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Abstract
Vitamin D use could possibly boost therapeutic response and restrain requirement 
of antibiotic treatment when used according to recommended dietary allowance 
(RDA). An increasing role of Vitamin D and its analogues is documented for the 
controlling of psoriasis, vitiligo, atopic dermatitis, rosacea and acne. Besides 
this, it also aids in B and T cell activation as well as enhancing the activity of 
macrophages and monocytes. All these potentially contribute to anti-microbial 
response of immune system. Evidence supports that vitamin D shows enhanced 
antimicrobial activity and a deficiency in its RDA dosage may affect general well-
being and longevity in an irreparable way. Possible mechanism for these effects is 
by an increased scrutiny of inbound pathogenic microorganisms. Multiple other 
mechanisms of Vitamin D may decrease the risk of infection. Vitamin D can boost 
innate immunity by modifying the cytokine response and production of anti-
microbial peptides (AMPs). A reduction to infection susceptibility is documented in 
patients suffering atopic dermatitis. Ability of Vitamin D to balance inflammatory 
responses and local immunity offers thrilling prospective to understand and 
better treat chronic inflammatory dermatitis’s. Taking into account the potential 
antimicrobial benefits and the abundance of broad benefits that an adequate 
vitamin D level confirms, make it discreet to regularly check vitamin D status 
and maintain an adequate 25(OH) D levels. Vitamin D establishes itself as an 
economical prophylactic variant and therapeutic product. It also establishes itself 
as a synergistic approach to traditional antimicrobial agents. This review outlines 
the specific responses of immune cells which boosts their antimicrobial responses 
in combating a wide range of organisms due to vitamin D. These are responses by 
which vitamin D ensures its therapeutic role in treatment of variety of infections.
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Introduction
Vitamin D plays an essential role in immunomodulation [1] as well 
as in balancing inflammatory response and chemokine production 
[2]. Vitamin D along with its analogues may pose effects on 
different cell types, sebocytes, melanocytes and keratinocytes 
and offer a stimulating opportunity for treating several chronic 
inflammatory dermatitides [3]. Vitamin D may also boost innate 
immunity that improves survival in acute illness [4]. Vitamin D 
shows systemic antimicrobial effects [5] that could be critical 
in a range of both type of acute and chronic illness. Biggs et al. 
[6] established that the mast cell's ability to suppress cutaneous 
inflammation can be boosted vitamin D dependent induction of 
interleukin-10 by mast cells.

In addition, vitamin D can potentially improve production of 
antimicrobial peptides in the skin by modulating T cell profiles 
[7]. Furthermore, the overdose of antibiotics still persists despite 
many efforts to address this problem and contributes to resistant 
organisms such as methicillin resistant Staphylococcus aureus 
[8]. These anti-inflammatory and anti-infective roles of Vitamin D 
are becoming increasingly important in a variety of skin diseases. 
Vitamin D has a modulating effect on the dermal immune system 
is obvious from the neonatal period, with the altered regulatory 
T cell profile persisting to adulthood [9]. Possibly Vitamin D use 
could potentially reduce inappropriate antibiotic prescription and 
boost therapeutic response when combined with appropriate 
antibiotic use. In this review we discuss the possible mechanisms 
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by which Vitamin D may modulate the Immune System and its 
antimicrobial effects.

Immunomodulatory Function of 
Vitamin D
Vitamin D exerts an immunomodular response equally on 
mononuclear and polynuclear cell lines through its effects on 
the vitamin D receptor VDR [10]. VDR is present in all types of 
cells, including T and B lymphocytes (both resting and activated), 
dendritic cells, innate lymphoid cells and Monocytes [8].

Circulating Vitamin D has a direct influence on macrophages, it 
increases their potential for oxidative burst that is production 
and maturation of cytokines, hydrogen peroxide and acid 
phosphatase, and inhibit disproportionate expression of 
inflammatory cytokines. Vitamin D also facilitates phagocytic 
function and neutrophil motility [11]. 

T-Cell
The basic effects of Vitamin D include modulation of cytokine 
secretion in T Cells and its differentiation, but VDR is also 
required for T cell activation by maintaining T Cell Receptors 
TCR signaling [12]. The CD4+ T cells present themselves as a 
heterogeneous group of Th1, Th2, Th17, and Treg cells. During a 
normal immune system response, resistance against intracellular 
pathogens is presented by Th1 cells, Th2 cells have effect on 
helminth infections and Th17  type of T cells are responsible for 
fungi and extracellular pathogens. Alternatively, Tregs reconcile 
immunological tolerance against harmless foreign antigens and 
self-antigens [13].

A Randomized Controlled trial found that High Dose of Vitamin 
D3 reduced CD4+ T-cell activation in comparison to a its low-
dosage. This Study provided evidence that vitamin D dosage 
in humans can alter cell-mediated immunity [14]. T Cells and B 
cells as antigen presenting cells have the auxiliary machinery for 
the synthesize and response to Vitmin D, In an immune system 
vitamin D may act in a paracrine or autocrine manner [15].

There is a documented proof that T cells of patients suffering from 
Multiple Sclerosis (MS) respond to vitamin D. These stimulated 
CD4 cells show an increase in production in MS patients; its 
controls are likewise inhibited subsequently to pre-incubation in 
increased concentrations of vitamin D [16]. In another random 
trial of vitamin D supplementation, Five out of six individuals (one 
healthy and four patient volunteers) showed a surge in circulating 
Tregs after periods of 3 to 12 months [17].

B cell
Increasing evidence is available in support of Vitamin B that 
shows its role in multiple sclerosis (MS) while an inflammation 
primarily T-cell-mediated is present in MS patients. A poor level 
of vitamin D associated as a key environmental factor with such 
disease prevalence and severity.

An in vitro review by Rolf et al. indicated several effects of 
vitamin D on B cells; it may be favourable in reduction of T-cell 
co-stimulation, inhibiting plasma cell generation and boosting 

Breg cell activity in MS. Available data for the effects of B-cell-
depleting drugs, supports the ‘innate’ B-cell functions while 
makes it less likely for production of autoantibodies to play a key 
role in MS pathology [18].

Though a well published record is available in support of Vitamin 
D, still the impact of 1,25(OH)2D3 on Regulatory B cells is not 
absolute. There is a hypothesis that 1,25(OH)2D3 revokes the 
pathogenicity of B cells in autoimmune response by obstructing 
plasma cell differentiation and by this means auto-antibody 
production is hindered [19].

B Cells go through various stages of differentiation, class-switch 
recombination and somatic hypermutation before becoming 
plasma cells that can secrete high-affinity antibodies. Another 
study suggests that if VDR binds at promoter region of genes 
that are involved in activating immune response mechanism of 
lymphoblastic B cell lines, this lights up the role of vitamin D in B 
cells regulated  autoimmune diseases [13].

Innate lymphoid cells
Relatively a new epitome of immune system response is Innate 
Lymphoid Cell (ILC). There is a significant part played through ILC 
in tissue homeostasis, tissue repair and the immune response 
against pathogenic microorganisms. ILCs can be grouped into 
three classes as follows:

1. Group 1 ILCs (ILC1): Secretes IFNγ and depend on T-bet 
expression.

2. Group 2 ILCs (ILC2): Secretes type 2 cytokines like IL-5 and 
IL-13 and depend on GATA3. 

3. Group 3 ILCs (ILC3): Secretes IL-17A and/or IL-22 and 
depend on RORC [20].

The ILC1s takes in natural killer cells (NK), this NK cells have 
long been discovered and are known for their attack on viruses. 
Subsequently, auto immune diseases are considered to be under 
the influence of viral triggers, there are significant discoveries 
for NK cells for their role in this perspective. However, a recent 
review by Poggi and Zocchi proposes that under particular 
conditions, NK cells behave as defensive, while in some cases 
they are pathogenic in nature [21]. This data is still contradictory 
to the concept that 1,25(OH)2D3  induces the cytolytic killing 
ability of NK cells [22]. However, increase in number of NK cells 
can be decreased, their cytotoxicity as well as IFNγ production 
can also be reduced if 1.25(OH)2D3 is supplemented to the in vitro 
differentiation of NK cells through hematopoietic stem cells [23].

Recurrent cases of women with pregnancy losses [24] imposes 
inhibition of activation, cytotoxic capacity and pro-inflammatory 
cytokine production regarded to 1,25(OH)2D3 dosage specifically 
in over activated NK cells. It holds the hypothesis that 1,25(OH)2D3 
has no effect on immune response as a general inhibitor, but 
supports it as a regulator for immune homeostasis. Hence, it 
builds a case for 1,25(OH)2D3 in which it modulates abnormal 
NK activation and also plays a role in autoimmune diseases [24].
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Macrophages
1,25(OH) 2D3 has distinct role in both macrophage activation 
and differentiation. This differentiation of monocytes into 
macrophages is stimulated by 1,25(OH)2D3 during early stages 
of an infection. Moreover, the conversion of 25(OH)D3 into 
1,25(OH)2D3 is initiated by one of two ways IFNγ-induced 
activation that activates Cyp27B1 or toll-like receptor triggering 
[25]. 1,25(OH)2D3 converted via this pathway is then required 
for the antimicrobial activity of human monocytes, macrophages 
and producing cathelicidin [5]. In addition, induces IL-1β by up 
regulation of C/EBPβ or Erk1/2, is also controlled by 1,25(OH)2D3 
[26]. So primarily, for an effective pathogen clearance in body 
1,25(OH)2D3 is essential.

A randomized control study on mice describes the hyper 
responsiveness of Lupus Prone Strain stimulation that specifies 
the role of 1, 25(OH)2D3 in later stages of infection, as it induces 
the contraction of the immune response [27]. The characterization 
of anti-inflammatory effect of 1,25(OH)2D3 on macrophages as a 
result of decrease in production of pro-inflammatory factors such 
as IL-6, IL-1β, TNFα, COX-2, RANKL, nitric oxide and increased 
anti-inflammatory IL-10 [28].

These changes suggest an increase in M2 phenotype while 
inhibition of M1 phenotype that results in restoration of balance 
between subsets of M2 and M1 Phenotype, this phenomenon 
occurs in abundance of 1, 25(OH)2D3. In addition, 1,25(OH)2D3-
treated macrophages possess reduction in T cell stimulatory 
aptitude [29].

Latest studies show some developments in understanding the 
mechanism for an anti-inflammatory effect of Vitamin D3 on 
macrophages. Such findings suggest that thioesterase superfamily 
member 4 (THEM4) which is an inhibitor of the NFκB signalling 
pathway is important target of 1,25(OH)2D3. THEM4 prevents 
COX-2 transcription by inhibiting the targeted binding of NFκB to 
the COX-2 Chromosome locus [30].

Studies to understand the treatment of autoimmune disease, 
focus on the balancing effect of 1,25(OH)2D3 on both the anti 
and pro-inflammatory status of macrophages. At present, M1 
macrophages secrete many inflammatory mediators, like IL-
1β, COX-2, IL-6, and especially TNFα that play important role in 
various autoimmune diseases as successful therapeutic targets 
[28]. However, patients may become prone to infections due to 
systemic reduction of these therapeutic mediators. Consequently, 
this raises interest for understanding the process by which 1, 
25(OH) 2D3 maintains a balance between both anti- and pro-
inflammatory actions [13]. This could deliver comprehensive 
understanding in how to suppress the hyper activation of pro-

inflammatory cytokines, without triggering disturbance in the 
standard immune response.

Discussion 
One thing is clear from above data that there is irrefutable effect 
of vitamin D on the immune system. The in vitro data explains the 
overwhelming physiological role of vitamin D in immune system 
modulation. Its regulatory effect on immune system can be 
detected by exposing immunocytes to nutritional and medicinal 
doses according to RDA [31] of vitamin D metabolites. Moreover, 
the periodic use of vitamin D, in daily or weekly comparable 
cumulative RDA doses [31] instead of every 6–12 months, may 
pose long-term compatibility of immune system subject to the 
standard of living of the target individuals. For better effect, the 
timing of intake of vitamin D medication is crucial.

As described by Grant and Holick [32] In humans, an association 
occurs between hostile autoimmune diseases or infections and 
vitamin D deficiency. When designing clinical trials the important 
reason might be the miss interpretation of dose, frequency of 
administration and the choice of the vitamin D metabolite. As 
many isolated immune cells show in vitro effects if induced by 
concentrations of 1,25-(OH)D2D3, which are exceeding to RDA [33].

These concentrations risk hyper-calcemia and soft tissue 
calcifications, it is probably because normal daily dosage 
could be interrupted with dietary habits for regular vitamin D 
supplementation [34].  Consequently, prospective both random 
and controlled trials will make it obligatory to investigate whether 
supplementation with consistent vitamin D can indeed inhibit or 
adjust the prevalence of autoimmune diseases or inflammatory 
infections in at-risk subjects.

We are in accordance with Martens et al. [35] that the regular 
dose of vitamin D may avoid any severe autoimmune disease 
which may occur due to vitamin D deficiency and decreases 
susceptibility to autoimmune diseases as well as improves 
immune cells health. Another type of immune cells has gained 
light in recent years, innate lymphoid cells (ILC), with relatively 
lower number of clinical trials the effects of vitamin D on ILC is not 
yet probed broadly [20]. Existing data after characterization of ILC 
propose that Vitamin D correspondingly have anti-inflammatory 
effects on these cells. Still more studies are required to distinguish 
the effects on the different subsets and its role in the protective 
effect of vitamin D in autoimmunity [36].

Conclusion
Pharmaceutical and clinical trials should raise the critical analysis 
if vitamin D is really efficient in modern life to prevent or fight 
metabolic, inflammatory, and degenerative disorders. Thus 
further research is therefore needed.

References
1 Kamen DL, Tangpricha V (2010) Vitamin D and molecular actions on 

the immune system: modulation of innate and autoimmunity. J Mol 
Med 88: 441–450. 

2 Fukuoka M, Ogino Y, Sato H, Ohta T, Komoriya K, et al. RANTES 
expression in psoriatic skin and regulation of RANTES and IL-8 
production in cultured epidermal keratinocytes by active vitamin 
D3 (tacalcitol) Br J Dermatol. 138: 63–70.



2021
Vol.7 No.2:7

4  This article is available in: http://biochem-molbio.imedpub.com/archive.php

                           Biochemistry & Molecular Biology Journal 
ISSN 2471-8084

3 Reichrath J (2007) Vitamin D and the skin: An ancient friend, 
revisited. Exp Dermatol 16: 618–625.

4 Hewison M (2010) Vitamin D and the intracrinology of innate 
immunity. Mol Cell Endocrinol.  321: 103–111.

5 Gombart AF (2009) The vitamin D-antimicrobial peptide pathway 
and its role in protection against infection. Future Microbiol. 4: 
1151–1165.

6 Biggs L, Yu C, Fedoric B, Lopez AF, Galli SJ, et al. (2010) Evidence that 
vitamin D(3) promotes mast cell-dependent reduction of chronic 
UVB-induced skin pathology in mice. J Exp Med 207: 455–463.

7 Ong PY, Ohtake T, Brandt C, Strickland I, Boguniewicz M, et al. (2002) 
Endogenous antimicrobial peptides and skin infections in atopic 
dermatitis. N Engl J Med 347: 1151–1160.

8 Ranji SR, Steinman MA, Shojania KG, Gonzales R (2008) Interventions 
to reduce unnecessary antibiotic prescribing: a systematic review 
and quantitative analysis. Med Care 46: 847–862. 

9 Muller HK, Malley RC, McGee HM, Scott DK, Wozniak T, et al. (2008) 
Effect of UV radiation on the neonatal skin immune system—
implications for melanoma. Photochem Photobiol 84: 47–54.

10  Eleftheriadis T, Antoniadi G, Liakopoulos V, Galaktidou G (2009) 
The effect of paricalcitol on osteoprotegerin production by human 
peripheral blood mono-nuclear cells. J Rheumatol 36: 856–857.

11 Lorente F, Fontan G, Jara P, Casas C, Garcia-Rodriguez MC, et al. (1976) 
Defective neutrophil motility in hypovitaminosis D rickets. Acta 
Paediatr Scand 65: 695–699. 

12 Essen MR, Kongsbak M, Schjerling P, Olgaard K, Odum N, et al. (2010) 
Vitamin D controls T cell antigen receptor signaling and activation of 
human T cells. Nat Immunol 11: 344–349. 

13 Wendy D (2017) Vitamin D in Autoimmunity: Molecular Mechanisms 
and Therapeutic Potential. Frontiers in immunology 7: 697.

14 Gupta KG (2016) Vitamin D Supplementation Modulates T Cell-
Mediated Immunity in Humans: Results from a Randomized Control 
Trial. The Journal of Clinical endocrinology and Metabolism 101: 
533-538.

15 Cynthia A (2011) Vitamin D and the Immune System. Journal of 
investigative medicine: the official publication of the American 
Federation for Clinical Research. 59: 881-886. 

16 Correale J, Ysrraelit MC, Gaitán MI (2009) Immunomodulatory effects 
of Vitamin D in multiple sclerosis. Brain 132: 1146-1160.

17 Fisher SA, Rahimzadeh M, Brierley C, Gration B, Doree C, et al. 
(2019) The role of vitamin D in increasing circulating T regulatory cell 
numbers and modulating T regulatory cell phenotypes in patients 
with inflammatory disease or in healthy volunteers: A systematic 
review. PloS one 14: e0222313.

18 Rolf L, Muris AH, Hupperts R, Damoiseaux J (2016) 
Illuminating vitamin D effects on B cells: the multiple sclerosis 
perspective. Immunology 147: 275–284. 

19 Ramagopalan SV, Heger A, Berlanga AJ, Maugeri NJ, Lincoln MR, 
et al. A ChIP-seq defined genome-wide map of vitamin D receptor 
binding: associations with disease and evolution. Genome Res 20: 
1352–1360. 

20 Artis, D., Spits, H (2015) The biology of innate lymphoid 
cells. Nature 517: 293–301. 

21 Alessandro P, Zocchi MR (2014) NK Cell Autoreactivity and 
Autoimmune Diseases.” Frontiers, Frontiers, 

22 Vivier E, Raulet DH, Moretta A, Caligiuri MA, Zitvogel L, et al. 
(2011) Innate or adaptive immunity? The example of natural killer 
cells. Science 331: 44–49.

23 Lee GY, Park CY, Cha KS, Lee SE, Pae M, et al. (2018) Differential effect 
of dietary vitamin D supplementation on natural killer cell activity in 
lean and obese mice. J Nutr Biochem 55: 178-184.

24 Ota K, Dambaeva S, Kim MW, Han AR, Fukui A, et al. (2015) 
1,25-Dihydroxy-vitamin D3 regulates NK-cell cytotoxicity, cytokine 
secretion, and degranulation in women with recurrent pregnancy 
losses. Eur J Immunol 45: 3188-3199.

25 Lut O, Katinka S, Mark W, Annemieke V, Roger B, et al. (2006) Immune 
Regulation of 25-Hydroxyvitamin D-1α-Hydroxylase in Human 
Monocytic THP1 Cells: Mechanisms of Interferon-γ-Mediated 
Induction. The Journal of clinical endocrinology and metabolism 91: 
3566-3574.

26 Zheng R, Wang X, Studzinski GP (2015) 1,25-Dihydroxyvitamin D3 
induces monocytic differentiation of human myeloid leukemia cells 
by regulating C/EBPβ expression through MEF2C. The Journal of 
Steroid Biochemistry and Molecular Biology 148: 132–137.

27 Vratsanos GS, Jung S, Park YM, Craft J (2001) CD4(+) T cells from 
lupus-prone mice are hyperresponsive to T cell receptor engagement 
with low and high affinity peptide antigens: A model to explain 
spontaneous T cell activation in lupus. The Journal of Experimental 
Medicine 193: 329–337.

28 Kany S, Vollrath JT, Relja B (2019) Cytokines in Inflammatory 
Disease. International Journal of Molecular Sciences 20: 6008.

29 Dionne S, Duchatelier CF, Seidman EG (2017) The influence of vitamin 
D on M1 and M2 macrophages in patients with Crohn's disease. 
Innate Immun 23: 557-565.

30 Wang Q, He Y, Shen Y, Zhang Q, Chen D, et al. (2014) Vitamin D 
inhibits COX-2 expression and inflammatory response by targeting 
thioesterase superfamily member 4. J Biol Chem 289: 11681-11694.

31 Wolpowitz D, Gilchrest BA (2006) The vitamin D questions: how 
much do you need and how should you get it? J Am Acad Dermatol 
54: 301-317.

32 Grant WB, Holick MF (2005) Benefits and requirements of vitamin D 
for optimal health: A review. Altern Med Rev 10: 94-111.

33 (2010) Institute of Medicine, Food and Nutrition Board. Dietary 
Reference Intakes for Calcium and Vitamin D. Washington, DC: 
National Academy Press, USA, 2010.

34 Tebben PJ, Singh RJ, Kumar R (2016) Vitamin D-Mediated 
Hypercalcemia: Mechanisms, diagnosis, and treatment. Endocrine 
Reviews 37: 521–547.

35 Martens PJ, Gysemans C, Verstuyf A, Mathieu AC (2020) Vitamin D's 
Effect on Immune Function. Nutrients 12: 1248.

36 Ruiter B, Patil SU, Shreffler WG (2015) Vitamins A and D have 
antagonistic effects on expression of effector cytokines and gut-
homing integrin in human innate lymphoid cells. Clinical and 
experimental allergy: journal of the British Society for Allergy and 
Clinical Immunology 45: 1214–1225.


