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Introduction
Vitamin D, in tradition has been associated with bone health 

and its deficiency leads to rickets in children and osteomalacia/
osteoporosis in adults. [1] However, for optimal functioning of 
many organs and tissues throughout the body, adequate vitamin 
D is important. [2] In most of the population including children 
and young adult’s deficiency or insufficiency of Vitamin D is 
prevalent which generally remains untreated and unrecognized. 
Although vitamin D is consumed in food, dietary intake alone is 
often insufficient, supplying only 20% of the body’s requirements.

An emerging hypothesis is that vitamin D may be beneficial 
for oral health, for its direct effect on bone metabolism and 
also its ability to function as an anti-inflammatory agent and 
stimulate the production of anti-microbial peptides. In recent 
years, the discovery of the vitamin D receptor (VDR) in the cells 
of the immune system and the fact that several of these cells 
produce the vitamin D hormone suggested that it could have 
immunoregulatory properties. 

Evidence has demonstrated that deficiency of vitamin D may 
place subjects at risk for not only low bone density but also many 
chronic inflammatory diseases including periodontitis. Studies 
have also shown that low bone mass could be a risk factor for  

 
periodontal disease. Thus, to understand the future clinical  
applications of vitamin D it is important to understand steps 
of vitamin D metabolism and mechanisms of action that can be 
altered to facilitate tissue-specific clinical applications. 

Discussion
Vitamin D Metabolism

Under the influence of UV light, Vitamin D3 is made in 
the skin from 7-dehydrocholesterol. It is first metabolized to 
25 hydroxyvitamin D (25OHD), then to the hormonal form 
1,25-dihydroxyvitamin D (1,25(OH)2D) by CYP2R1 which is 
the most important 25-hydroxylase and CYP27B1, the key 
1-hydroxylase respectively. 

Both 25OHD and 1,25(OH)2D are catabolized by CYP24A1.
[3] 1,25(OH)2D acts as a ligand for the Vitamin D Receptor (VDR), 
a transcription factor, which binds to sites in the DNA called 
Vitamin D Response Elements (VDREs). There are thousands of 
these binding sites regulating hundreds of genes in a cell-specific 
fashion. Analogs of 1,25(OH)2D are being developed to target 
specific diseases with minimal side effects. This review will 
examine these different functions of vitamin D metabolism, its 
mechanism and clinical application.
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The risk of developing periodontal disease might be affected by vitamin D deficiency. The effect could be via low bone mineral density 
or through immunomodulatory effects. Studies show the association between periodontitis, bone metabolism and VDR polymorphisms. 
1,25(OH)2D acts as a ligand for the vitamin D receptor (VDR), a transcription factor, helps to bind sites in the DNA called vitamin D response 
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therapy. This review will examine these different functions of vitamin D, its mechanism of action, and clinical application.
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Genomic and Non-Genomic Actions of Vitamin D
Most of the genomic actions of 1,25(OH)2D are mediated by 

the VDR. VDR is a transcription factor and member of the steroid 
hormone nuclear receptor family. The ligand binding domain 
structure has been solved by x-ray crystallography [4]. VDR 
binding is essential for its genomic activity. These complexes can be 
both gene and cell specific, enabling the selectivity of 1,25(OH)2D 
action from cell type to cell type. Vitamin D has potential to inhibit 
innate immune system. It has been shown to inhibit dendritic cells 
ability to produce immunity by down-regulating the expression of 
Major Histocompatibility Complex class II molecules [5]. Dendritic 
cells have both protective immunity action and self-tolerance. 
Vitamin D enhances IL-10 production in these dendritic cells and 
suppresses interleukin (IL)-12 [6]. It also has a complex role in 
immune hemostatsis with its stimulatory effect on the immune 
system [5]. 

Vitamin D also influences the regulation of cathelicidin, 
which has a broad antimicrobial activity against gram-positive 
and gram-negative bacteria and produced by humans [7]. Studies 
show, treatment with Vitamin D up-regulated cathelicidin mRNA 
in several cell lines and primary cultures including keratinocytes, 
neutrophils, and macrophages [8].

The CD4 + T-cells activation results in a five-fold increase in 
VDR expression, enabling vitamin D to regulate number of genes 
[9]. T-lymphocyte subpopulations demonstrates that induction of 
Th1 cytokines, especially IFNγ is blocked by vitamin D although 
through the enhancement of production of IL-4 [10,11]. Vitamin D 
overall decreases cell-mediated immune responses. This is due to 
the effect of vitamin D3 on Antigen Presenting Cells (APC). Apart 
from the induction and enhancement of suppressive activity of 
CD4 + CD25 + Treg cells, it also helps to promote their recruitment 
at inflammatory sites.

The key role of vitamin D is to maintain proper extracellular 
calcium levels. Hence vitamin D is essential in maintaining skeletal 
integrity. It helps to modulate skeletal and mineral homeostasis. 
The relative ratio of RANKL to OPG determines the formation of 
mature osteoclast formation therby bone resorption. Most of the 
studies show that vitamin D-VDR stimulates RANKL expression 
in cells such as osteoblasts and bone marrow-derived stromal 
cells [12] as RANKL gene structure contains vitamin D responsive 
elements. 

However, Kitazaw et al. [12] reported that long-term exposure 
to vitamin D led to a recovery of OPG expression while vitamin 
D initially represses OPG. Indeed, vitamin D has several anabolic 
effects on osteoblasts, including stimulation of osteopontin and 
alkaline phosphatase indicating the necessity of vitamin D to 
stimulate bone remodeling and formation of new bone.

Recent studies showed significant associations between 
dierary intake of calcium and improvement of periodontal health 
[13]. In a recently published longitudinal study, Garcia et al. [13] 

reported that calcium and vitamin D supplementation may reduce 
the severity of periodontal disease if used at doses higher than 
800-1,000 IU daily. In addition to its role in calcium and bone 
metabolism, it acts as an anti-inflammatory agent that has strong 
antibiotic effect. This suggests that vitamin D can negatively 
affect periodontopathogens thereby helpful in the treatment of 
periodontitis.

Several diseases including periodontal disease have been 
reported the associations of many VDR restriction fragment 
length polymorphism (RFLPs) [14]. Further studies are 
required to elucidate the functional relevance of VDR RFLPs 
and disease pathogenesis. An inverse association between the 
serum 25-hydroxyvitamin D3 concentrations and periodontal 
disease has been reported [15]. The above findings indicate that 
1,25(OH)2D3 plays a major role in prevention of periodontal 
disease and reduced levels of 1,25 (OH)2D3 may be associated with 
the periodontal disease.

Conclusion
It is of great interest in identifying means to target specific 

cells with analogs for the treatment of periodontal disease. But 
for many of the potential applications clinical trials are lacking 
despite promising epidemiologic data and animal studies. 

The 1, 25(OH)2D3-VDR complex system plays a significant role 
in maintaining oral health and its dysfunction leads to periodontal 
disease. Hence, research in vitamin D could make important 
contributions to the understanding of periodontal diseases and 
may be beneficial in the treatment due to its direct effect on bone 
metabolism and its anti-inflammatory properties.
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