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Generalized aggressive periodontitis

(GAgP) is a form of periodontal

infection that mainly affects young

people. It is characterized by the rapid

destruction of periodontal tissues and

can lead to early tooth loss (1). The

aggressive nature and the early onset of

the disease are dependent on many

factors, including patient susceptibility

to infection (2). It is well recognized

that local periodontal infection can

elicit a systemic response by the host

and lead to increased levels of systemic

inflammatory markers, including the

leukocyte count, and C-reactive pro-

tein and interleukin-6 (IL-6) levels,

some of which are predictive markers

for systemic diseases (3–5).

Vitamin D-binding protein (DBP),

also known as group-specific compo-

nent, is a plasma a2-globulin with a
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Background and Objective: Vitamin D-binding protein (DBP) is a multifunctional

and highly expressed plasma protein. Among its diverse roles, including those in

the immune and inflammatory responses, it is the primary carrier of vitamin D,

which has been implicated in periodontitis. We hypothesized that there is a

correlation between systemic DBP levels and generalized aggressive periodontitis

(GAgP).

Material and Methods: Forty-four patients with GAgP and 32 healthy controls

were recruited. Clinical parameters were examined, including the mean bleeding

index, probing depth, attachment loss and percentage of severely affected sites.

Blood chemistry analyses were performed for each subject. Plasma levels of DBP,

interleukin-6 (IL-6) and procalcitonin (PCT) were measured using ELISAs, and

plasma levels of 25-hydroxy-vitamin D3 (25(OH)D3) were detected using a

radioimmunoassay.

Results: Significantly higher levels of plasma DBP, IL-6, PCT and 25(OH)D3, as

well as leukocyte counts, neutrophil counts and neutrophil percentages were found

in patients with GAgP compared with healthy controls (p < 0.05 for all). Multiple

linear regression analysis showed that the plasma DBP levels were significantly

correlated with GAgP, plasma PCT levels and smoking status (p < 0.05 for all).

In the GAgP group, the plasma DBP levels in smokers were significantly higher

than those in nonsmokers (p < 0.001).

Conclusion: Elevated plasma vitamin DBP levels are associated with GAgP.
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molecular mass of between 52 and

59 kDa. It is expressed and secreted

mainly by the liver. DBP is the major

carrier of vitamin D and has been

shown to have a direct effect on innate

cell functions, including activation of

macrophages, enhancing the chemo-

tactic activity of C5-derived peptides

and associating with the surfaces of

immune cells, such as neutrophils (6,7).

Furthermore, DBP is implied to be a

positive acute-phase reactant produced

by the liver. Its hepatic synthesis could

be regulated by proinflammatory

cytokines, including IL-6, as well as by

hormones (8).

Besides, DBP scavenges actins,

binds fatty acids and stimulates osteo-

clasts. It is a highly polymorphic serum

protein, and many of the polymor-

phisms are associated with susceptibil-

ity or resistance to a spectrum of

diseases, such as osteoporosis, thy-

roiditis, diabetes, chronic obstructive

pulmonary disease, AIDS, multiple

sclerosis, sarcoidosis and rheumatic

fever (6). Variations of DBP levels in

plasma are believed to be valuable

markers for some diseases, including

liver disease, sepsis, tuberculosis, cystic

fibrosis, Type 1 diabetes and, more

recently, ST-elevation myocardial

infarction (9–14).

Recently, Wu et al. compared the

proteomic profile of whole unstimu-

lated saliva in patients with GAgP with

those of healthy controls and identified

11 differentially expressed proteins.

DBP was among the six proteins with

elevated levels in patients with GAgP

(15). It is worth noting that vitamin D,

the major ligand of DBP, which has

been shown to have immunomodula-

tory effects, is proposed to be associated

with periodontal health (16). Previous

research from our group revealed a

relationship between 25-hydroxy-vita-

min D3 (25(OH)D3) and GAgP. Spe-

cifically, we reported that the plasma

levels of 25(OH)D3 were higher in

patients with GAgP than in healthy

controls, and were positively correlated

with an index of gingival bleeding (17).

It has also been shown that initial

periodontal therapy reduces both local

and systemic 25(OH)D3 levels (18).

In view of the roles of DBP in the

immune system and in the transport of

vitamin D, which is important in peri-

odontal health, we hypothesized that

there is a correlation between systemic

DBP levels and GAgP. Therefore, the

goal of the present study was to assess

the DBP levels in plasma of patients

with GAgP in comparison with healthy

controls, and to evaluate their corre-

lations with other inflammatory

markers. The findings could provide us

with an insight into the potential roles

of DBP in periodontitis, and extend

our knowledge regarding the associa-

tion between periodontitis and general

health.

Material and methods

Study population

Forty-four patients with GAgP were

selected from the outpatient clinic of

the Department of Periodontology at

the Peking University Hospital of

Stomatology, China. The diagnostic

criteria for GAgP were defined

according to the classification pro-

posed at the International Workshop

for the Classification of Periodontal

Diseases and Conditions in 1999, spe-

cifically: periodontal disease onset

before 35 years of age; at least eight

teeth (three or more of which were not

first molars or incisors) with a probing

depth of > 6 mm; and radiographic

evidence of alveolar bone loss. Thirty-

two periodontally healthy controls

were selected from the staff and stu-

dents at the School of Stomatology.

The inclusion criteria for the controls

were: no site with a probing depth of

> 3 mm or attachment loss; no bone

loss on radiographs; and < 10% of

sites with bleeding on probing. Sub-

jects were excluded if they had a con-

comitant systemic disease, had

undergone periodontal therapy within

the previous year, had received antibi-

otics within the previous 3 months,

were pregnant or were receiving vita-

min D or calcium supplements (e.g.

calcium carbonate, calcium lactate or

calcium gluconate). Each subject com-

pleted a questionnaire at the beginning

of the study, and age, height, weight,

body mass index (BMI) and smoking

status were also recorded. Smokers

were defined as subjects who were

currently smoking, and nonsmokers

were defined as subjects who had never

smoked or had ceased smoking. The

study was conducted with the informed

consent of all subjects, and the proto-

col was approved by the Ethics Com-

mittee of the Peking University Health

Science Center.

Clinical examination

A full-mouth periodontal examination

of each subject was conducted using a

Williams periodontal probe. Probing

depth and attachment loss were

recorded for each tooth at six sites

(mesial, distal and middle sites of both

the facial and lingual sides), with the

exception of the wisdom teeth. The

bleeding index (19) was also recorded

for each tooth. Sites with a probing

depth of > 6 mm and attachment loss

of > 5 mm were defined as sites of

severe periodontitis. For each patient,

a set of full-mouth peri-apical radio-

graphs was taken.

Blood collection and assessment

Fasting venous blood samples were

taken in a standardized manner. For

each subject, blood cell analysis was

performed using a hematology analyzer

(SYSMEX KX-21; Sysmex, Kobe,

Japan). The levels of DBP, IL-6 and

procalcitonin (PCT) in plasma samples

were determined using commercially

available ELISA kits (DBP kit: Bio-

Source Systems, Invitrogen, Grand

Island, NY, USA; IL-6 kit: R&D Sys-

tems, Inc., Minneapolis, MN, USA;

and PCTkit: USCNLIFE,Wuhan,HB,

China). The assays were performed

according to the manufacturers� proto-
cols. The lower limits of detection for

these assays were as follows: DBP,

7.81 lg/mL; IL-6, 0.16 pg/mL; and

PCT, 3.9 pg/mL. Plasma 25(OH)D3

levels were detected using a commer-

cially available radioimmunoassay kit

(DiaSorin, Stillwater,MN,USA)with a

lower normal limit of 3.75 nmol/L.

Statistical analysis

Variables were tested for normality

and equal variances using the Shapiro–

Wilk test and Levene�s test,
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respectively. Continuous normally dis-

tributed variables were reported as the

mean values plus or minus standard

deviation, whereas the median (lower

to upper quartile) was used to describe

non-normally distributed data. The

unequal variance t-test (for plasma

DBP and PCT levels) and the Mann–

Whitney U-test (for age, BMI, clinical

parameters, blood cell variables and

plasma IL-6 and 25(OH)D3 levels)

were used to identify any differences

between groups. Gender and smoking

status were compared using the chi-

square test and Fisher�s exact test,

respectively. The Pearson rank corre-

lation test (for normally distributed

variables) and Spearman�s rank corre-

lation (for non-normally distributed

data) were used to measure the asso-

ciation between the variables. Multiple

linear regression analysis was per-

formed using the plasma DBP level as

the outcome. Statistical analyses were

carried out using SPSS software, version

11.5 (SPSS Inc., Chicago, IL, USA),

and p-values < 0.05 were considered

statistically significant.

Results

The demographic and clinical variables

of the two groups and analyses of the

intergroup differences are shown in

Table 1. There were seven current

smokers in the GAgP group, whereas

none of the healthy controls smoked.

Subjects with GAgP had more higher

clinical index values than controls

(p < 0.001). No significant differences

were found in terms of age, gender and

BMI between the two groups.

The plasma DBP levels in the GAgP

group were significantly higher than

those in the control group (234.67 ±

49.51 lg/mL vs. 107.01 ± 21.85 lg/
mL, respectively; p < 0.001). Higher

leukocyte counts, neutrophil counts,

neutrophil percentages, plasma IL-6

levels, PCT levels and 25(OH)D3 levels

were found in the GAgP group com-

pared with the control group

(p < 0.05; Table 2).

The results presented in Table 3

show that the plasma DBP levels were

positively correlated with smoking

status, neutrophil count and neutrophil

percentage, and plasma IL-6 and PCT

levels (p < 0.05 for all). No associa-

tion was found between plasma DBP

levels and age, gender, BMI or plasma

25(OH)D3 levels (p > 0.05; Table 3).

A multiple linear regression analysis

was used to explore, in greater detail,

the relationships between plasma DBP

and the variables evaluated. The diag-

nosis of GAgP, smoking status, mean

probing depth, number of severely

affected sites, neutrophil percentages,

plasma IL-6 levels, PCT levels and

25(OH)D3 levels, as well as the poten-

tial confounders of age, gender and

BMI, were adjusted for in this model.

The results indicate that the diagnosis

of GAgP, plasma PCT levels and

smoking status were significantly cor-

related with plasma DBP levels

(p < 0.05; Table 4).

In the GAgP group, the plasma

DBP levels in smokers were signifi-

cantly higher than those in nonsmok-

ers (271.65 ± 11.22 lg/mL vs. 227.68

± 50.89 lg/mL, respectively, p <

0.001; Fig. 1). Among the nonsmokers,

the plasma DBP levels in the GAgP

group were significantly higher than

those in the control group (227.68 ±

50.89 lg/mL vs. 107.01 ± 21.85 lg/
mL, respectively, p < 0.001; Fig. 1).

Discussion

In the present study, we found that the

plasma DBP levels in patients with

GAgP were significantly higher than

those in normal control subjects and

that the levels were not only associated

with neutrophil counts and percentages

but also with plasma IL-6 and PCT

levels. These findings support our ini-

tial hypothesis and demonstrate a cor-

relation between elevated plasma DBP

levels and GAgP.

In addition, the plasma DBP levels

were associated with disease severity.

These findings are in accordance with

those obtained from a small study on

chronic periodontitis (20), which

focused on localized DBP levels in

salivary samples. Their results showed

that the DBP levels in the whole saliva

of patients with periodontitis were

significantly higher than those of either

dentulous or edentulous control sub-

jects, and were correlated positively

with the gingival index scores (21).

The plasma DBP levels were posi-

tively correlated with neutrophil

counts and neutrophil percentages, as

well as with plasma IL-6 levels; thus,

the increased levels of neutrophils and

IL-6 might contribute to the elevated

plasma concentrations of DBP in

patients with GAgP. This is reasonable

considering the previous findings that

DBP could be secreted by activated

neutrophils (22) and that IL-6 could

up-regulate the expression of DBP by

Table 1. Demographic and clinical variables

Variable

GAgP group

(n = 44)

Control group

(n = 32) p value

Age (years)a 27.00 (23.25–30.00) 24.00 (23.00–26.00) 0.064

Gender

(n; male/female)b
20/24 9/23 0.097

BMI (kg/m2)a 20.60 (18.97–22.59) 21.10 (20.00–22.08) 0.777

Smoking status

(n; smoker/

nonsmoker)c

7/37 0/32 0.019

Bleeding indexa 3.79 (3.35–4.00) 1.14 (1.10–1.19) < 0.001

Probing

depth (mm)a
4.73 (4.09–5.37) 1.41 (1.30–1.74) < 0.001

Attachment

loss (mm)a
4.47 (3.64–5.74) 0 < 0.001

Percentage of sites with

severe periodontitis %a
29.88 (15.55–47.34) 0 < 0.001

Data are given as median (lower quartile–upper quartile), or number of subjects.

Between-group comparisons were performed using the aMann–Whitney U-test, the
bchi-square test or cFisher�s exact test.
Values in bold indicate a statistically significant difference (p < 0.05).

BMI, body mass index; GAgP, generalized aggressive periodontitis.
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hepatocytes (8). In addition, the bind-

ing of DBP to neutrophil surfaces is

considered to be necessary for the

co-chemotactic activity of DBP, and

these binding sites are reported to be

up-regulated when neutrophils are

activated by lipopolysaccharide

(23,24).

In this study, the plasma 25(OH)D3

levels in patients with GAgP were sig-

nificantly higher than those in healthy

controls. The plasma DBP levels and

the 25(OH)D3 levels showed a trend to

be correlated, which implies a role for

DBP as part of the vitamin D axis in

periodontitis. The vitamin D axis,

which includes vitamin D, vitamin D

receptor and DBP, has recently

received much attention in systemic

diseases, such as lung diseases and

diabetes (13,25). Further studies need

to be carried out to obtain more details

on the roles of the vitamin D axis in

periodontitis. One explanation for the

weak and nonsignificant correlation

between plasma DBP levels and

25(OH)D3 levels might be the far

higher titers of DBP compared with

vitamin D metabolites (6). In fact,

besides binding vitamin D, DBP still

Table 2. Comparisons of the evaluated variables between the generalized aggressive peri-

odontitis (GAgP) group and the control group

Variable

GAgP group

(n = 44)

Control group

(n = 32) p value

DBP (lg/mL)b 234.67 ± 49.51 107.01 ± 21.85 < 0.001

Leukocytes (· 109/L)a 6.15 (5.10–7.05) 5.10 (4.50–6.20) 0.012

Neutrophils (· 109/L)a 4.05 (3.13–4.93) 2.90 (2.50–3.70) 0.001

Neutrophils (%)a 66.10 (58.98–71.23) 58.40 (53.20–63.38) < 0.001

IL-6 (pg/mL)a 2.30 (0.32–4.11) 1.13 (0.07–1.03) < 0.001

PCT (ng/mL)b 0.73 ± 0.39 0.35 ± 0.13 < 0.001

25(OH)D3 (nmol/L)a 25.50 (15.63–37.50) 15.25 (6–27.25) 0.006

Data are given as mean ± standard deviation or median (lower quartile–upper quartile).

Between-group comparisons were made using the aMann–Whitney U-test and the bunequal

variance t-test.

Values shown in bold indicate a statistically significant difference (p < 0.05).

25(OH)D3, 25-hydroxy-vitamin D3; DBP, vitamin D-binding protein; IL-6, interleukin-6;

PCT, procalcitonin.

Table 3. Correlations between plasma vitamin D-binding protein (DBP) levels and the

variables evaluated in the study cohort (n = 76)

Variables

Plasma DBP levels

R (Zero-order

correlation) p-value

Demographic parameters

Age 0.214a 0.064

Gender )0.210a 0.081

BMI 0.140a 0.227

Smoking status 0.400a < 0.001

Clinical parameters

Mean bleeding index 0.785a < 0.001

Mean probing depth 0.713a < 0.001

Mean attachment loss 0.756a < 0.001

Severely affected sites (%) 0.772a < 0.001

Blood cells

Leukocyte count 0.181a 0.121

Neutrophil count 0.303a 0.008

Neutrophil (%) 0.418a < 0.001

Plasma biomarkers

IL-6 0.404a < 0.001

PCT 0.629b < 0.001

25(OH)D3 0.229a 0.061

Zero-order correlation analysis was performed using aSpearman�s rank correlation analyses

and bPearson rank correlation analyses.

Bold numbers indicate a statistically significant difference (p < 0.05).

25(OH)D3, 25-hydroxy-vitamin D3; BMI, body mass index; IL-6, interleukin-6; PCT, pro-

calcitonin.

Table 4. Results of multiple regression of associations between plasma vitamin D-binding

protein (DBP) levels and the variables evaluateda in the study cohort (n = 76)

Standard b t-test p-value

Diagnosis 0.613 9.06 < 0.001

Plasma PCT levels 0.307 4.66 < 0.001

Smoking status 0.199 3.46 0.001

Whole model R2 = 0.814 F = 90.65 < 0.001

aThe variables evaluated in this model included the diagnosis of generalized aggressive

periodontitis (GAgP), age, gender, body mass index (BMI), smoking status, mean probing

depth, percentage of severely affected sites, neutrophil percentages, plasma interleukin-6 (IL-

6) levels, procalcitonin (PCT) levels and 25-hydroxy-vitamin D3 (25(OH)D3) levels.

Values shown in bold indicate statistically significant differences (p < 0.05).

7 3237N =

Control groupGAgP group
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a 
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Smoking status

Nonsmokers

Smokers

Fig. 1. Box-and-whisker plot illustrating

plasma vitamin D-binding protein (DBP)

levels in smokers and nonsmokers. In the

generalized aggressive periodontitis (GAgP)

group, the plasma DBP levels in smokers

were significantly higher than those in

nonsmokers (271.65 ± 11.22 lg/mL vs.

227.68 ± 50.89 lg/mL, respectively; p <

0.001). Among the nonsmokers, the plasma

DBP levels in the GAgP group were signif-

icantly higher than those in the control

group (227.68 ± 50.89 lg/mL vs. 107.01

± 21.85 lg/mL, respectively, p < 0.001).
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plays a part in the innate immune

response, which is also indicated by

our study.

PCT is an established serum marker

of infection. It circulates at very low

levels normally, but the levels increase

dramatically in cases of systemic

infection (26–28). The plasma PCT

levels in patients with GAgP were

found to be significantly higher than in

healthy controls. To the best of our

knowledge, this is the first report of an

association between elevated plasma

PCT levels and periodontitis. Although

novel, this finding is not surprising

considering that periodontitis is a

bacterial infection. The high correla-

tions found between plasma DBP lev-

els and plasma PCT levels were,

however, somewhat unexpected. Whe-

ther there is a direct link between these

two proteins, or whether they are

related through their individual asso-

ciation to other variables, is unknown

and requires further investigation.

In the present study, smoking status

was significantly different between

patients with GAgP and healthy

controls. There were no smokers in the

control group. However, the relation-

ship between plasma DBP levels and

GAgP in nonsmokers was similar to

that noted for the entire study cohort

(as shown in Fig. 1). In the adjusted

analysis that included smoking status

as a covariate, plasma DBP levels were

still correlated with the diagnosis of

GAgP.

Smoking is believed to have several

effects on the immune system and is

recognized as one of the most signifi-

cant risk factors for the development

and progression of periodontal disease

(29–33). In this study, smoking data

were obtained from the questionnaires

answered by the participants. From the

results, in the patients with GAgP,

higher plasma DBP levels were found

in smokers compared with nonsmok-

ers. With the limits of the small sample

size and possible discrepancies in

identifying the participants� true

smoking status, we interpret this result

to indicate that in subjects with GAgP,

smoking might increase the plasma

DBP levels. This finding strengthened

our belief that DBP has a mechanistic

role in the host immune response.

Most of the evidence for the func-

tion of DBP in the immune system and

host defenses has come from animal

studies and in vitro cell experiments.

There has been relatively little work

investigating the role of DBP in

inflammatory diseases, despite the

wealth of genetic studies. Possible

changes in the levels of DBP in local

and systemic fluids may provide us

with information regarding the

involvement of DBP in disease. In this

preliminary study, we showed a rela-

tionship between elevated plasma DBP

levels and GAgP, and revealed a high

correlation between plasma DBP and

plasma PCT levels. It is still unclear if

DBP is simply a marker of the disease

or reflective of a role for the protein in

pathogenesis. Further studies are war-

ranted to clarify this, as well as the

mechanisms involved with the associ-

ation of DBP with PCT.

Increased levels of serum DBP have

been identified as novel indicators of

coronary thrombosis in acute myocar-

dial infarction (14). DBP has also been

reported to reduce the inhibitory effect

of aspirin on thromboxane A2 produc-

tionwhen incubatedwith blood samples

from healthy volunteers, and this

inhibitory effect is themost important of

the antithrombotic functions of aspirin

(34). In the present study, we demon-

strated a novel association between ele-

vated plasma DBP levels and GAgP,

which increases our knowledge on the

associations between periodontal dis-

ease and general health. Periodontitis

might be a risk factor for recurrent vas-

cular events in patients who take aspirin

therapy, as patients with periodontitis

tend to have higher plasma DBP levels.

A longitudinal study regarding how

periodontal therapy influences plasma

DBP levels will be essential to confirm

the relationship between DBP and

periodontal inflammation.

Acknowledgements

This work was supported by grants

from the National Natural Science

Foundations of China (nos 30271411,

30471882 and 30973319); the National

Key Project of Scientific and Technical

Supporting Programs of China (nos

2002AA217091 and 2007BAZ18B02);

and the Clinical Research Fund, Min-

istry of Health P.R.C.

Competing interests

The authors declare that there are no

conflicts of interest in this study.

References

1. Anonymous. Parameter on aggressive

periodontitis. American academy of peri-

odontology. J Periodontol 2000;71:867–

869.

2. Meng H, Xu L, Li Q, Han J, Zhao Y.

Determinants of host susceptibility in

aggressive periodontitis. Periodontol 2000

2007;43:133–159.

3. Loos BG. Systemic markers of inflamma-

tion in periodontitis. J Periodontol

2005;76:2106–2115.

4. Shi D, Meng H, Xu L et al. Systemic

inflammation markers in patients with

aggressive periodontitis: a pilot study.

J Periodontol 2008;79:2340–2346.

5. Sun XJ, Meng HX, Shi D et al. Elevation

of C-reactive protein and interleukin-6

in plasma of patients with aggressive

periodontitis. J Periodontal Res 2009;44:

311–316.

6. Speeckaert M, Huang G, Delanghe JR,

Taes YE. Biological and clinical aspects of

the vitamin D binding protein (Gc-globu-

lin) and its polymorphism. Clin Chim Acta

2006;372:33–42.

7. White P, Cooke N. The multifunctional

properties and characteristics of vitamin

D-binding protein. Trends Endocrinol

Metab 2000;11:320–327.

8. Guha C, Osawa M, Werner PA, Galbraith

RM, Paddock GV. Regulation of human

Gc (vitamin D – binding) protein levels:

hormonal and cytokine control of gene

expression in vitro. Hepatology 1995;21:

1675–1681.

9. Gomme PT, Bertolini J. Therapeutic

potential of vitamin D-binding protein.

Trends Biotechnol 2004;22:340–345.

10. Jeng L, Yamshchikov AV, Judd SE et al.

Alterations in vitamin D status and anti-

microbial peptide levels in patients in the

intensive care unit with sepsis. J Transl

Med 2009;7:28.

11. Emmett M, Miller JL, Crowle AJ. Protein

abnormalities in adult respiratory distress

syndrome, tuberculosis, and cystic fibrosis

sera. Proc Soc Exp Biol Med 1987;184:74–

82.

12. Speeckaert MM, Wehlou C, Vandewalle

S, Taes YE, Robberecht E, Delanghe JR.

Vitamin D binding protein, a new nutri-

tional marker in cystic fibrosis patients.

Clin Chem Lab Med 2008;46:365–370.

13. Blanton D, Han Z, Bierschenk L et al.

Reduced serum vitamin D-binding protein

78 Zhang et al.



levels are associated with type 1 diabetes.

Diabetes 2011;60:2566–2570.

14. Gasparri C, Curcio A, Torella D et al.

Proteomics reveals high levels of vitamin D

binding protein in myocardial infarction.

Front Biosci (Elite Ed) 2010;2:796–804.

15. Wu Y, Shu R, Luo LJ, Ge LH, Xie YF.

Initial comparison of proteomic profiles

of whole unstimulated saliva obtained

from generalized aggressive periodontitis

patients and healthy control subjects.

J Periodontal Res 2009;44:636–644.

16. Van der Velden U, Kuzmanova D,

Chapple IL. Micronutritional approaches

to periodontal therapy. J Clin Periodontol

2011;38(suppl 11):142–158.

17. Liu K, Meng H, Tang X et al. Elevated

plasma calcifediol is associated with

aggressive periodontitis. J Periodontol

2009;80:1114–1120.

18. Liu K, Meng H, Lu R et al. Initial peri-

odontal therapy reduced systemic and local

25-hydroxy vitamin D(3) and interleukin-

1beta in patients with aggressive peri-

odontitis. J Periodontol 2010;81:260–266.

19. Mazza JE, Newman MG, Sims TN.

Clinical and antimicrobial effect of stan-

nous fluoride on periodontitis. J Clin

Periodontol 1981;8:203–212.

20. Krayer JW, Emerson DL, Goldschmidt-

Clermont PJ, Nel AE, Werner PA, Gal-

braith RM. Qualitative and quantitative

studies of Gc (vitamin D-binding protein)

in normal subjects and patients with peri-

odontal disease. J Periodontal Res

1987;22:259–263.

21. Loe H. The gingival index, the plaque

index and the retention index systems.

J Periodontol 1967;38(suppl):610–616.

22. Kew RR, Sibug MA, Liuzzo JP, Webster

RO. Localization and quantitation of the

vitamin D binding protein (Gc-globulin)

in human neutrophils. Blood 1993;82:274–

283.

23. DiMartino SJ, Trujillo G, McVoy LA,

Zhang J, Kew RR. Upregulation of

vitamin D binding protein (Gc-globulin)

binding sites during neutrophil activation

from a latent reservoir in azurophil

granules. Mol Immunol 2007;44:2370–

2377.

24. McVoy LA, Kew RR. CD44 and annexin

A2 mediate the C5a chemotactic cofactor

function of the vitamin D binding protein.

J Immunol 2005;175:4754–4760.

25. Chishimba L, Thickett DR, Stockley RA,

Wood AM. The vitamin D axis in the

lung: a key role for vitamin D-binding

protein. Thorax 2010;65:456–462.

26. Snider RH Jr, Nylen ES, Becker KL.

Procalcitonin and its component peptides

in systemic inflammation: immunochemi-

cal characterization. J Investig Med

1997;45:552–560.

27. Whang KT, Steinwald PM, White JC

et al. Serum calcitonin precursors in sepsis

and systemic inflammation. J Clin Endo-

crinol Metab 1998;83:3296–3301.

28. Becker KL, Nylen ES, White JC, Muller

B, Snider RH Jr. Clinical review 167:

Procalcitonin and the calcitonin gene

family of peptides in inflammation, infec-

tion, and sepsis: a journey from calcitonin

back to its precursors. J Clin Endocrinol

Metab 2004;89:1512–1525.

29. Barbour SE, Nakashima K, Zhang JB

et al. Tobacco and smoking: environmen-

tal factors that modify the host response

(immune system) and have an impact on

periodontal health. Crit Rev Oral Biol

Med 1997;8:437–460.

30. Kinane DF, Chestnutt IG. Smoking and

periodontal disease. Crit Rev Oral Biol

Med 2000;11:356–365.

31. Horning GM, Hatch CL, Cohen ME.

Risk indicators for periodontitis in a mil-

itary treatment population. J Periodontol

1992;63:297–302.

32. Locker D, Leake JL. Risk indicators and

risk markers for periodontal disease

experience in older adults living indepen-

dently in Ontario, Canada. J Dent Res

1993;72:9–17.

33. Beck JD, Koch GG, Offenbacher S. Inci-

dence of attachment loss over 3 years

in older adults – new and progressing

lesions. Community Dent Oral Epidemiol

1995;23:291–296.

34. Lopez-Farre AJ, Mateos-Caceres PJ,

Sacristan D et al. Relationship between

vitamin D binding protein and aspirin

resistance in coronary ischemic patients:

a proteomic study. J Proteome Res

2007;6:2481–2487.

Vitamin D-binding protein and periodontitis 79


