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Abstract: Objectives: The goal of this study was to assess if endogenous 1,25(OH)2D deficiency enhanced, where-
as exogenous 1,25(OH)2D3 supplementation alleviated alveolar bone loss and gingival inflammation induced by 
ligature-induced periodontitis. Methods: A model of ligature-induced experimental periodontitis was generated in 
wild-type (WT) and Cyp27b1-knockout (KO) mice on a rescue diet (RD), and un-ligated genotype-matched littermates 
as control, or in WT mice on a normal diet (ND) with vehicle treatment or 1,25(OH)2D3 treatment, and un-ligated 
WT littermates as control. Alveolar bone mass and turnover, T cell infiltration and inflammatory cytokines in gingival 
tissues were examined. Results: In WT mice, ligature-induced alveolar bone loss occurred by inhibiting alveolar 
bone formation. This was characterized by reduction of osteoblast numbers, alkaline phosphatase activity and type 
I collagen synthesis, as well as by augmentation of osteoclastic alveolar bone resorption and gingival inflammation, 
including increases of osteoclast numbers, inflammatory positive cells and up-regulation of mRNA expression levels 
of inflammatory cytokines. Alveolar bone destruction and gingival inflammation were more severe in diet-matched 
Cyp27b1-KO mice than in WT littermates on RD. Supplementation of exogenous 1,25(OH)2D3 alleviated alveolar 
bone loss and gingival inflammation in ligated WT mice on ND, but those parameters did not reach levels observed 
in un-ligated WT ones. Conclusions: Endogenous 1,25(OH)2D deficiency enhanced, whereas exogenous 1,25(OH)2D3 
supplementation alleviated alveolar bone loss and gingival inflammation induced by ligature-induced periodontitis.
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Introduction 

Periodontitis, a chronic infectious disease, is 
characterized by the dynamic balance bet- 
ween bacterial invasion and host defense. The 
inflammatory reaction caused by local bacteria 
and plaque results in periodontal pocket for- 
mation, loosening of tooth attachment and 
alveolar bone resorption, eventually causing 
tooth loss [1, 2]. It may even become an infec-
tious focus and endanger human systemic 
health [3]. There is mounting evidence regard-
ing the relationship between periodontitis and 
many chronic diseases, such as diabetes, car-
diovascular and metabolic diseases. There- 
fore, exploring effective methods to prevent 
and treat periodontal disease is of great sig- 

nificance to promote human oral health and 
improve general health and the quality of life.

Vitamin D is a fat-soluble vitamin. The native 
animal form is cholecalciferol (also known as 
vitamin D3). Vitamin D3 needs to be hydroxy- 
lated twice to become activated. Firstly, it is 
transformed into 25 hydroxyvitamin D by the 
action of 25 hydroxylase (Cyp27a1) in liver,  
and then into 1,25-dihydroxyvitamin D3 
(1,25(OH)2D3) by the 1α-hydroxylase (Cyp27b1) 
in kidney. 1,25(OH)2D3 then combines with the 
vitamin D receptor (VDR) in target tissues to 
exert biological functions [4, 5].

VDR is not only located in target organs related 
to calcium and phosphorus regulation, such as 
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intestine, bone, kidney and parathyroid gland, 
but is also widely expressed in almost all  
organs of the whole body [6]. In addition, 
Cyp27b1 is found not only in kidney, but also  
in more than ten organs outside the kidney [7]. 
Therefore, activated vitamin D exerts a role 
beyond the promotion of calcium and phospho-
rus homeostasis and bone health. Thus, it has 
been found that active vitamin D has a regula-
tory role in differentiation, proliferation and 
activation of immune and inflammatory cells 
[8]. In addition, recent evidence has been pre-
sented the association of aging-related sys- 
temic inflammation and inflammation-related 
diseases with vitamin D [8, 9]. Epidemiological 
studies have also found that certain VDR gene 
polymorphisms are associated with periodon-
tal disease [10]. According to these observa-
tions, it is possible that vitamin D was poten-
tially involved in periodontal homeostasis.

Evidence regarding the relationship between 
vitamin D and periodontitis has been provided 
by studies showing that patients with periodon-
titis have lower levels of serum 25(OH)D, and 
periodontitis patients [11-14] treated with vita-
min D have less markers of inflammation. Vita- 
min D treatment has been reported to inhibit 
periodontal destruction in animal models of 
experimental periodontitis [15-17]. However, 
other studies in animals [18] found that vita- 
min D combined with conventional periodontal 
treatment did not have a positive effect on in- 
flammation of the gingiva, or on alveolar bone 
when compared with traditional periodontal 
treatment alone. Furthermore, most interven-
tional studies with vitamin D in human inflam-
matory diseases have proven to be inconclu-
sive [8]. The actions and mechanisms of vita- 
min D in periodontal disease therefore remain 
elusive and need to be further explored.

To assess the action of the active form of vita-
min D, i.e. 1,25(OH)2D, we and others develop- 
ed a mouse model with absence of 1,25(OH)2D 
by genetic deletion or “knockout” (KO) of the 
Cyp27b1 (1α-hydroxylase) [19, 20]. We have 
previously found that 1,25(OH)2D possesses 
anti-osteoporotic properties through alleviating 
oxidative stress and cell senescence [21, 22]. 
Cyp27b1-KO mice also develop erosive osteo-
arthritis, defects in mandibular bone mineral-
ization, and degradation in periodontal tissues 
[23, 24]. However, the action of the 1,25(OH)2D 
on periodontitis and its related mechanisms 

were not fully clarified. Therefore, the current 
study further assessed the function of 
1,25(OH)2D on periodontal destruction and 
inflammatory markers using an experimental 
periodontitis mouse model in the absence or 
presence of the Cyp27b1 [i.e., in Cyp27b1-KO 
mice and in wild-type (WT) littermates, respec-
tively] and before or after treatment with exog-
enous 1,25(OH)2D3. Mouse phenotypes were 
analyzed by histology, histopathology, and mo- 
lecular biology methods. We further measured 
the inflammatory indicators such as CD3 posi-
tive T cells, nuclear factor-кB p65, interleukins, 
tumor necrosis factor and matrix metallopro-
teinases because the above biomarkers were 
related with the severity of periodontitis [25]. 

Materials and methods

Animals 

Experimental periodontitis was induced by 
inserting 5-0 silk thread ligatures around the 
maxillary second molars of the mice as previ-
ously described [26]. After 2 weeks of ligature, 
all mice were humanely sacrificed, and the  
phenotypes of their maxillae were analyzed. 
The animal use protocol has been reviewed 
and approved by the Animal Ethical and Wel- 
fare Committee (IACUC-2002016).

The generation of Cyp27b1-KO and WT mice 
was conducted as previously described [19]. 
After weaning, all mice were fed a rescue  
diet (RD) to normalize the serum calcium and 
phosphorus levels in Cyp27b1-KO mice. Ten-
week-old sex-matched Cyp27b1-KO and WT  
littermates were used to explore whether 
1,25(OH)2D deficiency enhanced periodontitis. 
In WT mice, one group was ligated (n=5; 
WT+Ligature) and one group was un-ligated 
(n=5; WT+Sham), while in Cyp27b1-KO mice, 
one group was ligated (n=5; KO+Ligature) and 
one group was un-ligated (n=5; KO+Sham).

Ten-week-old female WT mice on a normal diet 
(ND) were used in the study to assess if treat-
ment of exogenous 1,25(OH)2D3 alleviated peri-
odontitis. Animals were randomly assigned to 
three groups: 1) an un-ligated group injected 
intraperitoneally with vehicle (normal saline 
containing 1% ethanol) as a control group (n= 
5; Sham+Vehicle); 2) a ligation group injected 
intraperitoneally with vehicle (n=5; Ligature+ 
Vehicle); 3) a ligation group supplemented with 
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1,25(OH)2D3 injected intraperitoneally at a  
dose of 0.3 μg/kg/d of 1,25(OH)2D3 (Sigma,  
St. Louis, MO, USA) [27, 28] (n=5; Ligature+ 
1,25(OH)2D3). 1,25(OH)2D3 was dissolved in 
ethanol and further diluted with 300 μL PBS to 
a final 0.9% concentration and injected daily 
from the first day after the ligation.

Mice were maintained in the pathogen-free sit-
uation. All experimental steps involved in this 
study were carried out in strict accordance with 
the guidelines of the Institute of experimental 
animals of Nanjing Medical University (approval 
number: IACUC-1802007).

Serum biochemical analyses 

Serum calcium, phosphorus and 1,25(OH)2D3 
levels of mice were measured as previously 
described [29].

Microtomography (μCT)

Maxillae were isolated and analyzed using μCT 
based on previous methods [30]. For maxilla 
reconstruction, the ROI (region of interest) was 
in the region under the furcation roof and the 
root apex of the maxillary second molar. The 
parameter of BMD (bone mineral density) was 
measured in the ROI based on a previously 
described method [31].

Tissue samples and histology 

The right maxillae were fixed and decalcified as 
previously described [32]. The specimen was 
then embedded in paraffin wax and 5-μm sec-
tions were harvested in the mesio-distal plane. 
Samples were routinely stained with H&E (he- 
matoxylin and eosin), or total collagen, or ALP 
(alkaline phosphatase) or TRAP (tartrate-resis-
tant acid phosphatase) as previously described 
[10]. Alveolar bone height loss (ABHL), which 
was measured between the roof of furcation 
and the crest of alveolar bone in the area of the 
second molar, was evaluated based on H&E 
staining. Alveolar bone volume, which was mea-
sured in the ROI, was evaluated based on total 
collagen staining. The gingivae of the left maxil-
lary molars were dissected for RNA extraction.

Immunohistochemistry 

Type I collagen (Col-I), CD3 and NF-кB p65 
(nuclear factor-кB p65) were examined by im- 
munohistochemistry as described previously 

[30]. Briefly, immuno-histochemical staining 
was carried out based on the avidin-biotin-per-
oxidase complex technique with affinity-puri- 
fied rabbit anti-mouse Col-I, CD3 and NF-кB 
p65 antibody (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), and with secondary antibody 
(biotinylated goat anti-mouse IgG, Sigma). Sec- 
tions were incubated using the Vectastain Elite 
ABC reagent (Vector Laboratories).

Real-time RT-PCR

RNA was isolated from the gingivae of maxillary 
second molars with TRIzol reagent. RT-PCRs 
were performed based on a previous method 
[33], and the sequences of PCR primers were 
used as our previous study [30]. Briefly, reverse 
transcription reactions were conducted using 
the SuperScript First-Strand Synthesis System 
(Invitrogen). The specificity of primers was test-
ed by conventional PCR, and then all primers 
were used for real-time RT-PCR quantitative 
analysis. After normalization of β-actin mRNA, 
results of the relative amount of mRNA were 
measured using SDS 7300 software. 

Statistical analysis

Data are demonstrated as the mean ± SEM, 
and comparisons of differences among groups 
were conducted through a one-way ANOVA fol-
lowed by Bonferroni’s test. P values <0.05 were 
believed statistically significant.

Results

Increased alveolar bone loss in Cyp27b1-KO 
mice with ligature-induced periodontitis 

The levels of serum calcium and phosphorus 
were normal, but the serum 1,25(OH)2D level 
was undetectable in 12-week-old sham and 
ligated Cyp27b1-KO mice (Figure 1A-C). After 2 
weeks of the sham ligation or ligature, maxillae 
from WT+Sham, WT+Ligature, KO-sham and 
KO-ligature mice were analyzed using µCT and 
histology. ABHL, BMD and total collagen area 
relative to tissue area were analyzed. The 
results showed that ABHL were significantly 
increased in both WT+ and KO+Ligature mice 
relative to genotype-matched sham mice and 
were increased more dramatically in KO+Liga- 
ture mice relative to WT+Ligature ones (Figure 
1F and 1H). Significant differences of ABHL in 
root furcation area were detected between 
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Figure 1. Increased alveolar bone resorption in ligature-induced Cyp27b1-KO mice. (A) Calcium, (B) phosphorus 
and (C) 1,25(OH)2D3 levels in serum. (D) 3D and (E) 2D Micro-CT reconstructed maxillae from WT-sham, WT-ligature, 
KO-sham and KO-ligature ones. (F) Images of maxillae stained with H&E. (G) Images of maxillae stained with total 
collagen. (H) Alveolar bone height loss (ABHL) which was measured as the distance between the roof of furcation 
and the crest of alveolar bone in the area of the second molar (M2) based on the H&E image. (I) BMD of ROI. (J) The 
percent collagen positive area in the alveolar bone of the M2. Values are mean ± s. e. m. **: P<0.01, ***: P<0.001, 
compared with genotype-matched sham mice; #: P<0.05, ##: P<0.01, compared with WT-sham or WT-ligature ones, 
respectively.

WT+ and KO+Sham mice. BMD and total colla-
gen area were significantly reduced in both 
WT+ and KO+Ligature mice relative to geno-

type-matched sham mice and were reduced 
more dramatically in KO+Sham and KO+Liga- 
ture mice relative to WT+Sham and WT+Liga- 
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Figure 2. Changes of alveolar bone turnover in ligature-induced Cyp27b1-KO mice. A. Images of maxillae stained 
with H&E. B. Images of maxillae stained with ALP. C. Images of maxillae stained immunohistochemically with Col-I. 
D. Images of maxillae stained histochemically for TRAP. E. The osteoblast numbers per mm bone perimeter (N.Ob/B.
Pm, #/mm) was measured based on H&E-stained images. F. ALP positive area. G. Col-I positive area. H. The number 
of TRAP-positive osteoclasts per mm bone perimeter (N.Oc/B.Pm, #/mm). Values are mean ± s. e. m. *: P<0.05, 
**: P<0.01, ***: P<0.001, compared with genotype-matched sham mice; #: P<0.05, ##: P<0.01, compared with 
WT-sham or WT-ligature mice, respectively. 

ture mice, respectively (Figure 1D, 1E, 1G, 1I 
and 1J). These results demonstrated that liga-
ture resulted in alveolar bone loss in both WT 
and KO mice, however, absence of 1,25(OH)2D 
aggravated ligature-induced alveolar bone re- 
sorption.

Changes of alveolar bone turnover in Cyp27b1-
KO mice with ligature-induced periodontitis 

There were significant reductions of osteoblast 
numbers, ALP and type I collagen areas in both 

WT+ and KO+Ligature mice relative to geno-
type-matched sham mice, and in both KO+ 
Sham and KO+Ligature mice relative to WT+ 
Sham and WT+Ligature mice, respectively 
(Figure 2A-C, 2E-G). In contrast, TRAP positive 
osteoclast numbers were significantly greater 
in both WT+ and KO+Ligature mice relative to 
genotype-matched sham mice, and also were 
significantly more in KO+Sham and KO+Liga- 
ture mice relative to WT+Sham and WT+Liga- 
ture mice, respectively (Figure 2D and 2H). 
These results reveal that both ligature and 
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Figure 3. Enhanced T cell infiltration and proinflammatory cytokine-related genes in ligature-induced Cyp27b1-
KO mice. A. Images of maxillary tissues stained immunohistochemically with CD3. B. Images of maxillary tissues 
stained immunohistochemically for NF-кB p65. C. The numbers of CD3 positive cells. D. The numbers of NF-кB p65 
positive cells. E-H. Real-time RT-PCR was conducted on extracts of gingivae for the gene expression of IL-1β, TNF-α, 
MMP3 and MMP8. Values are mean ± s. e. m. of 5 determinations per group. **: P<0.01, ***: P<0.001, compared 
with genotype-matched sham ones; #: P<0.05, compared with WT-sham or WT-ligature ones, respectively. 

absence of 1,25(OH)2D aggravated periodontal 
bone loss, which was related with inhibition of 
osteoblastic formation and augmentation of 
osteoclastic resorption.

Enhanced T cell infiltration and proinflammato-
ry cytokine-related genes in Cyp27b1-KO mice 
with ligature-induced periodontitis

In order to explore the effect of 1,25(OH)2D on 
periodontal inflammation, some proinflamma-
tory cytokines in gingiva were measured. We 
found that the numbers of CD3+ and NF-κB 
p65+ cells, and mRNA expression levels of 

interleukin-1β (IL-1β), tumor necrosis factor-α 
(TNF-α), matrix metalloproteinases-3 and -8 
(MMP3 and MMP8), were significantly higher  
in both WT+ and KO+Ligature mice relative to 
genotype-matched sham mice and were also 
significantly greater in KO+Sham and KO+ 
Ligature mice relative to WT+Sham and WT+ 
Ligature mice, respectively (Figure 3). These 
results indicate that alveolar bone destruction 
induced by ligature and aggravated by absence 
of 1,25(OH)2D were associated with increased 
T cell infiltration and proinflammatory cytokine 
production.
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Figure 4. Alleviated alveolar bone resorption in ligature-induced mice treated with 1,25(OH)2D3. A. Calcium levels 
in serum. B. Phosphorus levels in serum. C. 1,25(OH)2D3 levels in serum. D. 3D and 2D Micro-CT reconstructed 
maxillae from Sham+Vehicle, Ligature+Vehicle and Ligature+1,25(OH)2D3 mice. E. BMD of ROI. F. Images of maxil-
lae stained with H&E. G. Alveolar bone height loss (ABHL) which was defined as the distance between the roof of 
furcation and the crest of alveolar bone in the area of M2 based on H&E image. H. Images of maxillae stained with 
total collagen. I. Percent of collagen+ area in the alveolar bone of the M2. Values are mean ± s. e. m. *: P<0.05, 
**: P<0.01, compared with Sham+Vehicle group; #: P<0.05, ##: P<0.01, compared with Ligature+Vehicle group. 

Alleviated alveolar bone loss in the ligature-
induced mice treated with 1,25(OH)2D3

To assess the action of 1,25(OH)2D3 supple-
mentation on periodontal bone in mice with 
experimental periodontitis, 10-week-old WT 
mice on ND were un-ligated as sham control 
(Sham+Vehicle) or ligated with vehicle treat-
ment (Ligature+Vehicle) or with 1,25(OH)2D3 
treatment (Ligature+1,25(OH)2D3). After 2 we- 

eks, the levels of serum calcium, phosphorus 
and 1,25(OH)2D, ABHL, BMD and total col- 
lagen+ area relative to tissue area were ana-
lyzed. We found that serum calcium and phos-
phorus were not altered, whereas the serum 
1,25(OH)2D level was increased significantly in 
12-week-old ligated WT mice with 1,25(OH)2D 
treatment when compared with sham or liga- 
ted WT mice with vehicle treatment (Figure 
4A-C). ABHL was significantly enhanced in 
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Figure 5. Changes of alveolar bone turnover in ligature-induced mice treated with 1,25(OH)2D3. A. Images of maxil-
lae stained with ALP. B. ALP positive area. C. Images of maxillae stained with Col-l. D. Col-I positive area. E. Images 
of maxillae stained with TRAP. F. The number of TRAP+ osteoclasts per mm bone perimeter (N.Oc/B.Pm, #/mm). 
Values are mean ± s. e. m. *: P<0.05, **: P<0.01, compared with Sham+Vehicle group; #: P<0.05, ##: P<0.01, 
compared with Ligature+Vehicle group.

Ligature+Vehicle mice relative to Sham+Vehi- 
cle mice, but was significantly alleviated in 
Ligature+1,25(OH)2D3 mice relative to Liga- 
ture+Vehicle (Figure 4F and 4G). BMD and  
total collagen+ areas were significantly lower in 
Ligature-Vehicle mice relative to Sham+Vehicle 
mice, but were significantly higher in Ligature-
1,25(OH)2D3 mice relative to Ligature+Vehicle 
(Figure 4D, 4E, 4H and 4I). However, all param-
eters related to alveolar bone mass in Liga- 
ture+1,25(OH)2D3 mice did not reach the levels 
of Sham+Vehicle mice (Figure 4D-I). These 
results proved that 1,25(OH)2D3 supplementa-
tion could alleviate alveolar bone degradation 
caused by ligature-induced periodontitis.

Changes of alveolar bone turnover in the liga-
ture-induced mice treated with 1,25(OH)2D3

We found that ALP and type I collagen+ areas 
were significantly less in Ligature+Vehicle mice 
relative to Sham+Vehicle mice, but were sig- 
nificantly more in Ligature+1,25(OH)2D3 mice 
compared with Ligature+Vehicle mice (Figure 

5A-D). In contrast, TRAP+ osteoclast numbers 
were significantly greater in Ligature+Vehicle 
mice relative to Sham+Vehicle mice, but were 
significantly fewer in Ligature+1,25(OH)2D3 
mice compared with Ligature+Vehicle mice 
(Figure 5E and 5F). The parameters relat- 
ed to alveolar bone turnover in Ligature+ 
1,25(OH)2D3 mice did not however reach the 
levels observed in Sham+Vehicle mice (Figure 
5). Nevertheless, these results indicate that 
1,25(OH)2D3 might play a positive role in alveo-
lar bone turnover.

Reduced T cell infiltration and proinflammatory 
cytokine-related genes in the ligature-induced 
mice treated with 1,25(OH)2D3

We found that the numbers of CD3 and NF-κB 
p65 positive cells, mRNA levels, such as IL-1β, 
TNF-α, MMP3 and MMP8, were significantly 
greater in Ligature+Vehicle group relative to 
Sham+Vehicle group, however, they were sig-
nificantly less in Ligature+1,25(OH)2D3 group 
relative to Ligature+Vehicle group. Neverthe- 
less, they did not reach the levels observed in 
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Figure 6. Reduced T cell infiltration and proinflammatory cytokine-related genes in ligature-induced mice treated 
with 1,25(OH)2D3. A. A negative isotype control image of CD3. B. A negative isotype control image of NF-кB p65. 
C. Images of maxillary tissues stained with CD3. D. The numbers of CD3 positive cells. E. Images of maxillary tis-
sues stained with NF-кB p65. F. The numbers of NF-кB p65 positive cells. G-J. Real-time RT-PCR was conducted 
on extracts of gingivae for the gene expression of IL-1β, TNF-α, MMP3 and MMP8. Values are mean ± s. e. m. of 5 
determinations per group. *: P<0.05, **: P<0.01, ***: P<0.001, compared with Sham+Vehicle group; #: P<0.05, 
##: P<0.01, compared with Ligature+Vehicle group.

Sham+Vehicle group (Figure 6). The above re- 
sults indicate that treatment with 1,25(OH)2D3 
could mitigate ligature-induced alveolar bone 
resorption by inhibiting inflammation.

Discussion

We recently reported that absence of 
1,25(OH)2D in mice could lead to periodon- 
tal bone resorption and gingival inflammation 
[30]. However, it is unclear whether loss of 
1,25(OH)2D function aggravates inflammatory 
bone loss in periodontitis. Therefore, we gener-
ated a model with ligure-induced periodontitis 

in WT and Cyp27b1-KO mice on RD and com-
pared their maxillary phenotypes with geno- 
typing-matched sham control ones. To exclude 
the effects of calcium and phosphorus, sham 
and ligated WT and Cyp27b1-KO mice were  
fed RD, and our results demonstrated that lev-
els of calcium and phosphorus in serum were 
normal in sham or ligated WT and Cyp27b1-KO 
mice, whereas levels of 1,25(OH)2D in serum 
were undetectable in both sham and ligated 
Cyp27b1-KO mice. The above results are in 
accordance with our other findings [22] and 
indicate that such mice can be used to in- 
vestigate the deletion of 1,25(OH)2D per se on 



Role of 1,25(OH)2D in ligation-induced periodontitis

3088 Am J Transl Res 2022;14(5):3079-3091

inflammatory bone loss in experimental peri- 
odontitis.

The mouse ligature-induced periodontitis mo- 
del is thought to mimic human periodontitis 
[26]. In this study, we employed this model  
and demonstrated that in WT mice, bone loss 
after ligation was the result of inhibiting bone 
formation and enhancing bone resorption and 
inflammation in periodontium. Furthermore, 
inflammatory bone degradation was more se- 
vere in ligated mice deficient in 1,25(OH)2D. In 
view of our current studies demonstrating a 
pathogenetic role of vitamin D deficiency in lig-
ature-induced periodontitis, even in the pres-
ence of normal serum calcium and phosphate, 
vitamin D deficiency might also be considered 
an independent risk factor for the develop- 
ment of periodontal disease [34]. This is sup-
ported by a systematic review and meta-analy-
sis which revealed lower levels of 25(OH)D in 
serum in patients with chronic periodontitis 
compared with healthy controls [12]. 

It has been reported that in an experimental 
periodontitis mouse model, supplementation 
of 25(OH)D or 1,25(OH)2D3 ameliorated peri-
odontitis [15-17]. Short-term treatment of vita-
min D3 contributed to raised 25(OH)D levels in 
serum and improved periodontal attachment 
loss in patients with periodontitis who received 
nonsurgical periodontal therapy [35]. However, 
a recent report concluded that the action of 
vitamin D treatment as an adjunct to non- 
surgical periodontal therapy is unclear becau- 
se of the lack of available studies [12]. In the 
current study, we found that supplementation 
of 1,25(OH)2D3 alleviated alveolar bone loss by 
stimulating periodontal bone formation and 
inhibiting osteoclastic alveolar bone resorption 
in ligated WT mice on ND. Furthermore, treat-
ment of 1,25(OH)2D3 mitigated gingival inflam-
mation in ligature-induced periodontitis. We 
recently reported that exogenous 1,25(OH)2D3 
could improve osteoporosis due to natural 
aging or absence of 1,25(OH)2D [21]. A previ-
ous study reported that 1,25(OH)2D3 influenc- 
ed proliferation and homing of T cell [36]. The 
expression intensity of NF-κB appears to in- 
crease with the severity of the lesion in gingivi-
tis and periodontitis [37]. Vitamin D analogues 
can down-regulate NF-κB p65 nuclear translo-
cation, and significantly mitigate the expres-
sion of pro-inflammatory chemokines, so as to 
inhibit the inflammatory response [38]. Human 

gingival epithelial cells could converse vita- 
min D to 25(OH)D3 and subsequently to 
1,25(OH)2D3, and topical use of both 25(OH)D 
or 1,25(OH)2D3 resulted in inhibition of pro-
inflammatory cytokine expression in mice [39]. 
Other studies also showed that 1,25(OH)2D3 
decreased NF-κB p65 phosphorylation, and 
expression levels of IL-1β protein in gingival  
epithelium [15]. Results from our current study 
suggest that 1,25(OH)2D3 alleviated alveolar 
bone loss and gingival inflammation in part by 
inactivating NF-κB signaling pathway, support-
ing the anti-inflammatory role of 1,25(OH)2D3. 

To date, however, investigations concerning 
inflammatory and immune diseases treated 
with vitamin D were inconclusive in humans. 
Results from our ongoing studies using 
Cyp27b1 KO mice have demonstrated that 
although serum 25(OH)D level is not decreas- 
ed in Cyp27b1 KO mice relative to WT ones 
[19], they display rickets, female infertility,  
male infertility, hypertension, premature aging, 
high incidence of multiple tumors and osteopo-
rosis [19, 21, 22, 29, 33, 40-45]. These re- 
sults suggest that sufficient 1,25(OH)2D level 
rather than 25(OH)D level is necessary for the 
prevention of vitamin D deficiency-induced dis-
eases. In human studies, as a result of declin-
ing renal function with age, a decrease in 
1,25(OH)2D production by approximately 50% 
has been reported [46]. In our recent study, we 
examined the protein expression levels of 1α- 
hydroxylase in kidney, intestine and bone of 3-, 
9- and 18-month-old WT mice using Western 
blots and found that they were progressively 
down-regulated [41]. These results support the 
view that supplementation of vitamin D in the 
elderly cannot prevent the occurrence and 
development of aging related diseases, mainly 
because, at least renal 1α-hydroxylase ex- 
pression is too low to synthesize sufficient 
1,25(OH)2D. The prevalence of periodontitis is 
even higher in the elderly adult population. It 
has been approximated that roughly two-thirds 
of Americans 65 years of age and older have 
moderate to severe periodontitis [47]. There- 
fore, we suggest that 1,25(OH)2D3 rather than 
vitamin D3 should be supplemented in the pop-
ulation with periodontitis.

In conclusion, 1,25(OH)2D deficiency can ag- 
gravated, whereas exogenous 1,25(OH)2D3  
supplementation alleviated bone loss and gin-
gival inflammation caused by ligature-induced 
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periodontitis, supporting that absence of 
1,25(OH)2D might be believed a risk factor  
for the etiology of periodontal disease and 
1,25(OH)2D3 supplementation could be used  
as an adjunct of periodontal therapy.
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