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Editorial on the Research Topic 
Vitamin D and COVID-19: New Mechanistic and Therapeutic Insights

A PubMed search using the terms “vitamin D and COVID-19” reveals more than 1,000 papers. Mostly they indicate a correlation between a low level of vitamin D and a severe outcome from COVID-19 disease (Grant et al., 2022). However, it is easy and quite common in medicine to confound causality with a simple correlation. Moreover, such confusion is particularly plausible for vitamin D research. The problem arises from naming vitamin D a “vitamin,” whereas, in fact, it is a hormone that is produced when the human skin is exposed to sunlight. Therefore, vitamin D is more likely to be produced in people who are fit enough to spend time outdoors. Consequently, a proper blood level of vitamin D is much more likely in fit and healthy people than in sick people. The best means of differentiating a random correlation from causal inference is to describe the underlying mechanism (Pearl and Mackenzie, 2019).
The active metabolite of vitamin D is the steroid hormone 1,25-dihydroxyvitamin D (1,25D) (Carlberg, 2014a). Vitamin D is produced from 7-dehydrocholesterol when the human skin is exposed to UV light. Then, vitamin D activation occurs in two steps: 25-hydroxylation followed by 1α-hydroxylation (Prosser and Jones, 2004). The first step occurs in the liver, where vitamin D undergoes hydroxylation to 25-hydroxyvitamin D (25D). 25D undergoes hydroxylation in the kidneys to the highly active metabolite 1,25D. Both 25D and 1,25D circulate in the blood via the vitamin D binding protein (DBP). 25D bound to DBP has a long half-life of around 2–3 weeks, whereas 1,25D has a short half-life of 10–20 h (Carter, 2011). Hence, serum 25D concentration is used routinely to measure the vitamin D status in the human body (Sempos et al., 2012). Hydroxylation of 1,25D at carbon atom C-24, catalyzed by 24-hydroxylase of 1,25D (CYP24A1), is the first step of its inactivation. A view is that the CYP24A1 level is downregulated by sex hormones and that a higher level of 17β-estradiol may enhance the actions of 1,25D. Peruzzu et al. presented data to support this mechanism.
Vitamin D deficiency is perhaps the most common nutritional deficiency in the world. Recently, there has been increasing awareness of vitamin D deficiency, and its supplementation is now much more common, but seldom regularly controlled. Regarding vitamin D deficiency, the currently agreed levels of serum 25D are deficiency at < 12 ng/ml, insufficiency at 12–20 ng/ml, and levels between 20 and 50 ng/ml are considered to be adequate. In their article, Hafez et al. reported that vitamin D deficiency does correlate significantly with higher mortality from COVID-19.
The receptor for 1,25D is the vitamin D receptor (VDR), which, upon binding to the ligand, translocates from the cytoplasm to the cell nucleus. There, VDR acts as a ligand-activated transcription factor to regulate the transcription of its target genes (Aranda and Pascual, 2001). Hundreds of genes are regulated by VDR (Pike and Meyer, 2014); many of them are responsible for maintaining calcium-phosphate homeostasis (Holick, 1996). However, it is also well known that 1,25D regulates genes involved in the function of immune cells, for example, CD14, which is the macrophage co-receptor for bacterial lipopolysaccharide (LPS) (Carlberg et al., 2013). Recent research has documented around 200 genes which are directly regulated by liganded VDR in human blood cells, and around 500 secondary targets (Hanel and Carlberg, 2022). The cells that appear to be the key targets of 1,25D regulation in the immune system are macrophages and dendritic cells. They have a high VDR expression level (Carlberg et al., 2013) and can produce 1,25D from its precursor 25D (Dusso et al., 1991). 1,25D directly regulates the expression of genes that are crucial to the functions of macrophages and dendritic cells, such as CD14 (Gombart et al., 2005; Carlberg, 2014b), cathelicidin (Liu et al., 2007), and TNFα (Cohen et al., 2001). However, the influence of 1,25D on the human innate immune response is complex because it has been shown that pre-treatment of human monocytes with 1,25D reduced their production of TNF-α and interleukin- (IL-) 6 in response to bacterial LPS (Zhang et al., 2012). Noteworthy, for around 700 genes regulated by VDR in human blood cells, the majority have been linked to downregulation of neutrophil degranulation, chemokine production, IFNγ-mediated signal transduction, and IL-6 production (Hanel and Carlberg, 2022).
When a virus infects the human body, the innate defenses are activated. Infected cells produce interferons α and β, which diffuse to neighboring cells to render them into an antiviral state. The virus-infected cells downregulate MHC class I molecules, whereby they are targets for killing by natural killer cells. Eventually, macrophages, using their toll-like receptors, may recognize the virus particles, phagocytose them, produce nitric oxide within phagolysosomes, and secrete defensins, cathelicidin, or TNFα into their environment. When innate responses are insufficient to eliminate the virus, adaptive immune mechanisms are activated. The most efficient process is the destruction of virus-infected cells by cytotoxic T lymphocytes, which recognize viral peptides that are presented at the cell surface of infected cells by MHC class I molecules. In addition, B lymphocytes may recognize certain patterns present in the viral envelope and then differentiate into plasma cells to produce a large number of antibodies. Both actions are under tight control by T helper cells (Delves et al., 2017). However, viral infections may lead to excessive immune responses, such as a cytokine storm (CS). This is a dangerous immune condition characterized by a release of about 150 inflammatory cytokines and mediators of inflammation (Delves et al., 2017). CS can lead to severe complications such as high fever, intravascular coagulation, tissue damage, multiple organ failure, and death (Wong et al., 2017). Walsh et al. examined how some of these life-threatening events may be attenuated by a sufficient level of 1,25D.
There are no unwanted side effects for taking vitamin D to ensure a proper level of 25D. Accordingly, Walsh et al. published their recommendations of “a vitamin D intake of 800–1000 IU per day, with a higher and monitored dose, e.g., 1,500–2000 IU per day, for vulnerable groups who have a confirmed or a likely low vitamin D status”. Whether vitamin D can provide an adjunct to therapy for patients who already have COVID-19 remains an open question. The data discussed by Tomaszewska et al. indicate that 25D (calcifediol), rather than vitamin D, should be used therapeutically.
AUTHOR CONTRIBUTIONS
EM wrote the draft of the text, which was revised by GB.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aranda, A., and Pascual, A. (2001). Nuclear Hormone Receptors and Gene Expression. Physiol. Rev. 81, 1269–1304. doi:10.1152/physrev.2001.81.3.1269
 Carlberg, C., Seuter, S., de Mello, V. D., Schwab, U., Voutilainen, S., Pulkki, K., et al. (2013). Primary Vitamin D Target Genes Allow a Categorization of Possible Benefits of Vitamin D₃ Supplementation. PLoS One 8 (7), e71042. doi:10.1371/journal.pone.0071042
 Carlberg, C. (2014a). The Physiology of Vitamin D-Far More Than Calcium and Bone. Front. Physiol. 5, 335. doi:10.3389/fphys.2014.00335
 Carlberg, C. (2014b). Genome-wide (Over)view on the Actions of Vitamin D. Front. Physiol. 5, 167. doi:10.3389/fphys.2014.00167
 Carter, G. D. (2011). Accuracy of 25-hydroxyvitamin D Assays: Confronting the Issues. Curr. Drug Targets 12, 19–28. doi:10.2174/138945011793591608
 Cohen, M. L., Douvdevani, A., Chaimovitz, C., and Shany, S. (2001). Regulation of TNF-Alpha by 1alpha,25-Dihydroxyvitamin D3 in Human Macrophages from CAPD Patients. Kidney Int. 59 (1), 69–75. doi:10.1046/j.1523-1755.2001.00467.x
 Delves, P., Martin, S., Burton, D., and Roitt, I. (2017). Roitt's Essential Immunology. 13 ed. Chichester, West Sussex: John Wiley & Sons. 
 Dusso, A. S., Finch, J., Brown, A., Ritter, C., Delmez, J., Schreiner, G., et al. (1991). Extrarenal Production of Calcitriol in normal and Uremic Humans. J. Clin. Endocrinol. Metab. 72 (1), 157–164. doi:10.1210/jcem-72-1-157
 Gombart, A. F., Borregaard, N., and Koeffler, H. P. (2005). Human Cathelicidin Antimicrobial Peptide (CAMP) Gene Is a Direct Target of the Vitamin D Receptor and Is Strongly Up-Regulated in Myeloid Cells by 1,25-dihydroxyvitamin D3. Faseb J. 19 (9), 1067–1077. doi:10.1096/fj.04-3284com
 Grant, W. B., Al Anouti, F., Boucher, B. J., Dursun, E., Gezen-Ak, D., Jude, E. B., et al. (2022). A Narrative Review of the Evidence for Variations in Serum 25-Hydroxyvitamin D Concentration Thresholds for Optimal Health. Nutrients 14 (3), 639. doi:10.3390/nu14030639
 Hanel, A., and Carlberg, C. (2022). Time-Resolved Gene Expression Analysis Monitors the Regulation of Inflammatory Mediators and Attenuation of Adaptive Immune Response by Vitamin D. Int. J. Mol. Sci. 23 (2), 911. doi:10.3390/ijms23020911
 Holick, M. F. (1996). Vitamin D and Bone Health. J. Nutr. 126 (4 Suppl. l), 1159S–64S. doi:10.1093/jn/126.suppl_4.1159S
 Liu, P. T., Stenger, S., Tang, D. H., and Modlin, R. L. (2007). Cutting Edge: Vitamin D-Mediated Human Antimicrobial Activity against Mycobacterium tuberculosis Is Dependent on the Induction of Cathelicidin. J. Immunol. 179 (4), 2060–2063. doi:10.4049/jimmunol.179.4.2060
 Pearl, J., and Mackenzie, D. (2019). The Book of Why. HarlowEngland: Penguin Books. 
 Pike, J. W., and Meyer, M. B. (2014). Fundamentals of Vitamin D Hormone-Regulated Gene Expression. J. Steroid Biochem. Mol. Biol. 144 Pt A, 5–11. doi:10.1016/j.jsbmb.2013.11.004
 Prosser, D. E., and Jones, G. (2004). Enzymes Involved in the Activation and Inactivation of Vitamin D. Trends Biochem. Sci. 29 (12), 664–673. doi:10.1016/j.tibs.2004.10.005
 Sempos, C. T., Vesper, H. W., Phinney, K. W., Thienpont, L. M., and Coates, P. M. (2012). Vitamin D Status as an International Issue: National Surveys and the Problem of Standardization. Scand. J. Clin. Lab. Invest. Suppl. 243, 32–40. doi:10.3109/00365513.2012.681935
 Wong, J. P., Viswanathan, S., Wang, M., Sun, L. Q., Clark, G. C., and D'Elia, R. V. (2017). Current and Future Developments in the Treatment of Virus-Induced Hypercytokinemia. Future Med. Chem. 9 (2), 169–178. doi:10.4155/fmc-2016-0181
 Zhang, Y., Leung, D. Y., Richers, B. N., Liu, Y., Remigio, L. K., Riches, D. W., et al. (2012). Vitamin D Inhibits Monocyte/macrophage Proinflammatory Cytokine Production by Targeting MAPK Phosphatase-1. J. Immunol. 188 (5), 2127–2135. doi:10.4049/jimmunol.1102412
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Marcinkowska and Brown. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Vitamin D and COVID-19: New Mechanistic and Therapeutic Insights		Author Contributions

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Editorial: Vitamin D and COVID-
19: New Mechanistic and
Therapeutic Insights





OPS/images/logo.jpg
, frontiers
in Pharmacology





