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ABSTRACT

Objectives: Vitamin D-binding protein (DBP) has a potent effect on immunity and
inflammation. To date, not much is known regarding the significance of DBP in relationship
between chronic periodontitis with systemic conditions and there is only a limited evidence
that exist. Hence, the aim of current study, which is first of its kind, was carried out to
analyze and correlate DBP levels in Crevicular fluid (GCF) and Serum, in periodontitis and
consequently, after periodontal therapy. Material and Methods: GCF and Serum was
sampled from each patient, and levels of DBP were analyzed by Immuno Assay (ELISA).
Outcomes were statistically analyzed. Results: The increase of DBP concentration in GCF
and serum in chronic periodontitis and decline in its value following nonsurgical freatment
of chronic periodontitis proves there is a positive correlation of DBP with the extent of
periodontal inflammation.Conclusion: To conclude, DBP levels in GCF are upregulated in
periodontitis and concomitantly there was a rise in DBP levels systemically. This suggests,
that DBP is involved in the pathogenesis of periodontitis and highlights our preliminary
evidence towards the possible role of DBP in the link between periodontitis and systemic
confinuum.
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INTRODUCTION

Periodontitis is a chronic localized
infection of the oral cavity that induces
inflammatory immune response  both
locally and systemically.(1) Although
microorganisms are considered to be the
etiologic agent that causes  this
inflammatory response , it is the mediators
of inflammation which plays a crucial role
in the destruction of periodontal support
(2) Amongst them Vitamin D binding
protein (DBP) a  monomeric, (3)
multifunctional glycoprotein  which has
defensive role independent of vitamin D
carriage, such as coactivating
macrophages, increasing the chemotaxis
of Cb5-derived peptides and associated
along the cellular surface of neutrophils
monocytes, B cells and T cells. (3, 4)

DBP is an acute-phase reactant
synthesized in parenchymal cells of
hepatic, in an integral manner (5) and
plasma concentration in healthy subject is
300-600 ug/ml, except during pregnancy
and esfrogen therapy state when a
substantial increase is seen by the liver. In
addition, it scavenges actins released from
necrotic cells, plays a part in bone
modulation and bacterial agglutination
.(4)

Overall, it is noteworthy observation
that DBP has a significant impact on
systemic  health. It is believed that
variations of plasma DBP levels are
valuable markers for some diseases, like
tuberculosis ,(6)Type 1 diabetes, (7) sepsis,
(8)cystic fibrosis (3) and  off lately ST-
elevation myocardial infarction, (?)asthma,
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COPD, cancer (10) and dementia. (11) In
terms of cardiovascular disease, high
expression of DBP protein has been found
in fresh thrombotic plagques and in the
serum of patients with ST elevated
myocardial infarction. (9)

With regard to periodontal health
and disease, DBP might exert a similar role
in  maintaining periodontal health. It s
considered periodontal fissues might be
another source of GCF DBP other than
serum .(12) Study by Zhang, Meng (12)
found that DBP is found in higher
concentration in GCF of healthy subjects
compared to subjects with Aggressive
Periodontitis (GAgP). It is evident that as
periodontal disease progresses there is a
decline in the Crevicular Fluid DBP levels
and concomitant increase in saliva (4, 13),
and plasma levels (12, 14) in GAgP. Further
it was noticed that, there was simultaneous
increase in DBP levels as the PMN raises in
plasma. Therefore, a strong clinical rational
exists for DBP levels and progression of
periodontitis.

Despites this, there is little known
regarding the association DBP with chronic
periodontitis and systemic health.
Therefore, the present study which is first of
its kind, is designed to explore the DBP
levels in the GCF and serum in periodontal
health and disease and to evaluate if
periodontal therapy has any influence on
serum and GCF DBP levels.

MATERIALS AND METHODS

Study subjects: Comprised 40 sex
matched individuals, around the age
group of 30-39, who were wiling fto
contribute and had given written informed
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consent.  Participating subjects were
referred from outpatient section,
Periodontics Department KCDS, Bangalore,
since January 2016 unftil March 2016. The
decorum of the study was permitted by
Ethical Board allied to the Rajiv Gandhi
University, Bengaluru, India. [KCDS
02_DO12_54544]

Inclusion /exclusion criteria: A full mouth
periodontal examination, which included
Gingival Index (Gl), Probing Pocket Depth
(PPD), Relative Attachment Loss (RAL),
Plaque Index (Pl) and orthopantomograph
(OPG) was performed for all individuals
included in the study. Based on the GI, PPD
and RAL, subjects were categorized into
two groups. Group 1(Periodontal health-
PH) comprised of 20 subjects with healthy
periodontium, PPD <3 mm, Gl <1 and RAL =
0 mm. Group 2a (Chronic periodontitis -
CP) involved 20 individuals who had signs
of clinical inflammation PPD = 5 mm, Gl =
2, and RAL =2 8 mm (in two noncontiguous
sites). Patients-in Group 2a. were treated
with nonsurgical therapy (i.e. SRP) formed
Group2b (After therapy chronic
periodontitis -ATCP) in whom Crevicular
fluid and serum was collected from the
original sites 3 months after treatment
(Figure 1). The diagnostic criteria for CP is
the classification anticipated at  the
Workshop intended for the Classification of
Periodontal Diseases and Conditions in

1999.(15)

Exclusion criteria included: Systemic
diseases that could influence the
periodontal disease progression for
instance multiple sclerosis, viral, fungal and
bacterial infections, diabetes mellitus,
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inflammatory bowel disease , rheumatoid
arthritis, cardiorespiratory  disease
pregnancy, lactation, history of smoking
around previous 5 years and  current
smoking , any periapical pathology, any
form of periodontal procedures or use of
any antibiotics or nonsteroidal anti-
inflammatory drugs (NSAIDS ) within the
duration of 6 months from baseline
examination,  aggressive periodontitis
subjects on Vitamin D supplements, and
recent orthodontic treatment.

Protocol for Non-surgical periodontal

freatment: All periodontitis patient were
given plaque control instructions.
Periodontitis  patients of group 2a

underwent comprehensive scaling and
root planning procedure, in two sessions
within seven days by means of hand and
ultfrasonic instrumentation  under the
influence — of local anesthesia (2%
lignocaine hydrochloride with 1: 2, 00,000
adrenaline) with session not prolonging
beyond an hour. Participating subjects
were placed on a 4 week maintenance
protocol to make certain that there is
effective plaque removal and
inflammation control of gingival tissues.
Patient were advised for a monthly visit,
Oral hygiene instructions (OHI) were
reinforced and coronal polishing was
provided. Periodontally healthy individuals
(PH group) did not under go any
periodontal therapy. Sample collection for
DBP levels in Crevicular fluid and serum
alongside clinical assessment of GI, PPD,
and RAL were performed at different time
frame (baseline and 3 months after
therapy).
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EXPERIMENTAL DESIGN AND TREATMENT
PROTOCOLS

Clinical measurements: Patient periodontal
status was recorded my quantifying PPD,
RAL, and GIl. Orthopantomograph was
used to record the level of bone loss.
Periodontal probe UNC-15 (Hu-Friedy
Manufacturing Co., Chicago, IL, USA) was
used for all clinical measurements which
were recorded on all the six sites of the
tooth by the first examiner (ST).

Site Selection and Collection of GCF:

All subjects were assessed clinically
for their periodontal status, under
ilumination using a sterile graduated
periodontal probe UNC-15 and mouth
mirror. The one site in each subject that
with  the highest: level of RAL and
radiographic validation of bone loss In
patients with CP group and ATCP group
was carefully chosen for Crevicular fluid
and serum collection. Periodontitis being a
site-specific disease, only one site per
patient was selected to avoid pooling of
samples from multiple area, the area was
dried with blast of air, and supragingival
plaque was removed without disturbing
the marginal gingiva.

At area of sample collection,
isolation with cotton rolls was done to
prevent saliva  contamination.  With
standard paper strips Periopaper; Oraflow
Inc., Smithtown, NY, USA, sample of
Crevicular fluid was collected inserting to a
depth of approximately 2 mm, into the
sulcus/ pocket for 30 s. Strips were
discarded if contaminated with blood.
Collected Crevicular fluid volume was
quantified using a calibrated appliance
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(Periotron 8000; Proflow Inc., Amityville, NY,
USA) and these interpretations was
changed to an original volume (uL) by
orientation to a standard curve generated
using the Periofron readings of the fluid
volume (ul) in the Periopaper strips.

Following quantitative analysis, the
strips were transferred to Eppendorf tubes
containing 100 yL of buffered phosphate
saline solution. To elute GCF from paper
strips, the aliquots were centrifuged at 3000
rom for 15 minutes, and then the strips
were removed and the collected samples
were refrigerated at -80°C unfil the assay
was performed.
Procedure for serum collection

A 20 gauge needle and 2 ml syringe
was used to collect 2 ml of blood from the
antecubital fossa which was-immediately
transferred to the red topped serum
separator blood collection tube (SST). The
blood samples were allowed to clot at
normal room temperature for a minimum
of 30 minutes, and then cenftrifuged at
3000 rpm for 15 minutes to separate serum
and transferred to an Eppendorf tube
which was stored at -80°C until the fime of
assay

Samples were then assayed for DBP
levels using Human Vitamin D-binding
protein (DBP) ELISA, obfained from QAYEE-
BIO ®, (Human Vitamin D-Binding Protein
(fem No: QY-E01061, Specifications: 96T).
The above presented kit reported an assay
sensitivity of < 120ng/ml. In connection to
specificity of the kit, the manufacturer
testified no significant cross reactivity.
Results of the samples were reported in
nanogram per milliliter (ng/mil).
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Sites with a probing depth of 25 mm
showed a difference in DBP ,3 months after
complete scaling and root planning which
was the primary outcome variable . The
secondary outcome variable considered
were the changes in full mouth Gl score in
sites with a initial probing depth of 5-8mm.
Microsoft excel was used to enter all the
data including clinical and biochemical
measurements which were later analyzed
using SPSS software(Statistical Package for
Social Science, Ver.10.0.5). Normality
assumption of the data was analyzed using
Shapiro-Wilks test. Any statistical difference
between the parameters in the groups
were determined using paired sample't’
test. Pearson’s correlation (r) ftechnique
was used to determine the strength of
linear relationship between two variables.
A p- value was set at 95% level of
significance.

RESULTS

All the samples in each group were
tested positive for DBP examination. Table
1 shows the demographic physiognomies
and full-mouth clinical parameters of three
groups.

Normality assumptions were tested
for the mean values of PI, GI, PPD, and RAL
of PH, CP group and ATCP group. The
scores were the highest for CP group (2.5,
82%, 8.5mm, and 11.2mm respectively).
The lowest score was observed in PH group
for Pl and Gl (0.3, 14.9%). Values of ATCP
group for PI, Gl, PPD, and RAL scores (1.2,
19.1%, 5.1mm and 7.71mm respectively)
were lesser than CP group but higher than
PH group.
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To test the hypothesis of equality of
means for DBP concentrations in GCF and
serum in-between CP group and ATCP
group Parametric paired sample ‘t' test
was carried out (Intfragroup comparison),
the results for which are tabulated in Table
2, (Figure 2). The p-value for inter-group
comparisons for all three groups is < 0.05,
which infers the rejection of null hypothesis.
On further analysis of the three groups,
staftistical significance was noted between
PH group vs CP group and CP group vs
ATCP group, with p value < 0.05. This
indicates that with increasing
inflammation, the GCF DBP concentrations
increase and they decrease after NSPT.

Pearson correlation was done to
check for any association between the
GCF and'serum DBP concentrate and the
clinical findings in PH group, CP group and
ATCP group. Table 3 shows the association
amongst GCF and Serum in DBP with
clinical findings from CP and ATCP.

To summarize, GCF and serum
samples for all the subjects demonstrated
the presence of DBP. The quantified results
confiirmed the hypothesis that GCF and
serum DBP concentrations rise  with
increasing grade of inflammation during
periodontal diseases and reduce after
NSPT.

DISCUSSION

“DBP is a a2-globulin of plasma
protein and is found in blood in ample
quantity. DBP have remained associated in
the pathology of periodontal infection and
systemic condition, further in GAgP there is
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a positive correlation between GCF and
Serum level of DBP.(14) However, there are
no studies in the literature on the role of
DBP in chronic periodontitis and on its
association with general health. Hence,
the current study was carried out fo
quantify the DBP concenfration in
Crevicular fluid and Serum of patient, with
periodontitis. Further, to gauge the impact
of periodontal therapy on DBP levels
locally and systemically.

The present study showed a raise in
mean GCF DBP concentration in CP (62.97
ng/ml) when compared fo PH
(8.451ng/ml). Similarly, serum also showed
a same trend where in there was a raise in
mean DBP concentration in CP (512.1
ng/ml) when compared to PH (360.2
ng/ml).This raise in DBP levels with
increasing grade of periodontal
inflammation indicates DBP concentration
correlates  positively . with  extent  of
periodontal inflammation.

Results attained in our study are in
harmony with the earlier studies done by
several authors. Baliban et al ,(16) had
done a large scale comprehensive
proteomic analysis and showed that DBP
levels are higher in CP when compared to
PH. Also, in a cross-sectional study by Silva-
Boghossian et al,(17) who quantified
proteome composition of the GCF in PH
and CP patients, reported that DBP was
found in a substantial greater abundance
in periodontal sites when associated to the
PH group. Whole saliva of patient with
periodontitis showed higher DBP levels
when compared with dentulous or
edentulous subjects. (4) However, there is
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an conflicting study reported in the
literature by Zhang et al,(12) who had
assessed DBP levels of GAgP in GCF and
plasma to conftrols (healthy)and
interpreted that DBP concenfration were
significantly lower in GCF of GAgP and
comparatively was higher in healthy
periodontal conditions. The author stated
that there is a negative correlation of DBP
levels with periodontal inflammation. The
reason for this result is unclear, and they
assumed that this might be due to
absence of active production or a rise in
local consumption.(12) The recent study by
Li, Zhu et al (18) also have reported DBP
levels are higher in healthy periodontal
tissues, suggesting it plays an active role in
local host. defense and hard tissue
metabolism.

The raise in GCF DBP levels as
noticed in this study may be due to several
reasons. First, inflammatory state leading to
increased production of DBP as the
binding of DBP to the surface of neutrophils
(19) and monocytes (20) leads to
upregulation .(21) Secondly, DBP isoforms
have shown to regulate inflammatory
cytokines, which are known to increase
DBP mMRNA approximately twofold as
reported by Guha et al.(5) Thirdly, DBP is a
molecule which is known to entail in
macrophage activation (22-24) and
osteoclast differentiation, (22, 25) thereby
trafficking more inflammatory cells fowards
the site of inflammation leading to
periodontal destruction. Fourth, DBP spikes
complement  action by  promoting
inflammation. Fifth, LPS released from
periodontally inflamed sites might activate
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neutfrophils and increase DBP binding sites
.(26) Current findings could enhance our
understanding on mechanism accounting
for the association of periodontal
inflammation with DBP levels.

Concomitantly, we also observed
that there was an increase in DBP levels in
the serum with the extent of periodontal
inflammation and it may be due to First,
release of DBP from periodontal inflamed
tissues in to systemic circulation. Second,
DBP has been implied as an acute phase
reactant, its hepatic production might be
upregulated reciprocally by pro-
inflammatory cytokines released from
inflamed periodontal fissues .(12) Third,
raised  PMN  (Neutrophils) levels in
inflammation further raises DBP levels. In our
study, we noticed that there is a rise In
serum DBP levels by many fold as the
periodontal disease progresses, aqs it
possibly has a direct effect on systemic
conditions like cardiovascular (9, 24, 27)
and respiratory diseases (28, -29). This
implies that DBP has an influence on
inflammation and immune function and
could act as a bridging link in the
pathology of periodontal and systemic
confinuum.

In addition, we identified that with
periodontal freated patients showed a
reduction in mean GCF (62.97 ng/ml) and
serum (512.14 ng/ml) DBP levels to after
treatment levels of (20.97 ng/ml in GCF,
456.8 ng/ml in Serum) respectively which
were also statistically significant. Further,
the decrease in DBP levels showed positive
correlation  with  clinical measures  of
periodontal disease (Gl, PPD, and RAL). This
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suggests that rendered treatment reduced
the microbial inflammatory load and lower
thereby by the DBP levels and confirms the
relationship between local and serum DBP
levels with periodontal inflammation.
Furthermore, in the present study GCF and
serum DBP levels were reduced when
compared to those stated in other studies.
It may be afttributed to heterogeneous
responses due to differences in human
race,(30) difference in the sensifivity of
ELISA kit ,(12) breakdown of DBP during
storage time, short plasma half-life and the
bound form of DBP not getting detected
by ELISA.

It should be also noted that there
were some limitations in our study. First, DBP
has variant. genotype which could have
affected the DBP detection. Second, DBP
depends upon the gender (estrogen
levels), and the influence of sex on DBP
levels could not be quantified in our study
as the study was gender matched. Third,
the storage time was around six months
and there is a possibility that during the
storage time, DBP molecule might have
developed a stronger bond with other
molecule or metabolized due to their short
half-life. Fourth, region sampled were just
one and might not have represented the
status of complete periodontal
inflammation of the study subject.

Taken together, within the limits of
our study, it can be summarized that,
greater the extent of periodontal
inflammation, there is a considerable up
raise in the quantity of DBP in GCF and
serum and the interventional therapy (SRP)
reduced the DBP levels both locally and
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systemically. In addition, longitudinal of DBP molecule to provide a holistic
studies should be performed with a larger picture of the impending part of DBP in
sample size including unbiased genotyping pathology of periodontitis.

Table 1 Demographic characteristics and full-mouth clinical parameters

Numb Gender
er of Age GI PPD RAL
Study group sampl (years) (male/ PI (%) (mm) (mm)
esp y female)
149+
Group 1(PH) 20 321+25 11/9 03+.1 34 NA NA
82.0+ 85 % 11.2+
Group 2a (CP) 20 364 £3.8 12/8 | 25 +04 5.6 15 17
Group2b 19.1+
(ATCP) 20 364 +3.8 12/8 1.2+0.3 15 51+1 | 7718

Values are given as n or mean + SD; PH - Periodontal Health; CP - Chronic periodontitis; ATCP - after
treatment Chronic periodontitis; NA - not applicable; PI - plaque index; GI - gingival index; mm - millimeters;
PPD - probing pocket depth; RAL - relative attachment loss; ng/mL - nano gram per milliliter

Table 2 Comparison, among study groups, of the mean Vitamin D Binding Protein (DBP) in
Gingival Crevicular Fluid (GCF) and Serum

. : P-
Variable Comparison group N  Mean SD value
8.5 49 N
GCF Group 1 (PH) vs Group 2a (CP) 20 <0.001
(ng/ 63 253
m%) Group 2a (CP) vs Group 2b 20 63 253 <0.001*
(ATCP) 21 104
SERUM Group 1 (PH) vs Group 2a (CP) 20 360.2 88.6 <0.001*
(ng/ - 512.1 72.8
ng
mr)  Group2a (CP) vs Group 2b 20 512.1 72.8 <0.001*
(ATCP) 456.9 64.8
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*P < 0.05 significant (Paired sample “t” test)

PH - Periodontal Health; CP - Chronic periodontitis; ATCP - after treatment chronic periodontitis;
GCF - Gingival Crevicular Fluid; ng/mL - nano gram per milliliter
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Table 3 Correlation between Gingival Crevicular Fluid (GCF) and Serum in Vitamin D Binding
Protein (DBP) with clinical parameters from chronic periodontitis (CP) and after treatment chronic
periodontitis group (ATCP)

Pearson
Variable Comparison group N Correlation P - value
(r)
GCF vs GI 20 0.383 0.176
GCF vs PPD 20 -0.223 0.444
P GCF vs RAL 20 0.127 0.666
serum vs GI 20 0.406 0.149
serum vs PPD 20 -0.494 0.073
serum vs RAL 20 -0.023 0.939
GCF vs GI 20 0.261 0.103
GCF vs PPD 20 -0.339 0.236
GCF vs RAL 20 0.558 0.038*
ATCP serum vs GI 20 0.103 0.727
serum vs PPD 20 -0.302 0.293
serum vs RAL 20 0.343 0.229

*P < 0.05 significant (Pearson correlation)

PH - Periodontal Health; CP - Chronic periodontitis; ATCP - after treatment Chronic periodontitis; GI
- gingival index; mm - millimeters; PPD - probing pocket depth; RAL - relative attachment loss
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Figure 1: Graphic illustration of the flow chart of study inclusion

POENTIALLY ELIGIBLE PARTICIPANTS
(n=56)

Excluded per protocol
) |

Refused to participate (n=8)

\Withdrew concent (n=2)

ELIGIBLE
PARTICIPANTS
(n=40)
Group 1(Periodontal health- Group 2a (Chronic periodontitis -
PH) CP)
(n=20) (n=20)
e PPD<3mm, e PPD=> 5mm,
e GIZ1 o GlI> 2,
e RAL=0mm e RAL> 8 mm (in two
noncontiguous sites)

e PH - Periodontal Health; l

e CP - Chronic periodontitis;

o ATCP - after treatment chronic periodontitis; Group 2b (n=20)

Group 2a treated
e Pl -plaque index; with nonsurgical
o GI - gingival index; mm - millimeters; therapy (i.e. SRP)
e PPD - probing pocket depth;

o RAL - relative attachment loss;
ng/mL - nano gram per milliliter
e SRP - Scaling and Root Planning
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Figure 2: Comparison of mean DBP levels in GCF and Serum between the study groups. GCF -

Gingival Crevicular Fluid; ng/mL - nano gram per milliliter

CONCLUSION

Our study shows that DBP concentrations in
GCF and serum increased in periodontitis.
Furthermore, DBP concenfrations amplified
with the increasing severity of periodontal
condition. Thus, DBP in GCF and serum can
be considered as a marker of inflammatory
condition in periodontitis. Hence,
periodontal disease progression may show
a substantial effect in forecasting high-risk
people for the most common diseases of
the current era like respiratory and
cardiovascular  diseases  efc.  Also,
periodontal treatment lessens the potential
threat of severity of these systemic diseases
as it decreases the inflammatory load in
systemically compromised and, or else
healthy individuals. Further, longitudinal
prospective studies involving a larger

population are needed to confiim the
findings of present study and to better
understand the role of DBP in the
pathogenesis. Additionally, tending to the
clinical  implication and  pathologic
mechanism of DBP in periodontal disease
progression is necessary.
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