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Introduction
Pain is a common consequence of skin healing that is caused 

by skin or nerve damage, infection and ischemia. Despite the fact 
that chronic wounds often require many years to heal, pain can be 
an understated symptom that is generally severe and persistent 
in wound healing. Indeed, pain management costs an estimated 
$635 Billion per year in the United States alone [1]. It is therefore 
imperative that we further examine the underlying causes of 
chronic wounds, and delayed wound healing, in an indirect attempt 
to reduce these overall costs of pain management. We propose that 
one way in which to address this is by taking a closer look at the 
impact that biological clocks have on skin healing. We appreciate 
that biological clocks play a vital role in mediating the function 
of organisms, tissues and cells. These cell autonomous circadian 
clocks are responsible for generating 24-hour day/night rhythms, 
governing cell division, DNA damage response, cell metabolism and 
tissue repair and regeneration. For example, in liver tissue, an organ 
with embyoinic regeneration (one of two, the other being tendon 
tissue), the expression of at least 10% of proteins is reported to be 
rhythmically regulated by clock genes. A functional clock ensures 
temporal segregation of different events to different parts of the 24-
hour day, maintaining tissue homeostasis and promoting effective 
repair. Disruptions to clock rhythms (e.g. during ageing) are linked 
to increased risks of various human diseases that are linked to 
skin healing and other painful conditions. Whilst it is clear that 
skin also possess these peripheral clocks, the role which they play 
in mediating susceptibility to damage, via Ultraviolet Radiation 
[UVR] exposure, for example, or the efficacy of augmented repair 
strategies, such as day or night creams, remains unknown. Despite 
some risk factors for chronic wounds, such as age and sex, remain 
fixed [2] the majority include modifiable factors (e.g., diet and 
exercise). However, what science has yet to reveal is the complex 
pathways in which these factors interact to cause a more or less 
favourable outcome for patients [3].

Some individuals are genetically susceptible to non-healing 
or therapy-resistant wounds due to individual differences in their  

 
immunity and healing rate [4,5]. Furthermore, gene variants have 
been identified as having a protective mechanism over healing rate 
in a handful of modest studies [6,7] of, for instance, venous leg ulcer 
patients carrying the Leu34 and Leu564 alleles on the FX111 gene. 
A review of heredity factors in non-healing wounds [8] confirmed 
the lack of replication and small scale nature of existing studies, but 
summarised a selection of variants as potential risk factors for a 
type of chronic leg ulceration on; HFE [2] FGFR2; [9] TNFFA; [10] 
F5; [11] F2; [12] F13A; [13] ESRB; [14] IIFE; [2] and MMPI2 [15] 
genes. Finally, an additional 15 susceptibility genes for non-healing 
wounds have been revealed [16] and amongst them, variants on 
the S100 gene has shown promise. These insights warrant further 
investigation as evidence for a mode of inheritance is scant (Fowkes, 
2001) and the pathogenesis of chronic wounds is still in its infancy 
[17]. Moreover, what is apparent is that the wound itself might not 
be directly heritable, but factors that influence experiences of pain 
[18], recovery and outcomes are.

We propose a novel approach would implicitly tackle the pain 
enigma that results from delayed skin healing and this would be 
to evaluate the extent that circadian clocks play on wound healing. 
This is an evolutionarily conserved system that allows life on earth 
to coordinate its physiology and behaviour to the day/night cycle. 
The core components of this molecular pacemaker responsible for 
driving the circadian rhythm in the mammalian central clock, the 
Supra-Chiasmatic Nuclei (SCN). This is identical in all peripheral 
clock tissues, including tissues of the musculoskeletal system [19]. 
Indeed, there is a large breadth of data that strongly suggest that 
disrupted circadian rhythms in peripheral tissues, as a result of 
sleep disorders, evening screen time, shift work and aging, can 
contribute to the development of painful conditions, including 
cancer and metabolic diseases [20]. Therefore, understanding 
how peripheral clocks are synchronized, and aligned, to the 
light–dark cycle is crucial for understanding the link between 
the circadian clock, health and painful diseases. The endogenous 
circadian rhythms of skeletal muscle [21], cartilage [22] tendon 
[23] and intervertebral disc [24] drive tissue-specific rhythmic 
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gene expression that regulates tissue homeostasis [25]. Research 
highlights how the tendon clock regulates the homeostasis of the 
collagen-rich extracellular matrix [26] The collagen fibrils in the 
extra cellular matrix enable the tendon to undergo repeated cycles 
of mechanical loading, and therefore, its maintenance has important 
consequences for biomechanics. It has previously been reported 
that arrhythmic mouse tendons with a mutation in clock or deletion 
of Bmal1 have premature aging phenotypes and aged wild-type 
tendons have a dampened circadian rhythm that is misaligned with 
the SCN [23]. Scheduled exercise can entrain the circadian rhythms 
of skeletal muscle and lung tissue clocks [27,28]. However, whether 
acute changes in the level of physical activity itself can explain clock 
gene changes, in humans, is yet to be divulged. 

Findings from a recent systematic review concluded that 
exercise is a zeitgeber for the human circadian system, where 
multiple studies have demonstrated phase shifts in hormone 
secretion and body temperature cycles [29], the effect of exercise on 
individual peripheral clock rhythms has yet to be fully investigated 
yet begs clarity. Exercise can induce glucocorticoid release and 
generate heat in musculoskeletal tissues [30] and these effects 
are able to entrain peripheral clocks [22,28] Glucocorticoids can 
activate glucocorticoid response elements upstream of circadian 
gene promoters, including Per2 [31,32] Furthermore, the addition 
of dexamethasone can synchronize ex vivo tissues and cells in 
culture, including mouse tendons and primary mouse and human 
tendon cells, by driving period expression [33,34] Thus, reduced 
exercise-induced glucocorticoid release could potentially modulate 
the tendon circadian clock circuitry.

Overall, there remain lots of unknowns, however, research 
points to tendon repair occurring during moderate exercise in mice 
and humans and this shows promise for advances in research in 
painful conditions. This raises the interesting question about the 
importance of the time of day when people exercise and if exercising 
out-of-sync with the body clock disrupts tissue repair. We question 
whether the same hypothesis can be applied to skin healing and if 
so, what the optimal time for treatments should be. We know that 
dermal healing does not follow a linear trajectory so theoretically 
this could be linked with biological clocks. Our proposition is one 
that aims to characterise the influence of peripheral clocks on 
the physiology of skin; the morphology and cellular phenotype 
of skin; the extent of UVR-induced damage; and the efficacy of 
topical anti-ageing treatments. With the ultimate goal of optimising 
strategies for chronotherapy (timing the delivery of medication) 
for skin repair.  It is now time to multiply the magnification of our 
microscopic lens as we intend this commentary to prompt some 
fresh thinking about the ways in which we can approach the burden 
of pain in skin healing by shifting our research focus to the role 
that biological clocks play in mediating the function of organisms, 
tissues and cells.

References
1. Gaskin DJ, Richard P (2012) The economic cost of pain. The Journal of 

Pain 13(8): 715-24. 

2. Zamboni P, Gemmati D (2007) Clinical implications of gene 
polymorphisms in venous leg ulcer: A model in tissue injury and 
reparative process. Thrombosis and Haemostasis 98(1): 131-137.

3. Lusher J, Murray E, Chapman-Jones D (2017) Changing the way we 
think about wounds: A challenge for 21st Century medical practice, 
International Wound Journal, early online.

4. Fletcher J (2008) Differences between acute and chronic wounds and 
the role of wound bed preparation. Nursing Standard 22(24): 62-68.

5. Bergan JJ, Geert MD, Schmid Schonbein W (2006) Chronic Venous 
Disease. New England Journal Medicine 355: 488-498. 

6. Gemmati D, Tognazzo S, Catozzi L (2006) Influence of gene 
polymorphisms in leg ulcer healing process after superficial venous 
surgery. Journal Vascular Surgery 44: 554-562.

7. Tognazzo S, Gemmati D, Palazzo (2006) Prognostic role of factor XIII 
gene variants in nonhealing venous leg ulcers. Journal Vascular Surgery 
44: 815-819.

8. Nagy N, Szabad G, Szolnoky G (2013) Chronic nonhealing wounds: Could 
leg ulcers be hereditary?

9. Nagy N, Szolnoky G, Szabad G (2005) Single nucleotide polymorphisms 
of the fibroblast growth factor receptor 2 gene in patients with chronic 
venous insufficiency with leg ulcer. Journal Investigative Dermatology 
124: 1085-1088.

10. Wallace HJ, Vandongen YK, Stacey MC (2006) Tumour necrosis factor-
alpha gene polymorphism associated with increased susceptibility to 
venous leg ulceration. Journal Investigative Dermatology 126: 921-925.

11. Peus D, Schmiedeberg SV, Pier A (1996) Coagulation factor V gene 
mutation associated with activated protein C resistance leading to 
recurrent thrombosis, leg ulcers, and lymphedema: successful treatment 
with intermittent compression. Journal American Academy Dermatology 
35(2): 306-309.

12. Jebeleanu G, Procopciuc I (2001) G20210A prothrombin gene mutation 
identified in patients with venous leg ulcers. Journal Cellular Molecular 
Medicine 5(4): 397-401.

13. Gemmati D, Tognazzo S, Serino ML (2004) Factor XIII V34L 
polymorphism modulates the risk of chronic leg ulcer progression and 
extension. Wound Repair Regeneration 12(5): 512-517.

14. Ashworth JJ, Smyth JV, Pendleton N (2005) The dinucleotide (CA) repeat 
polymorphism of estrogen receptor beta but not the dinucleotide (TA) 
repeat polymorphism of estrogen receptor alpha is associated with leg 
ulceration. J Steroid Biochem Mol Biol 97: 266-270.

15. Gemmati D, Federici F, Carozzi L (2009) DNA-array of gene variants in 
venous leg ulcers: Detection of prognostic indicators. Journal Vascular 
Surgery 50(6): 1444-1451. 

16. Charles CA, Tomic Canic M, Vincek V, (2008) A gene signature of 
nonhealing venous ulcers: Potential diagnostic markers. Journal 
American Academia Dermatology 9(5): 758-771. 

17. Comerota A, Lurie F, (2015) Pathogenesis of venous ulcer. Sem Vascular 
Surgery 28: 6-14. 

18. Lusher J, Murray E (2018) Contested pain: Managing the invisible 
symptom. International Journal of Global Health 1(2): 1-2. 

19. Dibner C, Schibler U, Albrecht U (2010) The mammalian circadian timing 
system: organization and coordination of central and peripheral clocks. 
Annual Review Physiology 72: 517-549.

20. Roenneberg T, Merrow M (2016) The Circadian Clock and Human 
Health. Current Biology (CB) 26: R432-R443.

21. Carthy JJ, Andrews JL, McDearmon EL, Campbell KS, Barber BK, et al. 
(2007) Identification of the circadian transcriptome in adult mouse 
skeletal muscle. Physiological Genomics 31: 86-95.

https://doi.org/10.32474/GJAPM.2019.01.000117
https://www.ncbi.nlm.nih.gov/pubmed/22607834
https://www.ncbi.nlm.nih.gov/pubmed/22607834
https://www.thieme-connect.com/products/ejournals/abstract/10.1160/TH06-11-0625
https://www.thieme-connect.com/products/ejournals/abstract/10.1160/TH06-11-0625
https://www.thieme-connect.com/products/ejournals/abstract/10.1160/TH06-11-0625
https://onlinelibrary.wiley.com/doi/abs/10.1111/iwj.12866
https://onlinelibrary.wiley.com/doi/abs/10.1111/iwj.12866
https://onlinelibrary.wiley.com/doi/abs/10.1111/iwj.12866
https://www.ncbi.nlm.nih.gov/pubmed/18318321
https://www.ncbi.nlm.nih.gov/pubmed/18318321
https://www.ncbi.nlm.nih.gov/pubmed/16885552
https://www.ncbi.nlm.nih.gov/pubmed/16885552
https://www.ncbi.nlm.nih.gov/pubmed/16950433
https://www.ncbi.nlm.nih.gov/pubmed/16950433
https://www.ncbi.nlm.nih.gov/pubmed/16950433
https://moh-it.pure.elsevier.com/en/publications/prognostic-role-of-factor-xiii-gene-variants-in-nonhealing-venous
https://moh-it.pure.elsevier.com/en/publications/prognostic-role-of-factor-xiii-gene-variants-in-nonhealing-venous
https://moh-it.pure.elsevier.com/en/publications/prognostic-role-of-factor-xiii-gene-variants-in-nonhealing-venous
https://www.ncbi.nlm.nih.gov/pubmed/16439968
https://www.ncbi.nlm.nih.gov/pubmed/16439968
https://www.ncbi.nlm.nih.gov/pubmed/16439968
https://www.sciencedirect.com/science/article/pii/S0190962296906556
https://www.sciencedirect.com/science/article/pii/S0190962296906556
https://www.sciencedirect.com/science/article/pii/S0190962296906556
https://www.sciencedirect.com/science/article/pii/S0190962296906556
https://www.sciencedirect.com/science/article/pii/S0190962296906556
https://www.ncbi.nlm.nih.gov/pubmed/12067473
https://www.ncbi.nlm.nih.gov/pubmed/12067473
https://www.ncbi.nlm.nih.gov/pubmed/12067473
https://www.ncbi.nlm.nih.gov/pubmed/15453833
https://www.ncbi.nlm.nih.gov/pubmed/15453833
https://www.ncbi.nlm.nih.gov/pubmed/15453833
https://www.ncbi.nlm.nih.gov/pubmed/16153823
https://www.ncbi.nlm.nih.gov/pubmed/16153823
https://www.ncbi.nlm.nih.gov/pubmed/16153823
https://www.ncbi.nlm.nih.gov/pubmed/16153823
https://www.ncbi.nlm.nih.gov/pubmed/18718692
https://www.ncbi.nlm.nih.gov/pubmed/18718692
https://www.ncbi.nlm.nih.gov/pubmed/18718692
https://www.ncbi.nlm.nih.gov/pubmed/26358304
https://www.ncbi.nlm.nih.gov/pubmed/26358304
https://www.ncbi.nlm.nih.gov/pubmed/20148687
https://www.ncbi.nlm.nih.gov/pubmed/20148687
https://www.ncbi.nlm.nih.gov/pubmed/20148687
https://www.ncbi.nlm.nih.gov/pubmed/27218855
https://www.ncbi.nlm.nih.gov/pubmed/27218855


Citation: Joanne Lusher, David Chapman Jones. Biological Clocks: Is It Time for A Closer Watch on Skin Healing?. Glob J Anes & Pain Med 
1(4)-2019. GJAPM.MS.ID.000117.DOI: 10.32474/GJAPM.2019.01.000117 75

This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here:       Submit Article
Global Journal of Anesthesia 

& Pain Medicine

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

22. Gossan N, Zeef L, Hensman J, Hughes A, Bateman JF, et al. (2013) The 
circadian clock in murine chondrocytes regulates genes con- trolling key 
aspects of cartilage homeostasis. Arthritis Rheum 65: 2334-2345.

23. Hensman JJ, Bayer ML, Kjaer M, Kadler KE, Meng QJ (2014) Gremlin-2 
is a BMP antagonist that is regulated by the circadian clock. Science 
Reports 4: 5183.

24. Dudek M, Yang N, Ruckshanthi J, Wang P, Adamson, et al. (2017) The 
intervertebral disc contains intrinsic circadian clocks that are regulated 
by age and cytokines and linked to degeneration. Annals of the 
Rheumatic Diseases 76(3): 576-584.

25. Dudek M, Meng QJ (2014) Running on time: the role of circadian clocks 
in the musculoskeletal system. Biochemistry Journal 463: 1-8.

26. Swift J, Adamson A, Calverley B, Meng QJ, Kadler KE, et al. (2018) 
Circadian clock regulation of the secretory pathway. bioRxiv: preprint.

27. Wolff, G, Esser KA (2012) Scheduled exercise phase shifts the circadian 
clock in skeletal muscle. Medicine Science Sports Exercise 44: 1663-
1670.

28. Sasaki H, Hattori Y, Ikeda Y, Kamagata M, Iwami S, et al. (2016) 
Forced rather than voluntary exercise entrains peripheral clocks via 
a corticosterone/noradrenaline increase in PER2: lUC mice. Science 
Reports 6: 27607.

29. Lewis P, Korf HW, Kuffer L, Gross JV, Erren T (2018) Exercise time cues 
(zeitgebers) for human circadian systems can foster health and improve 
performance: a systematic review. BMJ Open Sport Exercise Medicine 4: 
e000443.

30. Riemersma DJ, Schamhardt HC (1985) In vitro mechanical properties of 
equine tendons in relation to cross-sectional area and collagen content. 
Research Vet Science 39: 263-270.

31. Reddy TE, Pauli F, Sprouse RO, Neff NF, Newberry KM, et al. (2009) 
Genomic determination of the glucocorti-coid response reveals 
unexpected mechanisms of gene regulation. Genome Research 19: 2163-
2171.

32. Reddy TE, Gertz J, Crawford GE, Garabedian MJ, et al. (2012) The 
hypersensitive glucocorticoid response specifically regu- lates period 
1 and expression of circadian genes. Molecular Cell Biology 32: 3756-
3767.

33. Balsalobre A, Brown SA, Marcacci L, Tronche F, Kellendonk C, et al. 
(2000) Resetting of circadian time in peripheral tissues by glucocorticoid 
signaling. Science 289: 2344-2347.

34. Fowkes FG, Evans CJ, Lee AJ (2001) Prevalence and risk factors of chronic 
venous insufficiency. Angiology 52(1): 5-15.

DOI: 10.32474/GJAPM.2019.01.000117

https://doi.org/10.32474/GJAPM.2019.01.000117
http://www.lupinepublishers.com/submit-manuscript.php
https://lupinepublishers.com/anesthesia-pain-medicine-journal/
https://www.ncbi.nlm.nih.gov/pubmed/23896777
https://www.ncbi.nlm.nih.gov/pubmed/23896777
https://www.ncbi.nlm.nih.gov/pubmed/23896777
https://www.ncbi.nlm.nih.gov/pubmed/24897937
https://www.ncbi.nlm.nih.gov/pubmed/24897937
https://www.ncbi.nlm.nih.gov/pubmed/24897937
https://ard.bmj.com/content/76/3/576
https://ard.bmj.com/content/76/3/576
https://ard.bmj.com/content/76/3/576
https://ard.bmj.com/content/76/3/576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157581/
https://www.biorxiv.org/content/10.1101/304014v2
https://www.biorxiv.org/content/10.1101/304014v2
https://www.ncbi.nlm.nih.gov/pubmed/22460470
https://www.ncbi.nlm.nih.gov/pubmed/22460470
https://www.ncbi.nlm.nih.gov/pubmed/22460470
https://www.ncbi.nlm.nih.gov/pubmed/27271267
https://www.ncbi.nlm.nih.gov/pubmed/27271267
https://www.ncbi.nlm.nih.gov/pubmed/27271267
https://www.ncbi.nlm.nih.gov/pubmed/27271267
https://www.ncbi.nlm.nih.gov/pubmed/30687511
https://www.ncbi.nlm.nih.gov/pubmed/30687511
https://www.ncbi.nlm.nih.gov/pubmed/30687511
https://www.ncbi.nlm.nih.gov/pubmed/30687511
https://www.ncbi.nlm.nih.gov/pubmed/19801529
https://www.ncbi.nlm.nih.gov/pubmed/19801529
https://www.ncbi.nlm.nih.gov/pubmed/19801529
https://www.ncbi.nlm.nih.gov/pubmed/19801529
https://www.ncbi.nlm.nih.gov/pubmed/22801371
https://www.ncbi.nlm.nih.gov/pubmed/22801371
https://www.ncbi.nlm.nih.gov/pubmed/22801371
https://www.ncbi.nlm.nih.gov/pubmed/22801371
https://www.ncbi.nlm.nih.gov/pubmed/11009419
https://www.ncbi.nlm.nih.gov/pubmed/11009419
https://www.ncbi.nlm.nih.gov/pubmed/11009419
https://www.ncbi.nlm.nih.gov/pubmed/11510598
https://doi.org/10.32474/GJAPM.2019.01.000117

	Biological Clocks: Is It Time for A Closer Watch on  Skin Healing? 
	Introduction
	References

