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Editorial
The skin is the largest organ (1.6 – 2.0 m2) of our body and its first line of defense. The control 

of water content levels is pivotal in maintaining skin health and integrity. Dysfunctional skin 
moisture is in fact associated with several debilitating dry skin problems such as xerosis, atopic 
dermatitis, psoriasis, and rosacea – capable, in all cases, of impairing locomotor capabilities. 
In mammals, the skin is composed of four layers –epidermis, basement membrane, dermis and 
subcutaneous (hypodermis). The epidermis – stratum corneum (SC) contains no blood vessel per 
se [1]. The dermis harbors mechanoreceptors, thermoreceptors and nociceptors for cutaneous 
sensory information– e.g., hot/cold, pressure/touch, pain, vibration, or chemicals as well as 
vasocontraction, vasodilatation, body temperature regulation, barrier function, secretion, growth, 
differentiation, cell nutrition, nerve growth, inflammatory and immune responses, apoptosis, 
proliferation, and wound healing [1]. The inner milieu of our body consists of about 70% water 
(gender- and age-based differences ranging from 55-75%) [2]. Two main mechanisms affect water 
content at the systemic level – 1) water transport from inner layers towards the epidermis and, 
2) water transport and evaporation from epidermal layers towards the external environment. To 
increase water content levels, water transport activity from inner layers, including from blood 
vessels, will carry water molecules towards the dermis and, hence, the epidermis SC layer. From 
there, water is eventually being lost to evaporation. To decrease water content losses, it is thus 
imperative to limit evaporation and sweating in some conditions. Aquaporin channels, supported 
by water-binding molecules such as glycerol, expressed on vascular endothelial cells, facilitate water 
exchange and transport between blood and dermis [3]. Blood volumes, circulating flow levels and 
regional distribution are directly affecting water transport levels [4]. Actions upon these systems 
critically depend upon complex neural mechanisms–i.e., hypothalamic-pituitary-adrenal axis 
(e.g., arteriovenous anastomoses) raphe nucleus, medulla oblongata, preoptic area, hypothalamus, 
pons and periaqueductal gray matter [5-9]. Sudoriferous glands, the eccrine subtype, are the main 
structure of the skin responsible for thermoregulation in humans –a large proportion of sympathetic 
nerve activity for instance during heat stress has been shown to be sudomotor in nature. Cholinergic, 
muscarinergic, α- or β-adrenergic, neuropeptidergic systems are also involved [10-12]. Sebum 
secretion is also pivotal for normalmoist skin. It also possesses an innate antibacterial activity and 
has a pro- and anti-inflammatory function that may improve healing [13]. The human skin and its 
sebaceous glands express corticotropin-releasing hormone, transient receptor potential vanilloid-1, 
melanocortins, β-endorphin, vasoactive intestinal polypeptide, neuropeptide Y, substance P, and 
calcitonin gene-related peptide [13]. Dysregulation of some of these mechanisms is bound to alter 
water content levels and skin health. For instance, substance P and vasointestinal peptide levels, if 
altered, play a determinant role in acne vulgaris [13-15]. Among the main pathological conditions 
known for altering some of these cellular mechanisms, we found diabetes (type II), aging, brain 
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Abstract
A variety of central nervous system (CNS) and non-CNS conditions leads to mobility impairment. In 
most cases, recovery and health benefits will critically depend upon regaining at least some mobility. 
However, after chronic immobilization or significantly impaired mobility problems, metabolic, 
cardiovascular, and muscular challenges are generally found. Among all therapeutic approaches 
that could be proposed, seeking a restored way of stepping on both feet is undoubtedly the first 
objective to be looking for. Foot skin health and integrity play a pivotal role in locomotion – it is the 
largest organ of the body and its constitutive structures and mechanisms are controlled by CNS and 
non-CNS systems. Some of these mechanisms become dysregulated after chronic immobilization, 
paralysis or mobility problems. Here, I summarize the main pathological conditions and cellular 
mechanism that could lead to dry foot skin problems and related-locomotor and rehabilitation 
concerns.
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swelling, glaucoma, epilepsy, obesity, malnutrition and cancer [16-
21]. Unfortunately, most related mechanisms are, as of now, only 
considered as future cellular targets for next-generation CNS or non-
CNS products against specific dry skin problems. It will be important 
for scientists to rapidly identify and develop potent therapies adapted 
to each condition for ensuring that dry foot skin, restored function, 
locomotor recovery and rehabilitation strategies, all point in the same 
direction.

References
1. McGrath JA, Eady RA, Pope FM. Rook's Textbook of Dermatology (7th 

ed). Blackwell Publishing. 2004; 3.1–3.6. 

2. Iozzo RV. "Basement membrane proteoglycans: From cellar to ceiling". 
Nat Rev Mol Cell Biol. 2005; 6: 646–656. 

3. Beitz E. Aquaporins. Handbook of Experimental Pharmacology.  Springer. 
2004; 210.

4. Papp A, Romppanen E, Lahtinen T, Uusaro A, Harma M, Alhava E. Red 
blood cell and tissue water content in experimental thermal injury. Burns. 
2005; 31: 1003-1006.

5. Krogstad AL, Elam M, Karlsson T, Wallin BG. Arteriovenous anastomoses 
and the thermoregulatory shift between cutaneous vasoconstrictor and 
vasodilator reflexes. J Auton Nerv Syst. 1995; 53: 215-222.

6. Blessing WW, Yu YH, Nalivaiko E. Raphe pallidus and parapyramidal 
neurons regulate ear pinna vascular conductance in the rabbit. Neurosci 
Lett. 1999; 270: 33-36.

7. Key BJ, Wigfield CC. The influence of the ventrolateral medulla on 
thermoregulatory circulations in the rat. J Auton Nerv Syst. 1994; 48: 79-
89.

8. Ootsuka Y, Terui N. Functionally different neurons are organized 
topographically in the rostral ventrolateral medulla of rabbits. J Auton 
Nerv Syst. 1997; 67: 67-78.

9. Owens NC, Ootsuka Y, Kanosue K, McAllen RM. Thermoregulatory 
control of sympathetic fibres supplying the rat's tail. J Physiol. 2002; 543: 
849-858.

10. Shibasaki M, Wilson TE, Crandall CG. Neural control and mechansims of 
eccrine sweating during heat stress and exercise. J Applied Physiol. 2006; 
100: 1692-1701. 

11. Schmelz M, Schmidt R, Bickel A, Torebjork HE, Handwerker HO. 
Innvervation territories of single sympathetic C fibers in human skin. J 
Neurophysiol. 1998; 79: 1653-1660.

12. Schutz B, Schafer MK, Gordes M, Eiden LE, Weihe E. Satb2-independent 
acquisition of the cholinergic sudomotor phenotype in rodents. Cell Mol 
Neurobiol. 2015; 35: 205-216.

13. Zouboulis CC. Acne and sebaceous gland function. Clin Dermatol. 2004; 
22: 360–366. 

14. Toyoda M, Nakamura M, Morohashi M. Neuropeptides and sebaceous 
glands. Eur J Dermatol. 2002; 12: 422–427. 

15. Toth BI, Geczy T, Griger Z, Dózsa A, Seltmann H, Kovács L, et al. Transient 
receptor potential vanilloid-1 signaling as a regulator of human sebocyte 
biology. J Invest Dermatol. 2009; 129: 329–339. 

16. De Macedo GM, Nunes S, Barreto T. Skin disorders in diabetes mellitus: 
an epidemiology and physiopathology review. Diabet Metab Syndr. 2016; 
8: 63.

17. Danby SG. Biological Variation in Skin Barrier Function: From A (Atopic 
Dermatitis) to X (Xerosis). Curr Probl Dermatol. 2016; 49: 47-60.

18. Verkman AS. Knock-out models reveal new aquaporin functions. Handb 
Exp Pharmacol. 2009; 190: 359-381. 

19. Giacomoni PU, Rein G. A mechanistic model for the aging of human skin. 
Micron. 2004; 35: 179-184.

20. Vinik AI, Maser RE, Mitchell BD, Freeman R. Diabetic autonomic 
neuropathy. Diabetes Care. 2003; 26: 1553-1579. 

21. Russell M. Assessing the relationship between vitamin D3 and stratum 
corneum hydration for the treatment of xerotic skin. Nutrients. 2012; 4: 
1213-1218.

https://www.ncbi.nlm.nih.gov/pubmed/16064139
https://www.ncbi.nlm.nih.gov/pubmed/16064139
https://www.ncbi.nlm.nih.gov/pubmed/16278049
https://www.ncbi.nlm.nih.gov/pubmed/16278049
https://www.ncbi.nlm.nih.gov/pubmed/16278049
https://www.ncbi.nlm.nih.gov/pubmed/7560758
https://www.ncbi.nlm.nih.gov/pubmed/7560758
https://www.ncbi.nlm.nih.gov/pubmed/7560758
https://www.ncbi.nlm.nih.gov/pubmed/10454139
https://www.ncbi.nlm.nih.gov/pubmed/10454139
https://www.ncbi.nlm.nih.gov/pubmed/10454139
https://www.ncbi.nlm.nih.gov/pubmed/8027521
https://www.ncbi.nlm.nih.gov/pubmed/8027521
https://www.ncbi.nlm.nih.gov/pubmed/8027521
https://www.ncbi.nlm.nih.gov/pubmed/9470146
https://www.ncbi.nlm.nih.gov/pubmed/9470146
https://www.ncbi.nlm.nih.gov/pubmed/9470146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2290547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2290547/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2290547/
https://www.ncbi.nlm.nih.gov/pubmed/16614366
https://www.ncbi.nlm.nih.gov/pubmed/16614366
https://www.ncbi.nlm.nih.gov/pubmed/16614366
https://www.ncbi.nlm.nih.gov/pubmed/9535936
https://www.ncbi.nlm.nih.gov/pubmed/9535936
https://www.ncbi.nlm.nih.gov/pubmed/9535936
https://www.ncbi.nlm.nih.gov/pubmed/25239161
https://www.ncbi.nlm.nih.gov/pubmed/25239161
https://www.ncbi.nlm.nih.gov/pubmed/25239161
https://www.ncbi.nlm.nih.gov/pubmed/15556719
https://www.ncbi.nlm.nih.gov/pubmed/15556719
https://www.ncbi.nlm.nih.gov/pubmed/12370127
https://www.ncbi.nlm.nih.gov/pubmed/12370127
https://www.ncbi.nlm.nih.gov/pubmed/18769453
https://www.ncbi.nlm.nih.gov/pubmed/18769453
https://www.ncbi.nlm.nih.gov/pubmed/18769453
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-016-0176-y
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-016-0176-y
https://dmsjournal.biomedcentral.com/articles/10.1186/s13098-016-0176-y
https://www.ncbi.nlm.nih.gov/pubmed/26844897
https://www.ncbi.nlm.nih.gov/pubmed/26844897
https://www.ncbi.nlm.nih.gov/pubmed/19096787
https://www.ncbi.nlm.nih.gov/pubmed/19096787
https://www.ncbi.nlm.nih.gov/pubmed/15036272
https://www.ncbi.nlm.nih.gov/pubmed/15036272
https://www.ncbi.nlm.nih.gov/pubmed/12716821
https://www.ncbi.nlm.nih.gov/pubmed/12716821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3475231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3475231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3475231/

	Title
	Abstract
	Editorial
	References

