP opener, ATXII; 2)raised [Ca2+] i induced by 

ATXII and 3)Cn inhibitor, Cn autoinhibitory peptide (CAIP).  

 

HL-1-6 and mouse embryonic fibroblasts (MEFs, positive control) were maintained in culture. Cells were 

transduced with Bmal1::luciferase (BMAL1::LUC) reporter to record bioluminescence rhythmicity over 

several circadian cycles (4-5 days). Cellular clocks were synchronised (2hrs; 50% FBS) then incubated in 

control media alone/or with 1nM ATXII in absence/presence of: 1) 10ɛM ranolazine (NaP blocker); 2) 

5ɛM BAPTA-AM (Ca2+ chelator) or 3) 25ɛM CAIP. Differences among groups were tested by ANOVA 

followed by Bonferroni post-hoc comparison.  

 

Under control conditions, HL-1-6 and MEFs exhibited 24hrs Bmal1 circadian rhythms with a period of 

26.09±0.77hrs (n=8) and 25.22±0.26hrs (n=8), respectively. ATXII disrupted Bmal1 rhythmicity in HL-1-

6 only, by significantly shortening its period to 17.06±1.07hrs;n=8; P<0.05. Such effects were reversed 

by ranolazine (25.32±0.97; n=8; P<0.05 vs ATXII). In fura2-AM loaded cells, [Ca2+] i was increased with 

ATXII (2.30±0.05) compared to control (0.96±0.08; n=3; P<0.01). Again, ranolazine fully reversed 

ATXII effect (0.94±0.02; n=3; P<0.01). BAPTA-AM prevented ATXII-induced Bmal1 period shortening 

(ATXII 17.09±1.21; ATX+BAPTA-AM 29.91±0.54; n=8; P<0.05). CAIP treatment exhibited similar 

effects (ATXII 17.86±1.85; ATX+CAIP 25.15±0.56; n=5; P<0.05).  

 

This study showed that in HL-1-6: 1) ATXII significantly shortens Bmal1 circadian period by almost 9hrs 

which is fully reversed by ranolazine; 2) ATXII raises [Ca2+] i and 3) calcineurin mediates ATXII effects. 

We conclude that a rise in [Ca2+] i by NaP activation disrupts atrial Bmal1 circadian rhythm via 

calcineurin-dependent pathway. 
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An amount of blue light in the white light spectrum varies across a day, reaching maximum at dawn and 

dusk; and also seasonally, with a higher amount during summer versus winter time. Insufficient 

exposition to light in the winter is thought to be a major cause of circadian disturbances such as decreased 

amplitude, phase delay or decreased stability of the rhythms found in e.g. seasonal affective disorder. It is 

however not certain whether changes in the spectral composition of light contribute to the phenomenon. 

The study aimed at investigating the effects of blue light blockage on the circadian rhythms of core body 

temperature and locomotor activity in pigmented rats. 

Adult Long Evans rats were implanted with telemetry transmitters simultaneously recording the core 

body temperature and locomotor activity. Animals were kept in 12:12 light-dark cycle. During 9 baseline 

days the light phase was provided by halogen lamps emitting white light of full spectral composition 

(light intensity: 400 lux). During following 9 experimental days blue part of the spectrum was blocked by 

yellow filter (cut off at 525 nm, light intensity: 400 lux).  

Parameters were compared between light conditions. After the blue light blockage the amplitude and 

robustness of the locomotor activity rhythm decreased. A significant reduction in the mean level of 

activity was observed in the dark phase. Moreover, the mesor of the core body temperature rhythm 

decreased and the core body temperature itself was reduced both in the light and the dark phase. 

Blue light deprivation results in disturbances in the circadian rhythmicity in pigmented rats with fully 

functional retina. Observed changes resemble those found in depressed patients, suggesting that not only 

light intensity but also its spectral composition matters. 

The study was supported by 2015/08/W/NZ3/00700 grant. 
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timeout (tim2) is an insect orthologue of the mammalian clock gene Timeless (Tim). Its functional role has 

been extensively studied in mammals using cultured cells, but little is known for its role in behavioral 

rhythms because Tim is essential for embryonic development and mutant individuals show high lethality. 

In the present study, we have obtained cDNA of tim2 (Gbôtim2) in the cricket, Gryllus bimaculatus and 

analyzed its functional role in circadian locomotor rhythms and reproduction. Gbôtim2 consists of 1432 aa 

and has a homology of approximately 65% with that of Drosophila melanogaster. When treated with 

parental Gbôtim2RNAi, less than 2% of the treated eggs hatched, while in control eggs treated with 

DsRed2RNAi the hatching rate was about 60%. In most of the Gbôtim2RNAi treated embryos, normal 

development was prevented. Adult females treated with Gbôtim2RNAi have greatly reduced number of 

mature eggs compared with the control females treated with DsRed2RNAi.  

As to activity rhythms, the Gbôtim2RNAi crickets showed a clear locomotor rhythm synchronized with a 

light cycle of LD12:12, but the nocturnal peak was greater and the light-on peak was weaker in 

comparison with the control crickets treated with dsDsRed2. In constant darkness, the Gbôtim2RNAi 

crickets showed a rhythm free-running but with a reduced nocturnal peak which often dissociated into 

two components running separately. Molecular analysis revealed that Gbôtim2RNAi treatment 

downregulated the mRNA levels of Gbôper to eliminate its daily expression rhythm, while the treatment 

has no effect on Gbôtim and Gbôcry2 expression levels. The change in Gbôper levels may underlie the 

altered behavioral rhythms in Gbôtim2RNAi crickets. Both GbôClkRNAi and GbôcycRNAi downregulated the 

Gbôtim2 expression, suggesting that transcription of Gbôtim2 is mediated by GbôClk and Gbôcyc through 

E-box. These results suggest that Gbôtim2 may be involved in the clock mechanism in the cricket. 
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Patients experience poor sleep post-operatively which is likely due in part to the phase shifting effect of 

general anaesthesia (GA) on the circadian clock.  In this work I describe mechanisms underlying this 

effect and results from a clinical study examining circadian disruption in the hospital setting.   

An examination of the effect of isoflurane on the SCN of PER2::LUC mice in vitro revealed that 

administration of a six hour of isoflurane anaesthetic to SCNs between CT8 and CT16 resulted in an 

average phase delay of -6.99 h [±1.34 SEM],) compared to controls (air only) at similar CTs that showed 

an average phase delay of -1.33 h (±2.77 SEM), (p=0.01).  Isoflurane administered at other CTs did not 

elicit large phase shifts.  These findings are in line with previous work on invertebrates in which the 

largest phase shifts following anaesthesia were detected around CT12.   

The above findings directed our studies in a single-blinded randomised controlled trial of the effect of 

intra-operative bright light in affecting post-operative sleep and circadian markers in kidney donor 

patients.  Following hospitalisation, anaesthesia and surgery patients in the control (placebo light) group 

showed an average phase delay in core body temperature (CBT) rhythms of -4.18 hours (±1.74 SEM), 

compared to patients in the bright light group who showed an average phase delay of -1.16 hours (±0.62 

SEM, p=0.07).  Furthermore, non-parametric circadian rhythm analyses of actigraphic data showed 

higher interdaily stability (IS) post-operatively in those that received intra-operative bright light compared 

to those that received placebo light (p=0.08).  

These studies have shown a strong time dependent phase shifting effect of GA on PER2::LUC rhythms in 

the mammalian SCN, and a phase delay of CBT in patients following hospitalisation, general anaesthesia, 

and surgery.  Preliminary evidence suggests that intra-operative bright light may reduce the phase delay 

following surgery.   

 

Research Funding  

This research was funded by a grant from the Office of Naval Research, USA (N000141310879) awarded 

to GRW and JFC and a University of Auckland Doctoral Scholarship awarded to NML.  
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Major depressive disorder (MDD) is one of the leading causes of disability worldwide and confers a 

substantial socio-economic burden in modern society. MDD is a heterogeneous disorder with a wide 

range of symptoms, however most afflicted show signs of circadian disturbances. These disturbances are 

measurable, both in animal models and post-mortem brain tissue from patients, as changes in clock gene 

expression. Furthermore, clock genes are expressed in blood cells and the expression patterns have been 

shown to be affected during MDD. Long-term treatment with conventional antidepressants is unable to 

fully normalize clock gene expression rhythms. 

This is a translational study, where we aim to investigate the physiological and behavioral consequences 

of the circadian rhythm disturbances observed during depression and evaluate the benefits of a dynamic 

lighting system to aid the treatment of MDD. The circadian rhythm is followed using the classic phase 

markers cortisol and melatonin. We apply in situ hybridization and real-time qPCR to investigate clock 

gene expression rhythms in both animal models and clinical depression. Daily activity rhythms will be 

tracked using actigraph watches and phenotyping cage to elucidate how the activity rhythm is affected 

during MDD and in our animal model. 

This study is still in the early preliminary stages, with limited data collected at this point in time, but we 

hope to identify and maps various aspects of the circadian rhythm disturbances occurring during clinical 

and pre-clinical depression. 
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Several circadian oscillator systems have been identified that provide temporal regulation of goal directed 

behaviour. In addition to the biological clock in the suprachiasmatic nucleus (SCN), these include a food 

entrainable oscillator (FEO), condition entrainable oscillators (CEOs) underlying time memory, and a 

methamphetamine sensitive circadian oscillator (MASCO). It is not certain whether these are all unique, 

or different expressions of common mechanisms. Circadian oscillations are produced autonomously in 

brain structures that are responsible for thought, action, and emotional responses. However, the identity of 

a discrete, exclusive source of rhythm generation for any of these systems has been elusive. The 

independence of each of these oscillators on the canonical clock genes, along with each systemôs 

dependence on dopamine suggested that rhythmicity was a circuit property that involved the ascending 

dopamine pathways with descending negative feedback involving glutamate/GABA connections ï a well 

established system regulating voluntary behaviors. To test this, we established a paradigm for observing 

behavioral effects of food entrainment, MASCO (produced by chronic amphetamine), time memory, and 

the SCN in individual mice. Using the mouse model we demonstrates (a) continuous reciprocal 

interactions between the MASCO and SCN; (b) a relationship between the MASCO and food anticipatory 

locomotion; (c) partial entrainment (relative coordination) or full entrainment (bicircadian rhythms) of the 

MASCO by daily food reward; (d) a dependence of time memory on both the MASCO and SCN. Finally, 

we show that MASCO period is altered in mice carrying either a knockout of serine racemase (SR-/-) or 

the glycine transporter (GlyT+/-), suggesting a glutamate dependence of the MASCO. The results support 

the hypothesis that in the presence of chronic amphetamine, circadian oscillations are generated by the 

dopamine/glutamate/GABA circuits regulating goal directed behavior. 
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Over the last decade a solid body of evidence has identified a mammalian hypothalamic circannual time-

keeping mechanism that measures photoperiod and subsequently drives annual rhythms in physiology and 

reproduction. The neuroanatomy of this conserved mechanism has been mapped and genes and promoter 

elements that play a crucial role in this response have been identified. It is therefore timely to apply 

functional genetics to this neurobiological knowledge of annual timing and to understand how adaptation 

of reproductive timing evolves in natural populations.  

We choose to study this in voles (genus: Microtus); one of the most abundant groups of mammalian 

herbivores, with a key role in terrestrial ecosystem function.  

In this project we will assess the critical photoperiod at which gonadal development is induced via the 

hypothalamus for northern and southern Microtus species under controlled laboratory conditions. We 

predict that M.arvalis (Southern) will be better adapted to ólow latitudeô photoperiod-temperature 

relations and breed at shorter photoperiods then M.oeconomus (Northern), for which favorable breeding 

conditions emerge at longer photoperiods.  

Furthermore, we will examine whether polymorphism frequencies of genes known to be important for 

photoperiodic responses and circannual timing vary with latitude. Subsequently, genetic differences on 

photoperiodic gene induction will be functionally tested in cell culture luciferase assays.  

By combining lab- and field-studies, we will be able to establish if candidate polymorphisms functionally 

explain differences in photoperiodic gene expression and hypothalamic and physiological latitudinal 

responses.  
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In the natural environment, every organism encounters environmental fluctuations such as light-dark 

cycles. Therefore, proper timing using internal clocks is important to adjust feeding behavior, metabolism 

and hormone secretion to the day-night cycle. The function of the clock network components in daily 

timing of metabolism in the model organism Drosophila melanogaster is poorly understood. Therefore, 

we aim to discover metabolic pathways or metabolites that oscillate diurnally in the hemolymph of the 

fruit fly. To achieve this, wild type flies were sampled every three hours and the lipidome of the 

hemolymph was analyzed with high resolution liquid chromatography coupled to high-resolution mass 

spectrometry. Experiments reveal that levels of diacylglycerol seem to oscillate in 5 days old male/female 

flies kept under 12-12 hour light/dark cycle and fed plant-yeast extract ad libitum. Also, male flies fed on 

restricted diet showed oscillation of diacylglycerol in a time-resolved manner. Furthermore, the feeding 

behavior of male flies on plant-yeast extract under 12-12 hour light/dark cycle showed a rhythm. These 

aforementioned results suggest that flies maintain homeostasis of storage lipids such as diacylglycerol in 

the hemolymph.  
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The fruit fly Drosophila melanogaster has proven to be a powerful and representative model to study the 

neural basis of daily timekeeping in animals. Circadian control of sleep/wake rhythms in both flies and 

mammals requires not only cellular molecular oscillators, but also intercellular neuropeptide signals. How 

these oscillators couple to relevant patterns of neuronal firing remains, to a large extent, unclear. Here, we 

present evidence that the small GTPase RHO1 (RHOA in mammals), a regulator of actin dynamics, 

controls circadian locomotor behaviour in a dosage-dependent manner. Remarkably, flies with reduced 

Rho1 levels in their adult DD pacemaker neurons, the small ventral lateral neurons (s-LNvs) that express 

the neuropeptide PIGMENT DISPERSING FACTOR (PDF), exhibit a loss of locomotor activity rhythms 

in the context of apparently normal molecular oscillator function in the brain. Several lines of evidence 

implicate a defect in peptidergic signalling  from the dorsal s-LNv projections as the cause of this 

phenotype: 1)  Pdf receptor (Pdfr) mutants are epistatic to Rho1 knock-down, 2) Rho1 knock-down is 

phenocopied very well by a genotype that independently affects these projections, 3)  The Rho1 knock-

down behavioural phenotype is rescued by manipulations that shift pacemaker function from the s-LNvs 

to other clock neurons, and 4) clock-controlled rhythms of remodelling of the s-LNv dorsal projections 

are abrogated upon Rho1 knock-down. These observations suggest that neuronal activity rhythms in 

PDFR clock neurons and connected output circuits may also be disrupted. Thus, clock function may be 

weakened at the circuit level without a strong impact on cellular oscillator function. The notion that Rho1 

knockdown results in a weaker clock circuit is further supported by the observation that flies with this 

mutant genotype show less resistance to the impact of out-of-phase environmental temperature cycles on 

their daily activity patterns than wild-type controls. In summary, we have identified a dosage-dependent 

function for the actin regulator RHO1 in coupling of circadian locomotor behaviour to cellular oscillators 

by peptidergic s-LNv signalling. 
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RNA localisation in subcellular compartments is important in every aspect of cell biology, but the 

question of whether RNA abundance in synapses varies according to time of day is yet unknown. The 

anticipation of synaptic events such as neurotransmission by prior RNA transport could be advantageous 

for neuroplasticity, and such regulation could already begin in the nucleus. 

 

In order to investigate the possibility of such localised control, we performed around the clock collections 

of mouse brains and subsequent RNA sequencing of biochemically isolated synaptoneurosomes. We 

found a large set of transcripts whose synaptic aboundance oscillated in circadian fashion, and compared 

it with the set of RNAs contained in nuclear structures called paraspeckles, whose components have been 

previously found to interact with core clock PER proteins and regulate synaptic RNA levels. 

 

In this poster, we take an immunocytological approach to examine the hypotheses raised by RNA 

sequencing data. RNAscope, a highly sensitive variant of FISH, has been combined with conventional 

immunofluorescence to allow the exact localisation of single RNAs in subcellular compartments such as 

synapses or paraspeckles. Using this technique, we imaged and quantified a subset of transcripts found in 

our transciptomic data, demonstrating their localization over time. Furthermore, we validated our 

conclusions by studying the same set of transcripts in an in vitro model using circadian clock-

synchronized cultured forebrain neurons.  

 

We suggest that circadian regulation of the synaptic transcriptome could provide both robustness and 

flexibility to the complicated mechanism governing synaptic homeostasis and plasticity. The full possible 

implications of such control remain elusive, but our findings suggest the importance of exact temporal 

and spatial localisation of RNAs to correct cellular function. 
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Circadian timekeeping in mammalian cells is facilitated by a network of transcriptional, translational and 

post-translational feedback mechanisms that drive oscillations in most aspects of cell biology. The 

generally accepted clock model consists of a core transcription-translational feedback loop (TTFL) 

involving activating transcription factors, CLOCK and BMAL1, and their repressors, Period (PER) and 

Cryptochrome (CRY). Of these negative factors, CRY is thought the main repressor, requiring PER to 

perform its full function. CRY proteins are therefore believed to be absolutely required for the ticking of 

the mammalian cellular clock, and CRY-deficient cells and animals are often used as arrhythmic 

experimental models. Here, we show that CRY1/2-deficient adult fibroblasts exhibit circadian oscillations 

of PER2::LUC reporter activity. The clock in these CRY-deficient cells is less robust compared with wild 

type, but critically exhibits the canonical characteristics of a circadian rhythm. We have employed live 

imaging, biochemical and pharmacological approaches to characterise the nature of CRY-independent 

cellular rhythms. Rhythmic PER2::LUC expression is regulated in a post-transcriptional fashion, and 

correlates with a rhythmic regulation of PER2 stability that persists in the absence of transcriptional 

cycles. Our findings add another layer of complexity to the current model of molecular circadian 

timekeeping. 
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We previously demonstrated that chemopreventive methylselenocysteine (MSC) prevents N-nitroso-N-

methylurea (NMU)-induced mammary carcinogenesis in the susceptible Fischer 344 (F344) rats by 

enhancing NAD+-dependent SIRT1 activity, restoring circadian expression of major clock genes (CGs) 

and circadian controlled genes (CCGs). Here, we show that compared to the genetically resistant 

Copenhagen (COP) rat strain, mammary glands of the F344 rats have a 4-hour phase delay in circadian 

expression of Period 2 (Per2). Consequently, F344 rats failed to increase SIRT1 activity and circadian 

expression of Per2 and DNA damage response and repair (DDRR) genes after exposure to NMU. 

However, exposure of COP rats to NMU enhanced SIRT1 activity, increasing circadian expression of 

Per2 and DDRR genes.  Significantly, SIRT1 activity and circadian expression of Per2 and DDRR genes 

in NMU-treated F344 rats on MSC-enriched diet approximated those in NMU-treated COP strain. These 

results indicate that COP rats have an increased capacity to maintain NAD+-dependent SIRT1 activity 

under genotoxic stress. This contention was supported by increased stability of the period and phase of 

circadian locomotor activity in COP vs F344 exposed to changing light. The increased sensitivity and 

rapid response of COP to changing light were correlated with the enhanced circadian response of this 

strain to carcinogen.  Disturbance of circadian rhythm by jet-lag disrupted circadian expression of Per2 

and DDRR genes and accelerated mammary tumorigenesis in rodents. These results suggest that 

uncoupling of DDRR responses from circadian control by environmental stresses and endogenous factors 

increases susceptibility to mammary carcinogenesis.  
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Background. Evening chronotypes have been repeatedly associated with depression but the mechanisms 

underlying this association remain unclear. Some research has shown that evening types suffer from poor 

sleep quality, but results have been inconsistent across studies. More recently, blunted positive affect and 

biases in the emotion information processing of evening types have been suggested. The aim of our study 

was to further investigate such underlying potential mechanisms of the eveningness-depression link by 

assessing differences in these known vulnerability factors of depression, namely low sleep quality, 

negative biases in emotional cognition, and low positive affect, in morning and evening chronotypes. This 

is the first study to investigate such a spectrum of vulnerability factors of depression in relation to 

chronotypes in a single design. 

Method. 69 participants (29 morning types and 40 evening types) were assessed. Sleep quality was 

investigated during a 7-day period using actigraphy and self-report (Pittsburgh Sleep Quality Index 

(PSQI)). Participants also completed an affective go/no-go task (which is a response inhibition task for 

positive and negative words) and the Positive and Negative Affect Schedule (PANAS) at two time points 

(morning and evening hours). 

Results. Evening types showed longer sleep onset latencies than morning types as shown through 

actigraphy. They also reported significantly worse sleep quality. Evening types also reported lower 

positive affect in the morning session compared to morning types. There were no differences between 

chronotypes on other sleep parameters and on the affective go/no-go task. 

Discussion:  Compared to morning types, evening types showed difficulties falling asleep, reported worse 

sleep quality and had blunted positive affect in the morning hours. All these factors could make (healthy) 

evening types more vulnerable to depression. Preventive strategies could entail regulation of the sleep-

wake rhythm to improve sleep quality in combination with behavioral interventions to improve mood 

early in the day.  
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Night shift work has been recently suggested as a possible risk factor for multiple sclerosis (MS). The 

present analysis evaluated the association of rotating night shift work and MS risk in two prospective 

female cohorts, the Nurses´ Health Study (NHS) and NHS II. History of rotating night shift work was 

assessed at baseline (NHS: 1988; NHS II: 1989) and was updated regularly through follow up only in 

NHS II (1991, 1993, 1997, 2001, 2005, 2007). MS cases were defined as new cases diagnosed after 

baseline and until the end of follow-up (NHS: 2004; NHS II: 2009). We evaluated the cumulative 

duration of rotating night shift work in relation to the risk of MS in Cox-models and calculated hazard 

ratios (HR) and 95% confidence intervals (CI) adjusting for potential confounders (age, BMI at age 15, 

ethnicity, vitamin D, latitude at age 15, pack-years of smoking). A total of 82938 (NHS) and 116288 

(NHS II) women were included in this analysis. At baseline NHS participants were older (mean age 54 

years, SD 3.1) compared to NHS II participants (age 35 years, SD 3.7). During follow-up 505 new MS 

cases (55 in NHS and 450 in NHS II) were reported and physician confirmed. Compared to day work, 

rotating night shift work was not associated with risk of MS in the NHS II (1-9 years: HR 1.15, 95% CI 

0.78 to1.69; 10+ years: HR 1.07, 95%CI 0.72 to 1.57).  Similar results were obtained in the NHS (1-9 

years: HR 1.18; 95% CI 0.66 to 2.10; Ó10 years: RR 1.61, 95% CI 0.70 to 3.69).We observed no 

association between duration of rotating night shift work and MS risk in these two cohorts of nurses. 

Future studies need to consider the timing of exposure since early life night shift work might be critical 

for MS development. 
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The transcription factor, ZFHX3 has been identified as a regulator of circadian rhythms in the 

suprachiasmatic nucleus (SCN) ï the site of the master clock of the body. The Short-Circuit missense 

mutation in ZFHX3 (Sci) displays a short circadian period phenotype. Although evidence shows that 

reducing the transcriptional regulation of ZFHX3 disturbs the expression of neuropeptides which are 

essential to SCN signalling, the role of ZFHX3 in SCN circadian function and the molecular mechanism 

underlying ZFHX3-dependent networks in circadian regulation is unclear.  

Through immunoprecipitation studies we have identified a potential cofactor of ZFHX3, Myb-binding 

protein 1a (MYBBP1a). This nuclear protein predominantly localizes in the nucleolus and functions as a 

shutting protein for both nuclear import and export. Although it does not contain obvious DNA-RNA 

binding motifs, previous studies showed that MYBBP1a associates with a number of transcription factors 

to regulate gene transcription. Evidence suggests that it may regulate the molecular circadian clock by 

acting with CRY1 as a co-repressor of Per2.  

Our results show that ZFHX3 is localized in the nucleus and is co-localized with MYBBP1a at the 

nucleolus. The protein-protein interaction between ZFHX3 and MYBPP1a has also been demonstrated by 

pull down. Hence, we propose MYBBP1a may interact with ZFHX3 to regulate circadian gene expression. 

To test our hypothesis, we employed luciferase reporter assays to characterize the role of 

MYBPP1a/ZFHX3 complex in circadian gene expression. Through such experiments we hope to clarify 

the role of both ZFHX3 and MYBBP1a and provide insight to the mechanisms underpinning the circadian 

regulation of transcription.  
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Circadian clocks are endogenous timers that control daily rhythms in our behavior and physiology. 

Disruption of the circadian clock due to shift work or travel across time zones can lead to jet-lag and over 

the long term, increase risk of diabetes, cardiovascular disease and cancer. The development of new 

pharmaceuticals to treat circadian disorders, however, is costly and hugely time-consuming. Therefore, 

using a drug repurposing approach, we performed a high-throughput chemical screen of existing drugs for 

circadian clock modulators in human U2OS cells, with the ultimate aim of manipulating clock function in 

vivo. We screened over 1000 known bioactive molecules, which are currently on the market or in clinical 

trials. These compounds are attractive candidates for the treatment of circadian disorders, since they can 

be safely administered to animals and potentially fast-tracked for use in humans, and their targets are 

usually known. We identified nearly 60 compounds in our chemical screen that altered circadian period. 

One molecule that shortens period in cells was tested directly in mice and found to significantly affect 

circadian locomotor activity. Our screen indicates that drug repurposing strategies are effective in 

identifying circadian clock modulators and potential treatments for circadian disorders. 
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In recent years, there has been an emphasis on the understanding of the complex relationships between 

experience, sleep and plasticity. A current hypothesis proposes a role of sleep in synaptic renormalization 

that enables plastic changes. One potent way to induce plasticity is exposure to socially enriched 

environments that affect the number of synapses and day-time sleep in Drosophila. We investigated the 

impact of social experience on sleep architecture as well as structural changes in young adult brains using 

inbred lines of Drosophila melanogaster developed from populations artificially selected for extreme long 

and short sleep. Our results indicate significant increases in day-time sleep in short and long-sleeper 

males exposed to social conditions; yet females exposed to the same conditions show little response.  

Social exposure affected other sleep parameters such as such day and night bout numbers, sleep latency 

and waking activity levels, but had little impact on night-time sleep. We also examined the synaptic 

terminals of the projections of the LNvs using immunohistochemistry experiments with anti-PDF staining 

for flies experiencing isolation and enrichment conditions. Data obtained so far indicate qualitative 

differences in the synapse number among long and short sleeper flies under different social paradigms. 

Funding Source: Intramural Research Program HL006146-02, NHLBI, NIH. 
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Ultradian rhythms are widely present in physiology and behaviour, mostly shaping  the circadian 

rhythmicity. Actually, polyphasic intra-daily activity rhythms have been recognized in most species. 

Ultradian rhythms have been considered to be due to the manifestation of uncoupled circadian oscillators. 

This is the case of animals under constant light (LL) that lose the circadian rhythmicity and show 

ultradian periodicities.  

Here, we tested the effect of social interaction on the ultradian rhythmicity induced by light. To 

do so, we compare the effect of living in collectivity on the motor activity and temperature pattern of two 

groups of male Wistar rats under LL. One group (rhythmic rats) was born under LL, thus, rats maintained 

a clear circadian rhythmicity.  The other group (arrhythmic rats) was born under 24 h light-dark cycles, 

thus rats became arrhythmic . 

First, we compared the motor activity pattern of 8 rats maintained in individual cages and 6 rats in 

collective cages (3 rats/cage) of each group. Ultradian components were strongly manifested in the 

activity pattern of the collective cages of arrhythmic animals. Then, an ibutton was implanted to 6 

rhythmic and 6 arrhythmic rats (3 rats/cage). Animals were 20 days in collective cages and afterwards 

they were transferred to individual cages for 16 more days. Spectral analysis was calculated for each 

animal data for both stages. The power content of the first, circadian, harmonic (PCH1), higher in 

rhythmic than arrhythmic animals, was not altered between individual or collectively situation in 

rhythmic rats. However, in arrhythmic animals, PCH1 had lower values when grouped. Moreover, in this 

group, higher ultradian power (3h period) was found when rats were grouped.  

Results indicate that in the cases of arhythmicity, but with functional suprachiasmatic nuclei, 

ultradian rhythms can be synchronized by social interaction.  
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When studying the evolution and stability of circadian rhythms through long time periods, certain 

structural properties in the measured variables can be detected beyond the strictly circadian rhythm. These 

properties are often related with physical and mathematical concepts like fractals, determinism, or chaos. 

In many cases, these structural changes have been proved to be related with the functioning of the 

circadian system, like in heart rate or spontaneous motor activity. In the present study we studied the 

evolution of motor activity pattern in two groups of rats kept under very different experimental situations. 

In all cases, we observed similar changes in the ñtransitivityò property, apparently only related with the 

time (age of the animal). One group was studied through a period of 170 days and the rats (24 rats, six 

weeks old at the beginning of the experiment) were kept under constant illumination of increasing or 

decreasing intensities (0.01-1 lux). Data series were divided in 11 sections and analysed by RQA  

(recurrence quantification analysis) to measure transitivity and other structural invariants. In these data, a 

uniform decrease of transitivity (from 0.93 to 0.75) was observed through the successive sections of time 

while the period and variance of the circadian rhythm changed according the light intensity. The second 

group was formed by 40 rats recorded since weaning for 360 days and submitted to different light 

regimes. Data series were sectioned in 16 epochs and were analysed by RQA, showing, again, a decrease 

in the transitivity, especially during the first weeks. Although transitivity is not easily interpretable in 

biological terms, it is strongly related with the presence of chaos, so, according to our results, a clear 

increase in the chaotic behaviour of motor activity rhythm through time can be suggested, probably 

related with the stability and replicability of the circadian system, 
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Transcriptionally active and inactive chromatin domains tend to segregate into separate sub-nuclear 

compartments in the three-dimensional space of the nucleus. The spatial separation between active and 

inactive states likely promotes the robust maintenance of cell type-specific expression patterns and cellular 

phenotypes by reducing stochastic fluctuations in transcriptional activity. Using novel single-cell 

techniques that enable the simultaneous detection of chromatin states, transcription states and sub-nuclear 

localization of specific loci within the 3D space of the nucleus, we have found that serum shock-induced 

synchronization of circadian rhythm involves the coordinated and rhythmic recruitment of clock-controlled 

genes from transcriptionally permissive chromatin compartments to the repressive environment of the 

nuclear envelope. Localization of circadian genes to the lamina promotes the formation of transient inter-

chromosomal chromatin fiber interactomes between circadian genes and repressed lamina-associated 

domains, which is followed by transcriptional attenuation and the subsequent release of clock-controlled 

genes from the lamina to the nuclear interior. We have, moreover, uncovered that rhythmic chromatin 

mobility between active and inactive chromatin environments and ensuing oscillations in transcriptional 

activity are regulated by novel feedback loops between the genome organizers PARP1 and CTCF, as well 

as members of the core clockwork. 3D genome organizers thus collaborate with the circadian clock 

machinery and the nuclear architecture to regulate the plasticity of oscillating 3D chromatin conformations 

and circadian transcription. 
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It is well known that cone responses are faster in the light-adapted than in the dark-adapted retina due to 

light/dark adaptational processes in the phototransduction cascade. In this study we investigated whether 

there is also a circadian control of cone kinetics. 

Electrophysiological recordings were performed in goldfish retinas during the day and night (12h-12h; LD, 

DD). Naturalistic stimuli were used to determine cone frequency response relations.  

Voltage light responses of cones were faster during the day than during the night. This difference remained 

in DD (n=17, p<0.001). To determine the underlying mechanism, we measured the cone frequency response 

relations under current- and voltage-clamp conditions. Responses under current-clamp are shaped both by 

phototransduction and voltage-gated currents whereas responses under voltage-clamp are fully determined 

by the phototransduction cascade. Both current- and voltage- clamp recordings showed faster kinetics in 

the day than in the night (n=40; p<0.01). However, in DD the change in kinetics only occurred under 

current-clamp conditions. This indicates that voltage-gated channels control cone kinetics in a circadian 

fashion.  

We found that Ih, the current flowing through HCN channels, is circadian-modulated in cones being larger 

in the day than in the night both in LD and DD (n=93; p<0.01). Previously we have shown that Ih induces 

contrast adaptation in cones (Howlett et al., 2017). Since Ih is circadian regulated, we found reduced contrast 

adaptation at night compared to the day both in LD and DD conditions (p<0.01).  We next showed the 

rhythm in Ih and cone kinetics is dopamine-dependent. 

Dopamine is involved in the circadian modulation of Ih which is larger during the day making cones fast 

and allowing contrast adaptation. Circadian modulation of cone membrane properties seems to prepare the 

retina to transmit the appropriate visual signal depending on the time of the day. 
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Osmo and thermosensitive OVLT neurons regulate SCN vasopressin neurons in horizontal 

slices of mouse hypothalamus 

Gizowski C, Zaelzer C, Bourque CW 
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Circadian rhythms can be shifted by non-photic stimuli, however the mechanisms by which these stimuli 

alter the rhythmicity of SCN neurons remain unclear. The organum vasculosum lamina terminalis 

(OVLT) is a preoptic multimodal sensory nucleus that contains neurons capable of detecting changes in 

both temperature and osmolality via the transduction channel dn-Trpv1. We therefore we examined if 

OVLT neurons can modulate SCN clock neurons. To determine if OVLT neurons project to the SCN, we 

injected fluorescent microspheres in the SCN of mice. We found retrogradely labelled neurons in the 

OVLT, indicating that such neurons send axons to the SCN. In a subset of these mice, hypertonic saline 

was injected subcutaneously 2 hours before the brain was perfused with fixative and stained to examine 

expression of the activity-dependent immediate early gene c-Fos. Retrogradely labeled OVLT neurons 

were found to express c-Fos, indicating that such neurons could provide osmosensory information to the 

SCN. Indeed, single cell RT-PCR analysis of retrogradely labelled OVLT neurons confirmed the 

expression of dn-Trpv1, and most of these also expressed GAD65, a marker of GABAergic neurons. 

Preliminary results suggest GABA excites SCN vasopressin (VP) neurons during the subjective day, 

when electrical activity is low. Since OVLT neurons are excited by hypernatremia and heat, we 

hypothesized that SCN VP neurons can be excited via OVLT GABAergic neurons. Using horizontal 

hypothalamic slices that retain the OVLT-SCN network, we obtained whole-cell voltage clamp 

recordings of SCN VP neurons. In the presence of Kynurenic acid to block glutamatergic synapses, bath 

application of a hypernatremic solution or local heating of the OVLT caused a significant increase in the 

frequency of spontaneous inhibitory post-synaptic currents, indicating that a pathway arising from the 

OVLT can relay osmo- and thermosensory information to SCN VP neurons. The functional significance 

of this projection remains to be determined. 
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Two antagonistic Casein Kinase 1 Delta isoforms regulated by m6A methylation. 
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The physiological significance of the N-6-methylation of internal adenosines (m6A) in mRNA is 

unknown, especially in adult animals, since most reports were so far based exclusively on in vitro 

experiments. We demonstrated previously that the mammalian circadian clock is sensitive to the general 

inhibition of m6A. Here, we show that the Casein Kinase 1 delta mRNA (Ck1d) is negatively regulated 

by m6A. Moreover, we report the existence of two alternatively-spliced CK1D isoforms whose 

expression increase under m6a inhibition in vitro, confirmed in vivo by CRISPR-Cas9-mediated mutation 

of the m6A locus in the 3ô-UTR of Ck1d. These two isoforms compete for the phosphorylation of PER2, 

but on different residues and with opposite effects on the clock. These findings suggest that m6A 

methylation regulates the pace of the clock by controlling the balance between isoforms. 
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Direct midbrain dopamine input to the suprachiasmatic nucleus accelerates circadian 

entrainment  
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Dopamine (DA) neurotransmission controls behaviors important for survival including voluntary 

movement, reward processing, and detection of salient events such as food or mate availability. 

Dopaminergic tone also influences circadian physiology and behavior. Although the evolutionary 

significance of this input is appreciated, its precise neurophysiological architecture remains unknown. Here, 

we identify a novel, direct connection between the DA-neurons of the ventral tegmental area (VTA) and 

the suprachiasmatic nucleus (SCN). We demonstrate that D1 dopamine receptor (Drd1) signaling within 

the SCN is necessary for properly timed resynchronization of activity rhythms to phase-shifted light:dark 

cycles and that elevation of DA tone through selective activation of VTA DA-neurons accelerates 

photoentrainment.  Our findings demonstrate a previously unappreciated role for direct DA input to the 

master circadian clock and highlight the importance of an evolutionarily significant relationship between 

the circadian system and the neuromodulatory circuits that govern motivational behaviors.   
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Time-dependent effect of Lateral habenula inhibition on food intake in rats fed a regular-

chow or a palatable free-choice hypercaloric diet. 
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Eating is regulated by central mechanisms controlling the amount and type of food that an organism 

requires and likes. In addition, food ingestion exhibits a day/night pattern coupled to the activity period of 

the organism. This rhythm is paced by the suprachiasmatic nucleus (SCN), the main circadian clock in 

mammals. Other extra-SCN central clocks may modulate the daily rhythm of food intake. The Lateral 

Habenula (LHb) is an epithalamic area with strong glutamatergic inputs and outputs, and anatomical and 

functional connections to the reward system and the SCN. Despite its involvement in the evaluation of 

reward and its rhythmic properties, little is known about its possible role in feeding behavior and 

palatable-food intake. Methods: To evaluate the function of the LHb in the regulation of food intake, we 

implanted, bilaterally, guide cannulas targeting the LHb in 2 groups of Wistar rats: a control group with 

ad libitum access to water and regular chow-pellets; and a palatable free-choice diet group with ad libitum 

choice among: chow food, water, a bottle of 30% sugar water and a dish with lard. After one week of 

habituation to the diet, each rat received an infusion of either Saline or CNQX (a glutamatergic receptor 

antagonist) during either the light or dark period and food intake was measured 1h after infusion. Results: 

When infused with saline, the chow-fed group ate more during the dark than during the light period, 

however, when infused with CNQX, this day-night difference was blunted. Interestingly, in the group fed 

with the palatable free-choice diet, the same effect was observed only for sugar intake but not for the 

amount of fat or chow eaten. Our results suggest that normal and palatable food intake can be modulated 

in a time dependent manner by the glutamatergic system in the LHb. 

 

  



210 
 

P.132 

Self-service, online analysis of rhythmic data in BioDare2, a community resource 
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The standalone software that is used to analyse most biological rhythm data is losing potential value for 

chronobiologists. Different parts of the community have settled on different software packages, including 

our legacy BRASS for luciferase reporter data. None of these solutions handle storage or óOpenô sharing 

of data and analysis results, though this is increasingly required by the growth in data volume and data 

diversity, the scale of multi-site, collaborative projects, and funder mandates for Open Research. BioDare 

(Biological Data repository; www.biodare.ed.ac.uk) was established in 2008 to address those needs using 

an online resource. BioDare hosts substantial private data sets and a minority of public rhythm data, 

mostly from Arabidopsis, some from Neurospora. We now introduce BioDare2 (www.biodare2.ed.ac.uk), 

with free access on a new web interface, to rhythm analysis by Lomb-Scargle or Enright periodograms, 

MESA, FFT-NLLS, mFourfit and Spectrum Resampling (compared in Zielinski et al. PLoSone, doi: 

10.1371/journal.pone.0096462). BioDare2 provides grouped statistics, plotting and long-term, online 

storage of data and analysis results: online registration is open. Our current focus is on reporter gene, 

activity, and other long-term assays. Rhythm analysis of óomics data, other analysis methods, and the 

return of data sharing are planned: contact us to discuss further needs. BioDare/BioDare2 show that a 

resource for everyday data analysis can grow to provide a valuable community resource, in the ólong tailô 

of chronobiology data. 

BioDare2 development was funded by the EU FP7 Collaborative Project TiMet (award 245143) and the 

UK Centre for Mammalian Synthetic Biology (award BB/M018040/1). 
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The periods of bmal1 rhythms in human mature adipocytes are age dependent 
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Objective: Circadian organization changes with age. An unresolved issue is to what extent age-related 

changes in circadian behavior are the result of effects on the central suprachiasmatic nucleus pacemaker, 

on peripheral oscillators, or on the mechanisms providing synchronization among contributing oscillators. 

By using a bioluminescent reporter, our aim was to determine the effects of aging on the rhythm of 

expression of BMAL1 in adipose tissue peripheral clock, both in subcutaneous (SAT) and visceral (VAT) 

adipose tissue.  

Methods: SAT and VAT biopsies were obtained from obese subjects during bypass surgery (n=16; BMI: 

44.8±11.4 kg/m2; age: 44±9 y [range: 30-58]). Cells were transfected with a lentiviral construct 

(Bmal1:luc) (1) and bioluminescence was measured every 22 minutes over a period of 3 days. The 

conditions of the culture did not change across the three days of experiment for osmolarity (mean±SD) 

(Initial:337±3 mmol/kg, Final:358±4 mmol/kg) and pH (Initial:7.1±0.24, Final:7.5±0.41).  

 

Results: Human adipose-cells showed a robust rhythm for BMAL1. More importantly, circadian 

rhythmicity in human adipose-tissue was affected by aging. The period in mature adipocytes was 21.32 h 

and the acrophase was at 10:21h with no significant differences with preadipocytes (P>0.05). However, 

amplitude was significantly lower in mature adipocytes (66.04 AU) than in preadipocytes (95.17 AU; 

P=0.01). We also found a significant correlation between the age and the period of subcutaneous mature-

adipocytes towards a shorter period among older than younger subjects (Beta= 4 min/year; P <0.05). 

 

Conclusion: We have demonstrated the utility of a bioluminescence reporter by viral transduction to 

measure circadian-rhythms in human adipose cells. Aging seems to affect rhythms in the peripheral clock 

of human´s adipose tissue. The importance of these results is based to the fact that they were obtained in 

vitro, without the influence of the suprachiasmatic nucleus, which demonstrates that age is affecting 

circadian organization by changes in the peripheral clocks. 

 

1. Brown, S.A., et al., The period length of fibroblast circadian gene expression varies widely among 

human individuals. PLoS Biol, 2005. 3(10): p. e338 
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Application of the Mathematical Model for Autocrine Regulation 

with  Diffusive Signalling Agent to GnRH Neurons Synchronization 
 

Marina Chugunova, Master of Science Student 
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Gonadotropin-releasing hormone (GnRH) is synthesized and released from the GnRH neurons located in 

hypothalamus. The rhythmical pulses of GnRH are necessary for the correct reproductive function in 

mammals.  

Based on experimental data, the autocrine regulation mechanism of the GnRH oscillations is widely 

accepted. According to this mechanism, GnRH acts both as a regulator of the intracellular oscillations in a 

single GnRH neuron and as a signalling molecule that synchronizes the oscillation of the GnRH neurons 

spread out in hypothalamus.  

The mathematical model for such synchronization was based on the assumption of the well-stirred 

extracellular space with the averaged concentration of the signalling particles. Recently, the mathematical 

model for the autocrine mechanism was introduced with the included diffusion and degradation processes 

for the signalling chemical in the extracellular space.  

In this poster, the latter model is tested against the specific parameters of the GnRH synchronization. The 

correlation with the experimental data proves the diffusive distribution of the signalling molecule 

concentration to be one more resource for the intercellular synchronization of the neuron oscillation. 
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Diurnal changes in ingestive behavior: Monitoring food "Micro-Intake" events in mice 

provides essential information 

Andreas Mölich(1) & John Lighton(2) 
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Measurement of food intake by small experimental animals like mice or rats is typically performed 

gravimetrically. The mass of a food hopper is monitored, and the abrupt increase in the variance of the 

hopper mass that signals an intake event is detected. The decrease in hopper mass following the re-

establishment of mass stability equals the mass of food removed. 

However, the low mass resolution of most intake monitoring systems (usually 10-20 mg) dictates the 

smallest intake event that can be detected. Using a high resolution food intake monitoring system with a 

detection limit of 2 mg (Sable Systems Promethion) we show that many intake bouts occur below the 

detection threshold of conventional food intake monitoring and metabolic phenotyping systems. 

The food uptake of 8 male C57BL/6 mice kept at a diurnal cycle 12h/12h was measured at 6 different 

temperatures ranging from 19 ï 29 ÁC. ñMicro-intakeò events (here defined as a single event with a food 

intake between 2 and 20 mg) typically lasted for < 2.5 min, with some lasting < 1 min. Micro-intake 

events comprise 20-50% of total intake events. 

Within the light-cycle about 70% of all intake events occurred during the night-phase. However, the 

proportion of micro-intake events to total intake events was higher during the day-phase then during the 

night-phase. This uptake pattern was shown by each individual mouse and did not change with 

temperature or, thus, with metabolic flux rates. 

Although the contribution of ñmicro-intakeò events to total food intake amounts is relatively minor, each 

corresponds to a decision to initiate intake followed by rapid satiety and termination of feeding behavior. 

Micro-intake events cannot be ignored if a complete understanding of model animal feeding behavior is 

desired. 
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MicroRNA regulation of photoperiodic timing in Drosophila  
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To endure winter, Drosophila melanogaster females enter a state of reproductive arrest (diapause) that 

permit relocation of resources from reproduction to survival. Diapause is induced by decreasing 

temperature and short photoperiods. The molecular basis for this photoperiodic timing is largely unknown. 

Here, we have sought to determine how the transcriptional landscape changes, following photoperiod 

shortening.  Using microarrays, we have identified 517 genes showing differentially expression in heads of 

females maintained in different day-length. Over-represented gene ontologies in this list included 

oxidoreductase, alternative splicing, fatty acid and Acyl-CoA metabolism. Hsp70 genes were at the top of 

the photoperiodic list. The circadian-clock genes vrille (vri) and shaggy (sgg) were also differentially 

expressed and may be candidates for a link between the circadian and the photoperiodic clocks. In addition, 

we identified seven miRNA (dme-mir-2b, dme-mir-11, dme-mir-34, dme-mir-274, dme-mir-184, dme-mir-

184*, dme-mir-285) that are differentially expressed in different photoperiods. We show that miss-

expression of dme-mir-2b, dme-mir-184 and dme-mir-274 in a subset of clock neurons in the brain (PDF 

positive), largely disrupt normal photoperiodic response. Our results expand on existing data in other 

Drosophila species, identifying a number of genes and pathways that are differentially regulated in different 

photoperiods and diapause status. To our knowledge this is a first demonstration of a functional role of 

miRNA in insect photoperiodism.  
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NIGHT SHIFT WORK IS A RISK FACTOR IN INCREASED ALLOSTATIC LOAD AND 

WORK -ASSOCIATED ARTERIAL HYPERTENSION  
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Shift work is associated with the risk factors of cardiovascular diseases. The increase of blood pressure 

(BP), which has diurnal rhythmicity and reflects allostatic load (AL), can be the main risk factor. The aim 

of the study was to assess the connection between night shift work, allostatic load, and arterial hypertension 

(AH) in railroad workers. 

Methods. The study included 131 railroad workers. The work schedule; chronotype; sleep and motor 

activity were assessed; and clinical examination was performed. The AL index was calculated from 11 

biomarkers (body mass index, BP, hemoglobin, blood glucose, cholesterol etc.) The dependence of AH on 

the profession was evaluated based on odds ratio (OR), relative risk (RR), and etiological fraction (EF). 

Results. 65.95% of the participants had a direct shift sequence (day ð night); 12.1% had a reversed 

sequence; and 21.95% the sequence was not defined. 43.1% of workers were ólarksô, 55.6% ð ópigeonsô, 

and 1.3% ð óowlsô. Changes in sleep efficiency before and after work shift were found. In 3.8% 

participants, AL index was 0; in 29.8%, it corresponded with low, in 35.1% with moderate, and in 31.3% 

with high AL. The biggest contribution to ALI was from systolic and diastolic BP, cholesterol, and 

hemoglobin. Statistics confirmed the dependence of AL on occupation; the link between AL and night 

shifts; and the dependence of AH on occupation in night shift workers (OR=2.95, 95%CI: 1.38-6.33, RR 

=1.91, 95% CI: 1.21-3.01, EF = 47.63%).  

Conclusion: Night shift work is reliably associated with the increase of AL. It can be connected with some 

features of the chronotype of workers, and with sleep disturbances. Systolic and diastolic BP have the 

highest contribution to AL index. In presence of allostatic overload AH can be considered a work-related 

disease in night shift workers. 

 

 

  



216 
 

P.138 

Mitochondrial ligases involved in development of Parkinsonôs disease disturb the circadian 

clock in Drosophila melanogaster 
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Parkinsonôs disease (PD) is one of most common neurodegenerative diseases characterized by motor and 

non-motor symptoms. One of them is sleep disturbance, which is present in 60% of patients. Because 

sleep is under control of the circadian clock, we hypothesized that the clock could be disrupted in PD. To 

test this hypothesis, we used two Drosophila models of PD: MUL1 and park mutants. MUL1 and PARK 

proteins encode mitochondrial E3 ligases involved in mitophagy. We found that flies with MUL1 or park 

mutation have different patterns of cycling expression of clock genes: per, tim and clock and 

accumulation of PER in light/dark conditions (LD12:12). We also observed that a period of the circadian 

rhythm of locomotor activity is lengthen in both mutants. Moreover in MUL1 mutants the circadian 

rhythm in changes of BRUCHPILOT (BRP) level, a presynaptic protein important for neurotransmission, 

is changed. Our results indicate that disturbances in MUL1 and PARK dependent mitophagy cause 

disorders in the circadian clock functioning, which in turn, most likely affect sleep in Parkinsonôs disease. 
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The circadian clock is an evolutionary conserved intrinsic timing mechanism that governs most 

physiological and metabolic processes across species. Disruption of circadian rhythms in rodent and 

humans has been associated as a major risk factor for several age-related diseases characterised by an altered 

redox control. We have previously published that a transcriptional clock mechanism in the mammalian lung 

tissues regulates cellular antioxidant defence system and the responses to external oxidative injury. Given 

the physiological role for reactive oxygen species in the daily function of skeletal muscle, here we 

investigated the hypothesis that NRF2, a master regulator of antioxidant defence, regulates the skeletal 

muscle clock function and redox homeostasis. Using genetic, pharmacological and real-time imaging 

approaches, we identified a feedback mechanism between the molecular clock machinery and the NRF2-

mediated antioxidant pathway. Pharmacological manipulation of NRF2 exerted robust effects on both the 

amplitude and phase of circadian clock oscillations. Moreover, single muscle fibre analyses demonstrated 

cell-autonomous changes in the core clock gene expression in fibres isolated from Nrf2 KO mice. 

Interestingly, similar effects on clock gene expression were evident in muscle fibres isolated from old wild-

type mice. Loss of Nrf2 or ageing led to altered muscle clock gene cycles but activated de novo rhythmic 

transcriptional cycles of genes involved in inflammation and stress resistance. All together, these findings 

implicate NRF2 as a novel  therapeutic target which may be utilised to reset disrupted circadian rhythms 

seen in several age-related diseases associated with skeletal muscle wasting including COPD and 

sarcopenia.  
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Lines of evidence points to stress as being a key environmental factor for developing a 

depression, but underlying pathology is still elusive.  

It is frequently reported that disturbances of the circadian rhythm are observed in individuals suffering 

from depression. In contrast, the circadian rhythm of stress resilience is rarely investigated.  

This study focuses on core components of the circadian system using a subgroup of stress-

resilient rats from the chronic mild stress (CMS) model of depression to gain insight into the etiology of 

depression. 

After 3.5 weeks of CMS, groups of 8 stress-resilient rats and groups of 8 naïve control rats were 

decapitated at 3 different time points/zeitgeber time (ZT) (ZT2, ZT6, and ZT18, respectively). Prior to 

decapitation, the resilient phenotype was furthermore characterized by two behavioral tests, the open field 

(OF) test and the spontaneous alternation behavior (SAB) test. The levels of plasma melatonin and 

corticosterone were measured using immunoassays. Expression of core clock genes (Per1, Per2, and 

Bmal1) in liver and in brain tissue was quantified using quantitative real-time polymerase chain reaction 

(real-time qPCR) and in situ hybridization histochemistry, respectively.  

No significant differences were shown between groups neither in hormone levels nor in behavioral 

parameters scored in the OF test and in the SAB test. However, Per2 clock gene expression was affected 

by CMS, both in liver and in nucleus accumbens. Interestingly, Per2 alterations in resilient rats, in nucleus 

accumbens, associate with increased reward consumption. 
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Retinal photoreceptors undergo daily renewal of distal outer segment (POS) discs and their phagocytosis 

by a monolayer of retinal pigmental epithelial (RPE) cells. This process removes toxic metabolites and 

ensures proper functioning of photoreceptors which is essential for normal vision. POS phagocytosis is a 

cyclic process that takes place in rods and cones as a daily peak, occurring about one hour after light onset. 

Removal of shed POS is critical for maintaining photoreceptor viability as demonstrated in numerous retinal 

pathologies caused by defects in RPE phagocytosis. Surprisingly, little is known about the molecular 

machinery that drives this process. The daily rhythm of POS shedding and RPE phagocytosis is driven, in 

part, by circadian clocks, i.e. molecular pacemakers comprised of transcriptional-translational feedback 

loops with a period of roughly 24h. 

The development of an in vitro model of phagocytosis with circadian characteristics is an important step 

for investigating the link between circadian clock output and phagocytosis. In this study, we used a serum-

shock procedure to synchronize ARPE-19 cells grown as ódissociatedô cell cultures and as monolayers on 

matrigelcoated surfaces. Two-way ANOVA showed differences in expression across time for all analyzed 

circadian and phag ocytosis genes (Clock p<0,05; Per2, Cry2 p<0,01 ; Per1, Cry1, Rev-Erb , Bmal-1, 

Itgb5, Mfge8, Ptk2, Gas6 and Pros1 p<0,0001) in ódissociatedô cell cultures. Further, time affected the 

expression of Per2, Cry2 (p<0,05), Per1, Cry1, Bmal1, Itgb5, Ptk2 (p<0,01), Gas6 (p<0,001) and Mfge8 

(p<0,0001) in the ARPE-19 monolayers. The synchronized ARPE-19 monolayer will be challenged with 

bovine POS at different time-points to model the circadian rhythm in phagocytosis. In summary, this 

cellular model represents a novel tool for dissecting the molecular machinery driving POS phagocytosis. 

 

 


