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Daily rotation of the Earth on its axis and yearly revolution around
the Sun impose periodicity on most organisms. Molecular circadian
clocks might have evolved to synchronize internal metabolic rhythms
to predictable environmental cycles, in order to most advantageously
time functions such as feeding, mating, and general patterns of activity
(Tevy et al., 2013). Moreover, a growing body of evidence suggests re-
ciprocal links between nutrient sensing pathway and circadian clocks
(Tevy et al., 2013). In mammals, a process integrated by the circadian
clock network in mammals is glucose homeostasis (Tevy et al., 2013;
Mazzoccoli et al., 2012). The hormones cortisol and melatonin convey
the rhythmic output of the suprachiasmatic nucleus (SCN) to peripheral
oscillators and modulate glucose homeostasis (Tevy et al., 2013;
Mazzoccoli et al., 2012). Circadian rhythmicity of cortisol secretion is
implicated in nycthemeral changes of insulin sensitivity (Tevy et al.,
2013; Mazzoccoli et al., 2012). Melatonin modulates glucose-
stimulated insulin secretion (Tevy et al., 2013; Mazzoccoli et al.,
2012). Additionally, peripheral clocks, such as the liver clock, are di-
rectly entrained by food and other stimuli, independently of the SCN
(Wehrens et al., 2017). Pancreatic insulin production is clearly required
in this process. In type 2 diabetes, hitting adults, the body stops
responding properly to its own insulin. Type 1 diabetes, characterized
by pancreatic islet damage, usually appears earlier, with the dramatic
effect of nearly vanished insulin production. Administration of insulin
to streptozotocin (STZ)-treated rodents - lacking insulin, a classical an-
imal model of type 1 diabetes - has been shown to restore oscillation of
circadian clock genes in rats (Hofmann et al., 2013). Moreover, the liver
clock of STZ-treated mice can also be entrained by scheduled feeding
(Oishi et al., 2004). Then, how the hepatic peripheral clock of type I di-
abetic patients can be entrained by food ingestion, in absence of insulin
production? A new study by Ikeda et al., published on EBioMedicine
(Ikeda et al., 2018), attempts to answer to this important medical ques-
tion. The authors demonstrate, with the help of PER2::LUC biolumines-
cence, that a protein-only diet and/or cysteine – only among the 20
amino acids - administration, which does not increase insulin levels,
elicits entrainment of the liver clock via glucagon secretion and/or
DOI of original article: https://doi.org/10.1016/j.ebiom.2018.01.012.
⁎ Corresponding author at: International Clinical Research Center (FNUSA-ICRC),

St'Anne University Hospital, Brno, Czech Republic.
URL's:

E-mail address: manlio.vinciguerra@fnusa.cz, m.vinciguerra@ucl.ac.uk
(M. Vinciguerra).

https://doi.org/10.1016/j.ebiom.2018.01.020
2352-3964/© 2018 The Author(s). Published by Elsevier B.V. This is an open access article und
insulin-like growth factors (IGF-1) production (Ikeda et al., 2018).
Moreover, the liver circadian rhythm in STZ-treated mice was altered
in response to the intake of a protein-only diet: the latter regimen
caused a significant phase advance of the clock genes Per1, Per2, Rev-
Erbα, Bmal1, and Dbp, independently of insulin secretion (Ikeda et al.,
2018). Although significant rhythmicity was not reported, circadian
clock genes control serum glucagon and IGF-1 levels, as well as hepatic
IGF-1 production (Ikeda et al., 2018). These findings suggest for the first
time that glucagon and/or IGF-1 production are additional insulin-
independent key factors in food-induced entrainment.

Altogether, the data of Ikeda et al. indicate an additional hepatic en-
trainment that can be applied to chronotherapy by controlling protein-
only diet in peoples with diabetes and/or circadian rhythm disorders.
Therefore, in some clinical setting, the augmentation of IGF-1, but not
insulin, by a protein-rich diet might mediate a beneficial effect on en-
trainment of liver circadian rhythm. However, strong epidemiological
evidence indicate that, independently of age, high protein intake was
associated with higher IGF-1 levels and a 5-fold increase in diabetes
mortality (Levine et al., 2014). These association studies do not shed
light on the long-term mechanistic effects of protein-rich and/or low-
carbohydrate diets on diabetes. In this respect, Ikeda et al. propose
that the consumption of high-protein food limited to breakfast might
entrain peripheral circadian rhythm and prevents obesity (Ikeda et al.,
2018). This is consistent with clinical studies showing that in type 2 di-
abetic individuals, compared with a high-carbohydrate breakfast, the
consumption of a high-protein breakfast meal attenuates the postpran-
dial glucose response (Rabinovitz et al., 2014; Park et al., 2015). To our
knowledge, no consensus exists about dietary recommendations for di-
abetic patients, and a wide debate about the nutrient composition in a
balanced and healthy diet is still underway in the scientific community.
American Diabetes Association (ADA) and National Health Service UK
(NHS UK) currently recommend consumption of 50–55 g of proteins
per day for all individuals – healthy or diabetics - that accounts for
15–20% of average energy intake from proteins. In agreement with
Ikeda et al., both in vivo and epidemiological findings suggest the poten-
tial role of cysteine supplementation as a low-cost adjuvant therapy in
the management of diabetic patients, by controlling glycemic level,
lipid profile and oxidative stress (Prasenjit Manna, 2013). Further,
pilot randomized controlled clinical trials testing protein- or cysteine-
rich diets, and different meal timing/frequency, in individuals affected
by type 1 or 2 diabetes are warranted.
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2018.01.020&domain=pdf
https://doi.org/10.1016/j.ebiom.2018.01.020
https://doi.org/10.1016/j.ebiom.2018.01.012
mailto:m.vinciguerra@ucl.ac.uk
Journal logo
https://doi.org/10.1016/j.ebiom.2018.01.020
http://creativecommons.org/licenses/by-nc-nd/4.0/
Unlabelled image
http://www.sciencedirect.com/science/journal/23523964
www.ebiomedicine.com


10 A. Maugeri et al. / EBioMedicine 28 (2018) 9–10
Disclosure of Interest

The author declares no conflict of interest.

Acknowledgments

Our work is supported by the European Social Fund and European
Regional Development Fund—Project MAGNET (No. CZ.02.1.01/0.0/
0.0/15_003/0000492).

References

Hofmann, K., Schonerstedt, U., Muhlbauer, E., Wedekind, D., Peschke, E., 2013. Clock gene
expression in the liver of streptozotocin-induced and spontaneous type 1 diabetic
rats. Horm. Metab. Res. 45, 629–639.

Ikeda, Y., Kamagata,M., Hirao, M., et al., 2018. Glucagon and/or IGF-1 production regulates
resetting of the liver circadian clock in response to a protein or amino acid-only diet.
EBioMedicine http://www.ebiomedicine.com/article/S2352-3964(18)30015-X/
fulltext.

Levine, M.E., Suarez, J.A., Brandhorst, S., Balasubramanian, P., Cheng, C.W., Madia, F.,
Fontana, L., et al., 2014. Low protein intake is associated with a major reduction in
IGF-1, cancer, and overall mortality in the 65 and younger but not older population.
Cell Metab. 19, 407–417.

Mazzoccoli, G., Pazienza, V., Vinciguerra, M., 2012. Clock genes and clock-controlled genes
in the regulation of metabolic rhythms. Chronobiol. Int. 29, 227–251.

Oishi, K., Kasamatsu, M., Ishida, N., 2004. Gene-and tissue-specific alterations of circadian
clock gene expression in streptozotocin-induced diabetic mice under restricted feed-
ing. Biochem. Biophys. Res. Commun. 317, 330–334.

Park, Y.M., Heden, T.D., Liu, Y., Nyhoff, L.M., Thyfault, J.P., Leidy, H.J., Kanaley, J.A., 2015. A
high-protein breakfast induces greater insulin and glucose-dependent insulinotropic
peptide responses to a subsequent lunch meal in individuals with type 2 diabetes.
J. Nutr. 145, 452–458.

Prasenjit Manna, S.K.J., 2013. Beneficial role of L-cysteine and H2S rich fruits and vegeta-
bles in diabetic pathophysiology. In: tropical and subtropical fruits: flavors, color, and
health benefits. Am. Chem. Soc. 147–157.

Rabinovitz, H.R., Boaz, M., Ganz, T., Jakubowicz, D., Matas, Z., Madar, Z., Wainstein, J., 2014.
Big breakfast rich in protein and fat improves glycemic control in type 2 diabetics.
Obesity (Silver Spring) 22, E46–54.

Tevy, M.F., Giebultowicz, J., Pincus, Z., Mazzoccoli, G., Vinciguerra, M., 2013. Aging signal-
ing pathways and circadian clock-dependent metabolic derangements. Trends
Endocrinol. Metab. 24, 229–237.

Wehrens, S.M.T., Christou, S., Isherwood, C., Middleton, B., Gibbs, M.A., Archer, S.N., Skene,
D.J., et al., 2017. Meal timing regulates the human circadian system. Curr. Biol. 27,
1768–1775 (e1763).

http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0005
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0005
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0005
http://www.ebiomedicine.com/article/S2352-3964(18)30015-X/fulltext
http://www.ebiomedicine.com/article/S2352-3964(18)30015-X/fulltext
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0015
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0015
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0015
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0020
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0020
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0025
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0025
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0025
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0030
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0030
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0030
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0030
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0035
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0040
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0040
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0045
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0045
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0045
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0050
http://refhub.elsevier.com/S2352-3964(18)30024-0/rf0050

	Protein-�Rich or Amino-�Acid Only Diets Entrain the Liver Clock: Time to Scrap Insulin?
	Disclosure of Interest
	Acknowledgments
	References


