npj | biological timing and sleep

Brief communication

https://doi.org/10.1038/s44323-025-00048-y

Light does not phase shift the circadian
clock of subcutaneous adipose tissue

in vitro
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The retinal photopigment melanopsin is also expressed in subcutaneous white adipose tissue
(scWAT). Through melanopsin, light can modulate scWAT metabolism, but its impact on circadian
phase is unclear. In vitro exposure of murine scWAT to bright light at different times over 24 h did not
elicit phase shifts, unlike the response to corticosterone. This finding suggests that the direct impact of
bright light on scWAT metabolism occurs in a circadian-independent manner.

Besides enabling visual perception, ocular light exposure affects various
aspects of human physiology and behavior, such as circadian rhythms, sleep,
neuroendocrine activity, mood, and cognitive function'”. Light aligns
mammalian circadian rhythms with the external environment by adjusting
signals predominantly from intrinsically photosensitive retinal ganglion
cells (ipRGCs) that reach the central circadian pacemaker, the suprachias-
matic nucleus (SCN) in the hypothalamus®. These ipRGCs contain a light-
sensing photopigment called melanopsin, which is maximally sensitive to
the blue color spectrum of light (e.g, =480nm)*. Circadian photo-
entrainment is thought to occur in a hierarchical manner, with photic input
to the retina exclusively entraining the SCN, which subsequently synchro-
nizes peripheral tissue clocks via endocrine mechanisms. Intriguingly, even
blind humans can show circadian photoentrainment of the SCN'"’ as long as
ipRGCs are intact, since extraocular phototransduction was not found to
phase shift enucleated mammals, as shown in hamsters''. Nonetheless,
extraocular photoentrainment of the SCN has been proposed to occur in
humans' but could not be replicated since'*™"".

However, the gene Opn4 encoding melanopsin is also expressed in
other mammalian tissues, where it may not necessarily serve circadian
entrainment functions. For example, blue light has been found to induce
subcutaneous vasorelaxation through activation of melanopsin located in
blood vessels'. Interestingly, Opn4 is also highly expressed in human sub-
cutaneous white adipose tissue (scWAT), but not visceral WAT". Using
mouse retina as a positive control, Ondrusova et al. observed the presence of
Opn4 mRNA in human scWAT and murine differentiated adipocytes,
identifying a light-sensitive signaling pathway mediated via a melanopsin/
TRPC channel axis'. Testing the physiological relevance of this pathway,
they showed that exposing differentiated adipocytes to blue light for 4-h
daily over a period of 13 days led to a reduction in lipid droplet size, an

increase in basal lipolysis, and changes in adiponectin and leptin secretion”.
Ondrusova et al. further speculated that proper sunlight exposure to sSSWAT
may function as a peripheral circadian sensor, supporting overall metabolic
health. While more studies have identified other roles of opsins (e.g., opsin3)
in adipocyte metabolism'®"”, the possibility that blue light may exert
metabolic effects in sc(WATs by inducing circadian phase shifts of the adi-
pocyte molecular clock has, to the best of our knowledge, not yet been
thoroughly investigated.

Therefore, in the present study, we investigated whether bright light
exposure can reset the circadian phase of murine scWAT in vitro. Initially,
we monitored the circadian phase of both subcutaneous fat explants and
fibroblasts from PER2:LUC mice by measuring PER2:LUCIFERASE
expression via bioluminescence. Fibroblasts were used as a negative control,
as it has been demonstrated previously that fibroblasts do not respond to
light™. Fat explants and fibroblasts were both treated with the natural rodent
glucocorticoid (e.g., corticosterone; CORT), as a positive control, as CORT
is known to potently reset the phase of cells’ ™, or treated with a 4-hour
continuous bright light stimulus. The light source emitted a broad wave-
length spectrum (Fig. 1A), with a peak emission at 450 nm, an intensity of
1800 photopic lux, and a correlated color temperature (CCT) of 5000 K
(relative spectral power distribution in Fig. 1B). Concurrently, a vehicle
(DMSO) as well as an untreated condition served as negative controls. The
untreated, DMSO and CORT-treated tissues/fibroblasts were not exposed
to bright light after the onset of bioluminescence acquisition, and treatments
were conducted under minimal light.

The detrended bioluminescence traces of adipose tissue explant
and fibroblasts from PER2::LUC mice following treatment, as well as the
resulting quantification of phase shifts, are shown in Fig. 1. As expected,
CORT consistently reset the circadian phase of both scWAT
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Fig. 1 | Comparative phase-shift responses of adipose tissue and fibroblasts to
bright light exposure and corticosterone. A Incubation set-up of the cell cultures on
top of the white light box. B The relative spectral power distribution of the white light
box was constantly set to a correlated color temperature of 5000 K. C Detrended bio-
luminescence trace of adipose tissue explant from PER2:LUC mice treated with either
vehicle (DMSO), 100 nM corticosterone (CORT) or 4-h incubation on a white light box
(LIGHT), measured in relative luminescence units (RLU), n > 4 biological replicates
(dishes of tissue from 5 mice), mean + SEM. UT= untreated. D Data from A, used
during quantitative phase analysis in (G). Detrended bioluminescence trace of

PER2:LUC mouse fibroblasts treated with either DMSO, CORT, or LIGHT measured
in RLU, n = 4 biological replicates (dishes of fibroblasts), mean + SEM. F Data from
C, used during quantitative phase analysis in (E). G Quantification of treatment-
induced change (A) in phase (h) from (B) and (D), n = 4, mean + SEM, one-way
ANOVA (OWA), Holm-Sidak’s MCT, ****= p < 0.0001, *** = p = 0.001, ns =
p>0.05. H, I Circular plots depicting quantification of treatment-induced change in
phase (h) from (D) and (F), respectively. black = untreated, blue = DMSO, red = CORT,
purple = LIGHT. Hours are plotted around the circle axis, the mean of each condition is
depicted by colored lines, and SEM is the length of the colored bar around the circle.

(16.2+2.8h vs. 7.9+4.4h, p=0.0109, Fig. 1G, H) and fibroblasts
(mean + SEM;14.3+2.5hvs. 1.3 £ 0.9, p <0.0001, Fig. 1G, I) compared
to the vehicle (DMSO) condition. However, white light exposure did
not induce any significant phase shifts, for both sc(WAT (1.5+0.8 h,
Fig. 1G, H) and fibroblasts (3.8 +5.8 h, Fig. 1G, I) compared to the
vehicle (DMSO) condition. Following CORT, the circadian phase of
both scWAT (p < 0.0001, Fig. 1G, H) and fibroblasts (p = 0.001, Fig. 1G,
I) significantly differed from the respective white light treatment
condition.

However, the most accurate way to quantify the phase dependence of
light-induced phase shifts is through the construction of a phase response
curve (PRC), which systematically evaluates the response to a defined light
stimulus across the full circadian cycle’. The precise shape and timing of the
resulting PRC vyield detailed insights into the relationship between the
magnitude of the phase shift and the circadian phase at which the stimulus
occurs. As the 4-h bright light stimulus of the first experiments was applied
only at a single time point (e.g., 31 h after the last media change), we next
performed a more comprehensive set of experiments around the clock.
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Fig. 2 | Phase-response curve of adipose tissue to bright light exposure.

A Detrended bioluminescence trace of adipose explant from PER2:LUC mice fol-
lowing either 4-h incubation on a white light box (LIGHT) at25h,31 h,37hor43h
after the last 5% serum-media change or 4 h incubation in the dark (DARK), n <4
biological replicates (dishes of tissue from 8 mice). The data shown were used in the

change of phase quantification. Adipose explants were cultured in 1 uM all-trans-
retinal. B Quantification of treatment-induced change (A) in phase (h) from (A),
n =4, mean + SEM, one-way ANOVA, ns = 0.933. blue = DARK, dark purple = T25
LIGHT, purple = T31 LIGHT, magenta = T37 LIGHT, pink = T43 LIGHT. C Phase-
response curve derived from light conditions in (B), mean + SEM.

Accordingly, the 4-h bright light stimulus was applied at 25, 31,37,and 43 h
after the last media change. An additional control condition of incubation in
darkness was also conducted. In these PRC-yielding experiments, we also
added 1 pM all-trans-retinal to each scWAT explant culture, as supple-
menting retinaldehyde was found to be required to elicit a light response in
adipocytes', and its absence in the initial experiments could have also
explained the absence of a light-induced phase shift. The detrended biolu-
minescence traces of adipose tissue explant from PER2:LUC mice following
white light treatment at different phases of the circadian cycle as well as the
resulting quantification of phase shifts are shown in Fig. 2. As expected, the
4-hour bright light stimulus did not induce a shift in the circadian phase at
any time from 25 to 43 h after the last media change, similarly to 4-h
darkness (one-way ANOVA treatment effect: p = 0.933, Fig. 2B). With no
significant phase shifts, bright light hence yielded a flat PRC (Fig. 2C).

In the present study, we found no effect of light exposure on the
circadian clock in murine scWAT. This lack of response may not be sur-
prising given that nocturnal mice experience limited evolutionary pressure
for SSWAT clock entrainment due to their nighttime activity, light-
impermeable fur, and the protected localization of their scWAT depots.
Despite this, opsins in murine sSc(WAT remain light-sensitive and can
influence adipocyte metabolism'’"". Importantly, similar independence
from the circadian clock has been observed in other tissues where direct
activation of opsins influences physiological processes, such as in the
hypothalamus, blood vessels, and skin™, For example, blue light-mediated
photorelaxation of smooth muscle in various organs leads to vasodilation
and thereby reduced blood pressure'®”. It is possible that these light-
responsive signaling pathways still function in synergy with circadian
mechanisms, where the effects of opsin activation might vary with the time
of day, thus supporting metabolic homeostasis. In this context, we recognize
that the impact of feeding and endocrine signaling is very likely to play a
greater role in sSc(WAT metabolism than light. Yet, the potential interplay in
vivo between light exposure, feeding, and hormonal regulation warrants
further investigation. Future studies should explore the differential meta-
bolic impact of diurnal versus nocturnal opsin activation in rodent and
human scWAT in conjunction with time-of-day-associated changes in
feeding and endocrine signaling. Disruptions to these pathways-such as
those from artificial light exposure at night or shift work-could contribute to
the development of metabolic disorders.

While our results indicate that the adipose tissue clock does not entrain
to light stimulation in vitro, other tissues have been reported to exhibit local
circadian photoentrainment. For example, in Opn4~'~ mice, which are
unable to behaviorally entrain to light-dark cycles, the skin-clock gene
expression phase remains synchronized to the light-dark cycle, whereas

other peripheral clocks remain free-running’®. Neuropsin (OPN5) has been
shown to mediate local, light-dependent effects on circadian clock genes,
supporting photoentrainment in murine outer ear skin exposed to light™.
Additionally, OPNS5 is required for light-driven entrainment of circadian
rhythms in the retina and cornea ex vivo, independently of the SCN”.

In summary, the absence of a phase shift in response to bright white
light exposure in sc(WAT in the present study suggests that light modulates
adipocyte metabolism independently of any action on its circadian phase.
However, it remains unknown to what extent human scWAT might be
stimulated through the skin in vivo by naturally occurring light intensities
and how this could influence scWAT metabolism. Such clinical studies are
particularly relevant given the current “indoor lifestyle” in Western societies,
in which people spend 80-90% of their time indoors™* ™. Indoor environ-
ments generally provide constant artificial lighting, which results in
inadequate light exposure during the day and excessive exposure in the
evening compared to natural outdoor conditions” . Furthermore, the
widespread use of clothing limits light exposure to most skin areas, thereby
restricting daylight’s ability to reach scWAT. Due to the lack of daylight
through the skin, daily metabolic regulation of scWAT could be impaired.

Methods

Animals

PER2:LUC mice (originally supplied by Joe Takahashi, University of Texas
Southwestern) were housed in a specified pathogen-free barrier facility. For
husbandry and non-experimental housing, mice were group-housed with
environmental enrichment under 12 h:12 h light:dark cycles. All animal
experiments were licensed under the 1986 Home Office Animal Procedures
Act (UK) and carried out in accordance with local animal welfare committee
guidelines.

Adipose explant bioluminescence assay

Five male (for the initial experiments) and eight male or female (for the PRC
experiments) PER2:LUC mice were euthanised by cervical dislocation and
confirmed by exsanguination (conducted consistently at 09:00AM). Sub-
cutaneous white adipose tissue was dissected from mice and kept on ice in
1x Hank’s Buffered Salt Solution (HBSS) (Gibco, 14025092) until plating at
10:00AM. Adipose tissue was cut into 1-3 mm pieces on ice in 1x HBSS and
placed onto Millicell culture membranes (Millipore, #PICMORG50) within
35mm dishes. 1.2 mL of LumiCycle recording media, DMEM (Gibco,
31053), 1x Glutamax (Gibco, 35050061), 20 mM MOPS (Sigma-Aldrich,
M1442) 1 mM sodium pyruvate (Gibco, 11360070), 5% Hyclone III serum
(SH30109.03), 100 units/mL and 100 pg/mL penicillin/streptomycin, 1 mM
p-Luciferin potassium salt (Biosynth, #L-8220), 350 mOsm, pH 7.6, was
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added to dishes. Dishes were vacuum-sealed with silicone grease (CHT
Silicones, SG-M494), 40 mm round coverslips (VWR, 631-0177), and
transferred to a LumiCycle (ActiMetrics). Following a pre-recording period
of at least 24-h, dishes were transported in a dark box to an incubator
containing a white light box. Light-treated dishes were incubated on the
white light box, illuminated with 6 Luxeon 3020 LED lights for 4-h. Light
intensity (approximately 1800 photopic lux) was assessed using a digital lux
meter (TENMA, TEN01070) held 0.25 cm above the white light box, at the
approximate distance the cell cultures were placed from the light source. In
this context, the maximal white light-induced inward current in cultured
mouse adipocytes was previously shown to occur at ~450-480 nm blue
light”. ‘Dark’, vehicle (DMSO), and corticosterone (CORT)-treated groups
were incubated for 4-h in a dark box.

Following light or dark incubation, dishes were immediately trans-
ferred back into the LumiCycle, continuing with bioluminescence recording
for a further 5 days. In the initial experiments, dishes were incubated with
light approximately 2-h after the peak of PER2:LUC oscillation, and 31-h
after the last media change. Prior to dark incubation, dishes were treated
with 100 nM CORT or DMSO. In the PRC-yielding experiments, either 25,
31, 37, or 43-h after the last media change, dishes were incubated in light or
dark for 4-h without any pharmacological or solvent intervention.

Data acquisition and analysis

Bioluminescence intensity was recorded every 6 min with one of four
photomultiplier tubes (PMTs) as counts per second (CPS), denoted relative
luminescence units (RLU). Raw data from the LumiCycle bioluminescence
recording was exported into Microsoft Excel from ActiMetrics software.
The first 24-h after perturbation to cells was excluded from analysis to
account for the transient effects of drug treatments on the clock gene-based
bioluminescence reporter. To quantify circadian phase, data were detrended
using a 24-h moving average in Excel and analyzed in GraphPad Prism
v10.1. Detrended traces were fitted to a damped cosine wave using the

following equation:
2mx — r)
p

Where y is the signal, x the corresponding time, a is amplitude i.e., the peak
height of the waveform above the trend line, k the decay constant (1/k is the
half-life), r the phase in radians and p the period. Period and phase are
objectively quantified as the time taken for a cycle to occur and the shift
relative to a cos wave, respectively. Area under the curve analysis was per-
formed on the fitted data to generate X values for each peak. Phase-shift in
hours, A phase (h) was calculated by subtracting the mean time of the first
peak 24-h after the final perturbation for the untreated or dark (DARK)
control condition from the first peak 24-h after the final perturbation for
each technical replicate of the experimental conditions. For statistical
analysis, a one-way ANOV A was conducted to evaluate the effects of various
in vitro conditions on circadian phase. Following the ANOVA,
Holm-Sidak’s post hoc multiple comparisons tests were performed to
identify specific pairwise differences between the conditions.

y = (mx +¢) + ae™™ cos(

Data availability
All data can be provided upon reasonable request to the corresponding
author.

Received: 26 January 2025; Accepted: 26 June 2025;
Published online: 04 September 2025

References
1. Cajochen, C. Alerting effects of light. Sleep. Med. Rev. 11, 453-464
(2007).

2. Paul, S. & Brown, T. Direct effects of the light environment on daily
neuroendocrine control. J. Endocrinol. 243, R1-R18 (2019).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Santhi, N. & Ball, D. M. Applications in sleep: How light affects sleep.
Prog. Brain Res. 253, 17-24 (2020).

Fisk, A. S. et al. Light and cognition: roles for circadian rhythms, sleep,
and arousal. Front. Neurol. 9, 56 (2018).

Khalsa, S. B. S., Jewett, M. E., Cajochen, C. & Czeisler, C. A. A phase
response curve to single bright light pulses in human subjects. J.
Physiol. 549, 945-952 (2003).

Berson, D. M., Dunn, F. A. & Takao, M. Phototransduction by retinal
ganglion cells that set the circadian clock. Science 295, 1070-1073
(2002).

Hattar, S., Liao, H. W., Takao, M., Berson, D. M. & Yau, K. W.
Melanopsin-containing retinal ganglion cells: architecture, projections,
and intrinsic photosensitivity. Science 295, 1065-1070 (2002).

Bailes, H. J. & Lucas, R. J. Human melanopsin forms a pigment
maximally sensitive to blue light A\max = 479 nm) supporting activation
of G(g/11) and G(i/o) signalling cascades. Proc. Biol. Sci. 280,
20122987 (2013).

Zaidi, F. H. et al. Short-wavelength light sensitivity of circadian,
pupillary, and visual awareness in humans lacking an outer retina.
Curr. Biol. 17, 2122-2128 (2007).

Czeisler, C. A. et al. Suppression of melatonin secretion in some blind
patients by exposure to bright light. N. Engl. J. Med. 332, 6-11 (1995).
Yamazaki, S., Goto, M. & Menaker, M. No evidence for extraocular
photoreceptors in the circadian system of the Syrian hamster. J. Biol.
Rhythms 14, 197-201 (1999).

Campbell, S. S. & Murphy, P. J. Extraocular circadian
phototransduction in humans. Science 279, 396-399 (1998).
Lockley, S. W. et al. Extraocular light exposure does not suppress
plasma melatonin in humans. J. Clin. Endocrinol. Metab. 83,
3369-3372 (1998).

Eastman, C. |., Martin, S. K. & Hebert, M. Failure of extraocular light to
facilitate circadian rhythm reentrainment in humans. Chronobiol. Int.
17, 807-826 (2000).

Wright, K. P. Jr & Czeisler, C. A. Absence of circadian phase resetting
in response to bright light behind the knees. Science 297, 571 (2002).
Sikka, G. et al. Melanopsin mediates light-dependent relaxation in
blood vessels. Proc. Natl Acad. Sci. USA 111, 17977-17982 (2014).
Ondrusova, K. et al. Subcutaneous white adipocytes express a light
sensitive signaling pathway mediated via a melanopsin/TRPC
channel axis. Sci. Rep. 7, 16332 (2017).

Nayak, G. et al. Adaptive thermogenesis in mice is enhanced by opsin
3-dependent adipocyte light sensing. Cell Rep. 30, 672-686.e8
(2020).

Tsuiji, T. et al. Light-responsive adipose-hypothalamus axis controls
metabolic regulation. Nat. Commun. 15, 6768 (2024).

Ukai, H. et al. Melanopsin-dependent photo-perturbation reveals
desynchronization underlying the singularity of mammalian circadian
clocks. Nat. Cell Biol. 9, 1327-1334 (2007).

Balsalobre, A. et al. Resetting of circadian time in peripheral tissues by
glucocorticoid signaling. Science 289, 2344-2347 (2000).
Yamamoto, T. et al. Acute physical stress elevates mouse period1
mRNA expression in mouse peripheral tissues via a glucocorticoid-
responsive element. J. Biol. Chem. 280, 42036-42043 (2005).
So,A.Y.-L.,Bernal, T. U., Pillsbury, M. L., Yamamoto, K. R. & Feldman,
B. J. Glucocorticoid regulation of the circadian clock modulates
glucose homeostasis. Proc. Natl Acad. Sci. USA 106, 17582-17587
(2009).

Rao, F. & Xue, T. Circadian-independent light regulation of
mammalian metabolism. Nat. Metab. 6, 1000-1007 (2024).

Yim, P. D. et al. Airway smooth muscle photorelaxation via opsin
receptor activation. Am. J. Physiol. Lung Cell. Mol. Physiol. 316,
L82-193 (2019).

. Buhr, E. D., Vemaraju, S., Diaz, N., Lang, R. A. & Van Gelder, R. N.

Neuropsin (OPN5) mediates local light-dependent induction of

npj Biological Timing and Sleep | (2025)2:32


www.nature.com/npjbioltimingsleep

https://doi.org/10.1038/s44323-025-00048-y

Brief communication

circadian clock genes and circadian photoentrainment in exposed
murine skin. Curr. Biol. 29, 3478-3487.e4 (2019).

27. Buhr, E. D. et al. Neuropsin (OPN5)-mediated photoentrainment of
local circadian oscillators in mammalian retina and cornea. Proc. Nat/
Acad. Sci. USA 112, 13093-13098 (2015).

28. Klepeis, N. E. et al. The National Human Activity Pattern Survey
(NHAPS): a resource for assessing exposure to environmental
pollutants. J. Expo. Anal. Environ. Epidemiol. 11, 231-252 (2001).

29. Matz, C. J. et al. Effects of age, season, gender and urban-rural status
on time-activity: CanadianHuman Activity Pattern Survey 2 (CHAPS
2). Int. J. Environ. Res. Public Health 11, 2108-2124 (2014).

30. Schweizer, C. et al. Indoor time-microenvironment-activity patternsin
seven regions of Europe. J. Expo. Sci. Environ. Epidemiol. 17,
170-181 (2007).

31. Didikoglu, A. et al. Associations between light exposure and
sleep timing and sleepiness while awake in a sample of UK
adults in everyday life. Proc. Natl. Acad. Sci. USA 120,
2301608120 (2023).

32. Stothard, E. R. et al. Circadian entrainment to the natural light-dark
cycle across seasons and the weekend. Curr. Biol. 27, 508-513
(2017).

33. Santhi, N. et al. The spectral composition of evening light and
individual differences in the suppression of melatonin and delay of
sleep in humans. J. Pineal Res. 53, 47-59 (2012).

Acknowledgements

This work was supported by the Medical Research Council, as part of United
Kingdom Research and Innovation (MC_UP_1201/4). Jan-Frieder Harmsen
is funded by the project "Profilbildung Built and Lived Environment" (PB22-
062). The project "Profilbildung Built and Lived Environment" is receiving
funding from the programme "Profilbildung 2022", aninitiative of the Ministry
of Culture and Science of the State of Northrhine Westphalia. The sole
responsibility for the content of this publication lies with the authors. We
thank John O’Neill for providing guidance in designing the experiment and
advising on the paper. We also thank the biomedical technical staff at the
Medical Research Council (MRC) Ares facility.

Author contributions

Conception or design of the work: J.F.H. and A.E. Acquisition, analysis, or
interpretation of data for the work: J.F.H., A.E., and C.B. Drafting the work or
revising it critically for important intellectual content: J.F.H. and A.E.

Competing interests

Author Jan-Frieder Harmsen is Guest Editor and Editorial Board Member at
npj Biological Timing and Sleep. Jan-Frieder Harmsen was not involved in
the journal’s review of, or decisions related to, this manuscript. The other
authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
Jan-Frieder Harmsen.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

npj Biological Timing and Sleep | (2025)2:32


http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/npjbioltimingsleep

	Light does not phase shift the circadian clock of subcutaneous adipose tissue in vitro
	Methods
	Animals
	Adipose explant bioluminescence assay
	Data acquisition and analysis

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




