
VITAMIN D AND PERIODONTIUM: A REVIEW ARTICLE

Dr. Nupur Sah
Reader and Guide, Department of Periodontics, Y.M.T Dental College and Hospital, 
Kharghar, Navi Mumbai, India

Original Research Paper

Periodontology

INTRODUCTION 
Periodontitis is an infectious disease that leads to the destruction of 
the supporting tissues of the teeth.[1] Severity and progression of 
periodontitis may depend on environmental and genetic factors that 
m o d i  e s  h o s t  i m m u n e  r e s p o n s e  a g a i n s t  p e r i o d o n t a l 
microorganisms. Various studies have been done in the past to 
support the fact that vitamin D may constitute one such 
factor.Functions of Vitamin D include its anti-inammatory, 
immune modulatory, and skeletal homeostasis properties. 
Deciency or dysfunction related to gene polymorphism may trigger 
the development of periodontitis.This review focuses on the 
function of vitamin D in maintaining periodontal health.

PHYSIOLOGY AND METABOLISM
Vitamin D comes in two forms: Vitamin D2(ergocalciferol) and 
vitamin D3 (cholecalciferol).Vitamin D is produced from 
7-dehydrocholestrol by human skin on exposure to ultraviolet-B 
radiation.7-dehydrocholestrol is rst hydroxylated into 25-
hydroxycholecalciferol (calcidiol) by enzyme 25-hydroxylase 
(CYP2R1) in liver.25-hydroxycholecalciferol undergoes 
hydroxylation by 25-hydroxy-1-α-hydroxylase  (CYP27B1) again in 
the kidney into the 1,25-Dihydroxycholecalciferol (calcitriol). [Fig.1] 
Fibroblast growth factor 23 reduces serum phosphate and 

[4]1,25(OH)2D3 levels by suppressing CYP27B1 expression.     

Fig.1. Synthesis of vitamin

The molecular structure of vitamin D is closely allied to that of classic 
steroid hormones in that they have the same root cyclopentanoper 
hydrophenanthrene ring structure.[35]Researchers consider 
1,25(OH)2D3 to be a steroid hormone and believe that it functions in 
the same way as other steroid hormones, by interacting with its cognate 
vitamin D receptor[VDR].Major biological function of 1,25(OH)2D3 
is to maintain normal blood calcium-phosphorus levels. In addition to 
these effects on calcium–phosphorus metabolism, several studies have 
shown that 1,25(OH)2D3 also has extra skeletal actions,[36]probably 
because,majority cells express VDR inside them. 

Transactivation Of Vitamin D Receptor
1,25(OH)2D binds to VDR to exert its actions. VDRs are distributed 
widely,and its content is highest in the tissues involved in calcium 
homeostasis, such as the bone, intestine, kidney and parathyroid 
gland.[2] 
 
The organization of the human VDR protein,as in other nuclear 
receptors,has been divided into ve regions(A-E)[Fig. 2A][33].The C 
region contains a DNA-binding domain with two zinc ngers and is the 
domain with strongest sequence homology among the member of the 
superfamily.The C-terminal ligand-binding domain(E region)forms a 
heterodimerization interface and contains a ligand dependent 
transactivation domain called the activation function 2(AF2).The N-
terminal A/B region contains a ligand-independent transactivation 
domain called the AF1.AF1 domains play a role in tissue specic 
function of steroid hormone receptors,and AF1 function of VDR may 
be limited because of its short A/B region.[5]VDR forms a heterodimer 
with retinoid X receptor[RXR].VDR is localized in both the cytosol 
and nucleus and accumulates in the nucleus in response to 
1,25(OH)2D3 binding.[6]    

The VDR-RXR heterodimer binds preferentially to a DNA response 
element that consists of two hexanucleotide(AGGTCA or a related 
sequence) direct repeat motif separated by three nucleotides (Dr3) 
[Fig. 2B][5,33].The DR3 VDR-binding element has been identied in 
the regulatory regions of  many target  genes, including 
CYP24A1,calbindin D9k,cathelicidin and transient receptor potential 
vanilloid type 6(TRPV6).An everted repeat of the hexanucleotide 
motif separated by six nucleotides(ER6) is another VDR-binding 
element that regulates expression of the human CYP3A4 gene.[7]
           

Nuclear receptors,including VDR, undergo a conformational change 
in the cofactor binding site and AF2 domain upon ligand binding,a 
structural rearrangement that results in the dynamic exchange of 
cofactor complexes.[8]In the absence of ligand, corepressors bind to 
the AF2 surface,composed of portions of helix 3, loop 3-4, helices 4/5, 
and helix 11.Ligand binding alters the AF2 surface by repositioning 
helix 12 [Fig. 2B][33],reduces the afnity for corepressors, and 
increases the afnity for coactivator recruitment, allowing nuclear 
receptors to induce the transcription of specic genes.Cofactor 
complexes have been classied into three functional categories. [9] 
Members of the rst cofactor complex class regulate transcription 
directly via interactions with general transcription factors and RNA 
polymerase II. Members of the second cofactor complex class modify 
histone tails by acetylation or deacetylation. The third class of 
complexes is involved in ATP-dependent dynamic chromatin 
remodeling. Ligand-bound VDR is not only involved in 
transactivation but in some contexts can also mediate transrepression. 
[10] Dynamic and coordinated interaction of cofactor complexes and 

[33]VDR is required for efcient regulation of transcription.
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Vitamin D plays an important role in various physiological processes.Adequate levels of Vitamin D are essential for 
maintaining  periodontal health and its deciency is associated with periodontal disease.This actions of vitamin D may be 

attributed to its role in maintaining calcium homeostasis,immunomodulatory effect,cellular growth and differentiation,anti-inammatory effect 
and several vitamin D gene polymorphisms.This review focuses on vitamin D metabolism and underlines the role of Vitamin D on periodontium.
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VDR POLYMORPHISM
VDR is expressed widely in  immune cells.Studies have shown that 
VDR polymorphisms at restriction fragment length polymorphisms 
(RFLP) positions Taq-I,Bsm-I,Apa-I and Fok-I are associated with 
aggressive and/or chronic periodontitis in different ethnic 
populations.[18-25]             

Fig.2(A)Human VDR consists of 427 amino acids (B)VDR-RXR 
heterodimer binds to DR3 and ER6 in the promoter region of 

[33]target genes.

BONE METABOLISM
Vitamin D maintains serum calcium and phosphate levels by 
stimulating intestinal absorption, bone resorption and renal 
reabsorption.
    
Binding of receptor activator of NF-kB ligand(RANKL) to receptor 
activator of NF-kB(RANK), expressed on the surface of osteoclast 
progenitor cells, causes them to differentiate into mature 
osteoclasts.Osteoprotegerin(OPG) acts as a soluble receptor for 
RANKL,inhibiting RANK-RANKL interaction and the maturation of 
osteoclast progenitor cells.1,25(OH)2D has been shown to down 
regulate OPG, and this combination of increased RANKL expression 
and decreased expression of OPG caused by 1,25(OH)2D would favor 
differentiation and activation of osteoclasts and increased bone 
resorption.[11]
         
Kitazawa et al[11] reported that while vitamin D initially reduced 
expression of OPG,long-term exposure to vitamin D led to a recovery 
of OPG expression.This suggested that the catabolic effects of vitamin 
D were transient and the anabolic effects  resulted in stimulation of 
o s t e o p o n t i n  a n d  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n 
osteoblasts.Therefore,vitamin D appears to stimulate bone resorption 
necessary for bone remodeling.Furthermore,it may facilitate 
osteoblastic proliferation and differentiation after long periods of 
exposure.

IMMUNOMODULATORY PROPERTIES
Vitamin D causes the inhibition of B-cell-mediated antibody 
production, cytokine production,and T-cell proliferation.It also causes 
the inhibition of the maturation and differentiation of dendritic cells 
and thus lowering its immune stimulating ability.It also suppress IL-12 
and enhances IL-10 production in these dendritic cells.[12] 

Vitamin D has also been shown to have a stimulatory effect on 
monocytes, invitro,suggesting its role in immune hemostasis rather 
than a purely suppressive effect on the immune system [Figure 3a][14]
            
Epithelial cells and macrophages increase the expression of 
antimicrobial peptides on exposure to microbes,which is dependent on 
the presence of vitamin D.[3] β-defensins exhibit antimicrobial  
activity against Porphyromonas gingivalis, Fusobacterium nucleatum, 
Aggregatibacter actinomycetamcomitans.[16]Vitamin D induces β- 
defensin-3 secretion by human gingival epithelium cells and human 
periodontal ligament cells, reducing  the host-cell infectivity by 
Porphyromonas gingivalis.[17] Cathelicidin has a broad antimicrobial 
activity against bacteria,as well as certain viruses and fungi.Vitamin D 
treatment up-regulated cathelicidin mRNA in several cell lines and 
primary cultures including keratinocytes, neutrophils, and 

[15]macrophages [Figure 3b].

Fig.3(a)1,25(OH)2D effect on immune cells [14] (b)Effect on 
cathelicidin [15]

T helper 1[Th1] cells secrete pro-inammatory cytokines like 
interferon gamma [IFNγ],IL-2, IL-12, and tumor necrosis factor 
alpha.Th2 cells express IL-4, IL-5, and IL-13,which further propagate 
the Th2 response.1,25(OH)2D exerts a strong suppressive effect on the 
expression of IL-2 and IFNγ in a VDR-regulated mechanism. The 
suppression of IL-2 production, in turn, inhibits T-cell proliferation. 
Also, suppression of pro-inammatory cytokines results in exertion of 
anti-inammatory effect.Vitamin D exerts its anti-inammatory 
actions on prostaglandin synthesis and cyclooxygenase 
pathways.Production of matrix metalloproteinases is also inhibited 
which will reduce lipopolysaccharide induced tissue destruction seen 
in periodontitis.[13]

WOUND HEALING
1,25(OH)2D/VDR signaling promotes proliferation and 
d i f f e r en t i a t i on  o f  ke r a t i nocy t e s  and  mob i l i z a t i on  o f 
monocytes/macrophages in the early phase of tissue healing.In vivo 
experiments conducted in VDR-decient laboratory animals show 
impaired granulation tissue formation, characterized by decreased 
vascularization,and poor extracellular matrix composition.[32]

VITAMIN D DEFICIENCY
It is estimated that worldwide, approximately 1 billion people suffer 
Vitamin D deciency.[26] The plasma 25(OH)D levels >30 ng/mL are 
considered sufcient, with 40–60 ng/mL  being the preferred 
range.[27] Vitamin D deciency is dened as plasma 25(OH)D levels 
below 25 nmol/l and levels below 12 nmol/l are considered as a state of 
severe deciency, which may cause osteomalacia.[28]

VITAMIN D SUPPLEMENTATION
 The traditional and most cost-effective way of obtaining vitamin D is 
through sunlight.[29]Vitamin D obtained from dietary sources is 
relatively low (except fatty sh=100–1000 IU) so there arises a need 
for vitamin D supplementation.[30]D2 and D3 forms of Vitamin D are 
available as dietary supplements containing 300– 400 IU/capsule.The 
treatment of Vitamin D-decient individuals should start by 50,000 IU 
of Vitamin D for 8–12 weeks.A single dose of 50,000 IU of D2 or D3 
produces a similar increase in the total 25(OH)D concentration. 
However, D3 is considered more effective than D2 primarily to 
differences in serum half-life as D3 has a longer half-life;thus,it 
reduces the frequency of the doses required.[34]

After completion of the initial repletion phase, patient can be kept on 
maintenance dose which includes either 50,000 IU Vitamin D2/D3 
every 2 weeks or 1000–2000 IU Vitamin D3 daily or the exposure of 
sunlight UVB rays for 5–10 minutes.[31]
                
A study demonstrated,Vitamin D supplementation per day for 3 years 
reduced the risk of tooth loss by 60%.However,the major limitation of 
this investigation was that the study included the supplementation of 
calcium along with Vitamin D; therefore, the effects of Vitamin D 
alone could not be studied.[29]

CONCLUSION
Vitamin D plays important role in maintaining and proper functioning 
of periodontium. Deciency of vitamin D and VDR polymorphism 
may increase the severity of periodontitis. Thus, further research in 
vitamin D is needed to make important contributions in the treatment 
of periodontitis.
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