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Effect of Non-Surgical Periodontal
Treatment on Gingival Crevicular Fluid
and Serum Endocan, Vascular
Endothelial Growth Factor-A, and Tumor
Necrosis Factor-Alpha Levels

Cigdem C. Turer,* Duygu Durmus,* Umut Balli,* and Berrak Giiven®

Background: Periodontitis is a chronic inflammatory disease that occurs
due to the interaction between pathogenic microorganisms and host de-
fenses. Endocan is a proteoglycan secreted by endothelial cells under the
control of inflammatory cytokines. Aims of the study are to determine serum
and gingival crevicular fluid (GCF) endocan levels in the pathogenesis of
periodontal diseases, supported with vascular endothelial growth factor
(VEGF-A) and tumor necrosis factor (TNF)-alpha levels. This study addi-
tionally aims to evaluate correlation between GCF endocan levels, VEGF-
A, and TNF-a levels with periodontal probing depth (PD).

Methods: The study consists of two groups: group 1 (n = 20), healthy indi-
viduals; group 2 (n = 20), individuals with generalized chronic periodontitis
(CP). Clinical measurements were recorded; GCF and serum samples were
obtained from each participant before and 6 weeks after therapy. Levels
of biomarkers were measured by enzyme-linked immunosorbent assay. In-
tergroup comparisons of biochemical and clinical parameters were analyzed
by Kruskal-Wallis/Bonferroni-adjusted Mann-Whitney { test using statistical
software.

Results: Serum and GCF endocan, VEGF-A, and TNF-«a levels were signif-
icantly higher in patients with CP than in healthy individuals (P <0.001) and
decreased after treatment (P <0.03). A significant correlation was observed
between GCF TNF-a and PD (4 mm < PD <5 mm and PD >6 mm). A signif-
icant relationship was found among GCF endocan and TNF-«, VEGF-A, CAL,
and Gl for all groups (P <0.05).

Conclusions: Endocan and TNF-a levels, both in GCF and serum, increased
from health to periodontitis and decreased with non-surgical periodontal treat-
ment. Within the limits of the study, endocan may be considered as a potential
inflammatory marker for periodontal disease. J Periodontol 2017;88:493-501.
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eriodontal disease,
Pcharacten’zed by peri-

odontal tissue de-
struction, is a complex
immune-inflammatory con-
dition that can arise when
a host organism encoun-
ters a periodontal patho-
genic microorganism. 2
Inflammation is a response
in host tissue exposed
to such pathogens. The
inflammatory process in-
cludes vascular dilation
as well as increased cap-
illary permeability, blood
flow, and leukocyte influx.
The first cells recruited to
the site of inflammation are
polymorphonuclear leuko-
cytes (PMNLs), monocytes/
macrophages, epithelial
cells, and endothelial cells.3
Endothelial cells are re-
sponsible for attracting
leukocytes, both of which
are recruited in an immedi-
ate response to a microbial
biofilm.# With production
of cytokines and chemo-
kines, inflammatory re-
sponse is amplified, and
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so is the number of cells supplied to address microbial
challenge.?

A significant event within periodontal pathogenicity
is the host response. Inflammatory mediator levels
reveal a lot about receptivity to the disease.® In both
healthy and disease conditions, the gingival sulcus
contains serum-like gingival crevicular fluid (GCF),
into which cells and mediators, stimulated by the
presence of oral microbes, are released in the in-
flammatory phase.®7 GCF in the gingival sulcus or
periodontal pocket can indicate severity of inflam-
mation, and its flow increases with increasing per-
meability of the microvasculature. Thus, GCF is used
as a diagnostic and prognostic tool in determining
pathogenicity of periodontal disease.®

Tumor necrosis factor (TNF)-alpha is an impor-
tant proinflammatory cytokine that causes damage
to periodontal tissue and is produced in response to
bacteria and bacterial products.®? It is involved in
recruiting leukocytes to inflamed tissue, vascular per-
meability and leakage, and chemokine production. 011
Chemotaxis of PMNLs to the vascular epithelium and
its phagocytosis is another local effect.?2 TNF-a is
associated with both destruction of connective tissue
and bone resorption by managing secretion of matrix
metalloproteinases and receptor activator of nuclear
factor-kappa B ligand (RANKL).?> Angiogenesis is the
development of new blood vasculature from existing
capillaries, a process regulated by cytokines and
growth factors.!? Vascular endothelial growth factor
(VEGF) is derived from platelets and plays an im-
portant role in endothelial cell proliferation, proteolytic
enzyme secretion, and migration through chemotaxis;
it also stimulates angiogenesis.!14 TNF-a induces
VEGF-A, which plays important roles in periodontal
health and destructive conditions.!!:141> Endocan,
a soluble proteoglycan, was once known as endothelial
cell-specific molecule-1; it is associated with systemic
diseases, such as cardiovascular and inflammatory
bowel diseases.!®17 Endocan is maintained by in-
flammatory cytokines and is found in the vascular
endothelium.!®1° Endocan has been shown to be
regulated by inflammatory mediators and angiogenic
growth factors;#20-22 VEGF-A as well as various cy-
tokines, such as TNF-a and interleukin (IL)-1, are also
involved in the action of endocan.!9-22

Many studies concerning periodontal disease pro-
gression have shown important roles of TNF-a and
VEGF-A in the pathologic and healing periods.!%-23-27
Itis clear that TNF-a levels are increased in periodontal
inflammation,23-24 whereas the role of VEGF-A in such
inflammation remains unclear.!%22-27 VEGF-A levels
have been assessed in both the healing and inflam-
mation periods of periodontal disease in different
studies!®22, Given findings that TNF-a and VEGF-A
upregulate secretion of endocan?? the authors of this
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study considered that endocan levels might be in-
creased in periodontal disease and decreased after
periodontal treatment. To the best knowledge of the
authors, no reported study has established the role of
endocan in periodontal inflammation. Here, the pri-
mary aim was to evaluate the interplay of the an-
giogenic factor VEGF-A and the proinflammatory
mediator TNF-a with respect to the action of endocan
in chronic periodontitis (CP) patients before and after
periodontal treatment. A second goal was to assess
any correlation(s) between periodontal clinical param-
eters and biomarker values.

MATERIALS AND METHODS

Study Design

In total, 40 individuals (19 males and 21 females, aged
25 to 49 years; mean age: 37.45 + 5.40 years), ad-
mitted to the Periodontology Department of Bulent
Ecevit University, Zonguldak, Turkey, and matched
for age and sex, were enrolled. The study involved two
groups: healthy periodontal individuals (group 1;
n = 20) and individuals suffering from generalized CP
(group 2; n = 20). The research period was from
April 2015 to September 2015.

The study was approved by the Ethics Committee
on Human Research of Bulent Ecevit University
and was conducted according to the Declaration of
Helsinki, as revised in 2013 (protocol number: 2016 to
02-13/01). All individuals provided written informed
consent. This study was registered at ClinicalTrials.
gov (NCT02750956).

Inclusion and Exclusion Criteria and Periodontal
Examination
Inclusion criteria were assessed after a radiographic
and full-mouth clinical periodontal examination, in-
cluding: 1) gingival index (GlI);?° 2) plaque index (PI);30
3) clinical attachment level (CAL); 4) bleeding on
probing (BOP);3! and 5) probing depth (PD). Partic-
ipants had to possess a minimum of 20 natural teeth,
not including third molars. The healthy group showed
no sign of inflammation or bone or attachment loss;
i.e., GI = 0 and PD <3 mm. For the CP group, the
inclusion criteria, apart from clinically distinct signs of
inflammation, were set as: 1) GI>1; 2) PD 25 mm; and
3) CAL 25 mm, with alveolar bone loss affecting >30%
of the teeth, as detected on clinical and radiographic
examinations. All measurements were recorded using
a periodontal probef by the same investigator (DD).
All disease classifications were made based on the
classification system published in 1999.32

Patients with systemic diseases, such as diabetes
mellitus, rheumatoid arthritis, obesity, and cancer were
excluded. Pregnant and lactating mothers, tobacco

# Williams probe, Hu-Friedy, Chicago, IL.
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users, patients with aggressive periodontitis, and those
who had ever used antibiotics or drugs or had received
periodontal treatment in the last 6 months that could
affect periodontal status, were excluded.

Sample Collection

Study parameters were evaluated clinically by one
calibrated examiner (DD) who was masked to the
purpose of the study. Calibration was performed
using 10 randomly selected individuals before study
measurements were taken. The examiner eval-
uated participants twice at an interval of 48 hours.
Only measurements that were >90% similar at the
millimeter level at baseline and 48 hours were
accepted.33

GCF collection. Two areas per patient were selected
as sampling sites on the day after the measurements,
so contamination of GCF with blood was avoided.
The mesio- and disto-buccal areas of single-rooted
teeth were used for the sampling of GCF. In the healthy
controls, GCF was collected from healthy sites without
signs of inflammation. In patients with CP, the most
inflamed areas with increased CAL were chosen for
GCF sampling. Supragingival plaque was removed
without making contact with the marginal gingiva on
the measurement days (baseline and 6 weeks after
periodontal treatment). The area was isolated using
cotton rolls before beginning GCF sampling to avoid
saliva contamination. The area was dried and filter
paper$ was used for collecting samples of GCF, using
the intracrevicular method, which is beneficial in the
sense that it is fast and easy to use, is applicable on
individual sites, and causes potentially no harm when
used properly.34 Paper strips were placed in the
crevice until mild resistance was felt and left there for
~30 seconds. The strips were used to measure volume
of GCF by weighing! the liquid immediately after col-
lection. Strips (blood- and saliva-contaminated strips
were discarded) were placed in a microcentrifuge tube,
pooled to make one sample, and stored immediately at
—40°C until assayed.

Serum collection. Samples (2 mL) of peripheral
blood were taken from the antecubital fossa by veni-
puncture and collected in gel-containing tubes.1 To
separate the serum component, samples were
centrifuged (3,000 x g, 5 minutes) and the serum was
stored immediately at —40°C until assayed.

Periodontal Treatment

The same researcher (DD) carried out non-surgical
periodontal treatment (NSPT). After baseline GCF and
serum data were obtained, patients with CP received
NSPT, consisting of oral hygiene instruction and scaling
and root planing (SRP) using manual scalers and cu-
rets.* SRP was provided to all patients on a quadrant-
by-quadrant basis, once per week, and each visit lasted
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45 to 60 minutes. No antibiotic was prescribed during
treatment. If required, local anesthesia was used. The
control group received only oral hygiene instructions.
The modified Bass technique, consisting of the brushing
method and dental flossing, was described in the oral
hygiene instructions, which were repeated at 1-week
intervals during the study period. At 6 weeks after
completion of periodontal therapy, patients with CP
were re-evaluated, and further serum and GCF
samples were obtained. GCF samples were collected
from the sites where they were first obtained. Indi-
viduals in each group participated in follow-up evalu-
ations, including treatment and maintenance phases,
as well as sample collection, over a 3-month period.
There were no dropouts.

Measurement of Endocan, VEGF-A, and TNF-«
Levels

Two strips were added to a microcentrifuge tube to
produce a single sample. Three hundred and fifty
microliters of phosphate-buffered saline (pH 7.4) was
added to tubes with the sample strips. Concentrations
of VEGF-A,** TNF-a,’T and endocan®f in GCF and
serum were determined using a sandwich enzyme-
linked immunosorbent assay method according to the
protocol provided by the manufacturer, as described
previously.3® Concentrations in GCF and serum
samples were determined from standard curves.

The calibration range of the VEGF-A assay was
up to 1,000 pg/mL, and the analytical sensitivity was
7.9 pg/mL. The within- and total-run coefficients of
variation (CV) were <6.2% and <4.3%, respectively.
The calibration range of the TNF-a assay was up to
1,000 pg/mL, and analytical sensitivity was 1 pg/mL.
The within- and total-run CVs were <6% and <7.4%,
respectively. The calibration range of the endocan
assay was up to 1,000 pg/mL, and analytical sensitivity
was 1 pg/mL. The within- and total-run CVs were <10%.

Statistical Analyses

Sample size was determined using the primary
outcome variable (variation in serum and GCF en-
docan levels after treatment). Estimates were de-
termined on the basis of a pilot study that included
10 individuals in each group. It was estimated that
a sample size of 16 participants in each group would
enable a Type Il error level of 3 = 0.20 (80% power)
and a Type I error level of a = 0.05 (5% probability).
It was decided to have 20 individuals in each group
to allow for potential dropouts.

PerioPaper, ProFlow, Amityville, NY.
| Precisa ES 125SM, Dietikon, Switzerland.
9 BD Vacutainer; Becton, Dickinson, and Company; Plymouth, Ud.K.
# Hu-Friedy.
** eBioscience, San Diego, CA.
11 eBioscience.
#% Elabscience Biotechnology, Wuhan, China.
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To assess whether data were normally distributed,
the Shapiro-Wilk test was used. Intergroup compari-
sons of biochemical and clinical parameters were
assessed using the Kruskal-Wallis non-parametric
test, followed by post hoc group comparisons with a
Bonferroni-adjusted Mann-Whitney U test if the data
were not normally distributed. With the Bonferroni
correction, a = 0.05/2 = 0.025 was taken to indicate
statistical significance. Paired biochemical and peri-
odontal parameters (at baseline and 6 weeks) were
compared, with o = 0.05 taken to indicate statistical
significance. A X2 analysis was used to compare the
sex ratio between groups. To determine how GCF
endocan, VEGF-A, and TNF-a levels were related to
clinical periodontal parameters, Spearman rank cor-
relation test was used. Statistical software$8 was used
to carry out all the tests, and P values <0.05 were
considered to indicate statistical significance.

RESULTS

Clinical Findings

Table 1 presents clinical findings. PD, CAL, PI, GI, and
BOP were found to be significantly higher in the CP
group than the healthy group (P <0.05). There was
a significant reduction in each of the clinical parame-
ters in patients with CP at 6 weeks after NSPT, in the full
mouth as well as at the sample sites (P <0.05; Table 1).
Age and sex distributions showed no significant dif-
ference between the groups (P >0.05). Because of
the multifactorial etiology and chronic nature of peri-
odontal disease, participants were selected from
among an otherwise healthy, non-smoking population
with a narrow age range.

Biochemical Findings

GCF and serum endocan levels. The presence of
endocan was seen in all samples of GCF and serum.
Table 2 presents total amounts, concentrations, and
serum endocan levels. In patients with CP, total en-
docan levels were statistically significantly higher than
in the healthy controls (P <0.001). Patients with CP
had significantly elevated endocan concentrations and
a significant reduction was found after treatment
(P <0.001). Serum endocan levels were also signifi-
cantly higher in patients with CP than in the healthy
controls (P <0.001).

GCF and serum VEGF-A and TNF-« levels. VEGF-A
and TNF-a were seen in all GCF and serum samples.
Table 2 presents total amounts, concentrations, and se-
rum levels of VEGF-A and TNF-«. In GCF, total VEGF-A
levels were statistically significantly higher in the
CP group than in the healthy controls (P <0.001).
There was no significant difference in total VEGF-A
concentration between patients with CP and healthy
controls (P >0.05). A significant reduction was
found in VEGF-A levels after treatment in patients
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with CP (P<0.001). Serum VEGF-A levels were also
significantly higher in the CP group than in the
healthy control group (P <0.01).

Furthermore, it was found that in the CP group,
total TNF-a levels were statistically significantly
higher than in the healthy controls (P <0.001).
Serum TNF-a levels were significantly higher in the
CP group than in the healthy controls (P <0.001).
Concerning total TNF-a concentrations, no signif-
icant difference was observed between the groups
(P>0.05).

Effects of Periodontal Treatment on Endocan,
VEGF-A, and TNF-« Levels

Findings from the current study showed that NSPT re-
sulted in a significant decrease in total amounts, con-
centrations, and serum levels of endocan (P <0.025).
After NSPT, statistically significant differences in the
total amount and concentration of endocan were
observed (Table 2; P <0.025).

There were also statistically significant differences in
total amounts, concentrations, and serum levels of
VEGF-A before and after NSPT in patients with
CP. Furthermore, total amounts and serum TNF-a
levels showed statistically significant differences after
periodontal treatment (Table 2; P <0.025). Results
showed that GCF and serum VEGF-A and TNF-a
levels decreased after NSPT.

Correlations
Table 3 shows correlation coefficients. There was
a statistically significant positive relationship between
the total amount of TNF-a compared with endocan,
sample site CAL, and sample site GI in the CP group
(P <0.05). There was a statistically significant positive
correlation between total amount of endocan and
sample site Gl in the CP group (P<0.05). No significant
correlation was found between total amount of endocan
compared with CAL or VEGF-A in the CP group (P>0.05).
There was no significant correlation between total
amounts of VEGF-A compared with endocan, TNF-a,
CAL, or Gl. An examination of all clinical groups
showed that all evaluated markers were positively re-
lated to each other, as well as to CAL and GI (P<0.001).
The Spearman rank correlations (r) in the CP group
with regard to total amounts of endocan, VEGF-A,
TNF-«, and the number of deep sites, are reported in
Table 4. The total amount of TNF-« was found to
have a positive and significant relationship with the
number of sites with 4 mm < PD <5 mm and PD >6 mm
(P <0.05). No significant relationship was found be-
tween the total amount of VEGF-A and endocan
level between the number of sites with 4 mm < PD
<5 mm or PD >6 mm (P >0.05).

8§§ SPSS Statistics for Windows, v19.0, IBM, Armonk, NY.
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Table I.

Full-Mouth and Sample Site Clinical Parameters of the Study Groups

Group 2 Group 2
Parameter Group | (Control) (CP: before treatment) (CP: after treatment)
Full-mouth periodontal PD* (mm) .58 £ 0.15 451 £ 044 246 £ 022
examination (1.62) (4.37) (2.48)
CAL* (mm) .58 £ 0.15 530+ 035 339 £0.57
(1.62) (5.27) (343)
Gl* 0.00 + 0.00 252 +£0.18 024 +£0.14
(0.00) (2.61) (0.24)
PI* 042 £0.14 229 £ 020 0.63 £ 0.20
(0.43) (2.26) (0.66)
BOP* (%) 0.00 + 0.00 88.63 + 3.52 ['1.86 £ 2.67
(0.00) (88.61) (1'1.84)
Sampled sites periodontal PD* (mm) [.60 £ 0.50 6.10 £ 0.78 2.60 £ 0.50
examination (2.00) (6.00) (3.00)
CAL* (mm) [.75 £ 0.44 7.05 £ 0.82 3.90 £ 0.50
(2.00) (7.00) (3.00)
GI* 0.00 + 0.00 255+ 051 0.50 + 0.50
(0.00) (3.00) 0.51)
PI* 0.00 + 0.00 2.15+037 0.50 + 0.52
(0.00) (2.00) (0.50)
BOP* 0.00 £ 0.00 100.00 + 0.00 20.00 + 0.00
(0.00) (100.00) (0.00)

Data are expressed as the mean + SD (median). Kruskal-Wallis/Bonferroni-adjusted Mann-Whitney U test (unpaired observations). Wilcoxon signed-rank
test (paired observations). Bonferroni correction a = 0.05/2 = 0.025.
* Statistically significant difference among groups (P <0.05).

Table 2.

GCF and Serum Endocan, VEGF-A and TNF-a Levels in Study Groups

Parameter

Group | (Control)

Group 2 (CP: before treatment)

Group 2 (CP: after treatment)

Total GCF endocan (pg)

Serum endocan (pg/mL)T

GCF endocan concentration (pg/mL)
Total GCF VEGF-A (pg)

Serum VEGF-A (pg/mL)

GCF VEGF-A concentration (pg/mL)
Total GCF TNF-a (pg)

Serum TNF-a (pg/mL)*

GCF TNF-a concentration (pg/mL)
GCF volume (mL)T

.55 + 0.86* (1.53)
64.34 + 28.08 (56.97)
5.2 + 2.98* (4.84)
466 +320* (4.12)
149.76 + 79.94* (158.88)
1520 + 10.52 (12.96)
0.15 + 0.06* (0.12)
1.80 + 1.56 (1.25)
048 + 021 (0.38)
031 + 003 (0.31)

9.82 + 0.83 (9.87)

19644 + 75.55 (193.68)
1278 £ 141 (13.10)
12.05 + 3.65 (10.99)

735.65 + 532.67 (599.00)
15.60 + 4.62 (13.88)
027 + 004 (0.28)
18.79 + 19.09 (14.38)
0.35 + 0.06 (0.36)
0.77 + 005 (0.76)

202 £ 1.71* (1.29)

104.76 £ 3251 (11391)

404 + 3.40* (2.60)
3.15 + 2.87* (221)

253.12 + 306.18* (76.12)

6.35 + 5.89*F (4.18)
0.20 + 0.08* (0.19)
5.68 = 3.90 (6.15)
040 + 0.16 (0.39)
0.50 + 0.02 (0.49)

Data are expressed as the mean + SD (median). Kruskal-Wallis/Bonferroni-adjusted Mann-Whitney U test (unpaired observations). Wilcoxon signed-rank
test (paired observations). Bonferroni correction a = 0.05/2 = 0.025.
* Statistically significant difference from group 2 (P <0.05).

T Statistically significant difference among groups (P <0.05).

¥ Statistically significant difference from group 1 (P <0.05).
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Table 3.

Spearman Rank Correlation (r) Among Groups With Respect to GCF-Endocan, GCF-
VEGF-A, GCF-TNF-«, and Sampled Site CAL and GI

Group | (Control) Group 2 (CP: before treatment) Group 2 (CP: after treatment) All Groups
Parameter r P Value r P Value r P Value r P Value
GCF-endocan to CAL 0.31 0.18 041 0.07 0.30 0.20 0.74* <0.001*
GCF-endocan to Gl NA NA 046* 0.04* 0.38 0.10 0.78* <0.001*
GCF-VEGF-A to CAL 0.27 0.25 0.28 0.24 0.30 021 0.55* <0.001*
GCF-VEGF-A to Gl NA NA 0.25 0.28 0.38 0.10 0.67* <0.001*
GCF-TNF-a to CAL 0.39 0.09 0.56* 0.01%* 041 0.07 0.71* <0.001*
GCF-TNF-a to Gl NA NA 0.61* 001* 047* 0.04* 0.72* <0.001*
GCF-endocan to GCF-VEGF-A  0.29 0.22 0.39 0.09 0.39 0.09 0.68* <0.001*
GCF-endocan to GCF-TNF-a 034 0.15 0.50* 0.02* 0.45 0.05 0.72* <0.001*
GCF-VEGF-A to GCF-TNF-a 0.37 0.1 0.38 0.10 0.38 0.10 0.57* <0.001*

GCF-endocan = total amount of endocan in GCF; GCF-TNF-a = total amount of TNF-a in GCF; GCF-VEGF-A = total amount of VEGF-A in GCF; NA = not

applicable.
* Statistically significant (P <0.05).

Table 4.

Spearman Rank Correlation (r) Among CP Group With Respect to GCF-Endocan, VEGF,

TNF-a Levels, and Number of Deep Sites

Group 2 (CP: before treatment)

Parameter r P value
GCF-endocan to 4 mm < PD <5 mm 0.36 0.12
GCF-endocan to PD 26 mm 0.35 0.13
GCF-VEGF-A to 4 mm < PD <5 mm 0.33 0.16
GCF-VEGF-A to PD 26 mm 0.32 0.17
GCF-TNF-a to 4 mm < PD <5 mm 0.47* 0.04*
GCF-TNF-a to PD 26 mm 0.48* 0.03*

* Statistically significant (P <0.05).

DISCUSSION

In the present study, GCF and serum levels of en-
docan, VEGF-A, and TNF-« in periodontal disease
before and after NSPT were evaluated. To the best
knowledge of the authors, no previously published
study has investigated endocan levels in periodontal
disease. This is, the authors believe, also the first
reported study to evaluate the role of NSPT in en-
docan levels. Consistent with the study hypothesis,
endocan, TNF-a, and VEGF-A levels were higher
in the CP group than in healthy individuals and
decreased after NSPT.
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Serum provides information about periodontal
pathogen-induced inflammation and responses.3®
A literature review showed biomarkers in serum
may be linked to periodontal disease.37-3% In GCF,
inflammation-related molecules may provide re-
liable information about the status of periodontal
disease.? Measurements of inflammatory medi-
ators in GCF have been used to determine the risk
of an individual developing periodontal disease.*!

In this study, statistically significant differences
between groups were observed in terms of GCF vol-
ume. This is consistent with the GCF volume differing
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by inflammatory status. GCF volume was greater in
patients with CP than in healthy controls, and it
decreased in patients after NSPT. This supports the
finding that GCF volume increases with inflammation
and decreases after resolution of inflammation with
NSPT.® The increase in GCF volume in inflamed regions
would be expected to, in turn, decrease concentration of
GCF elements that are produced locally in the GCF.3442
GCF volume, which is a dependent variable, directly
influences GCF component concentrations, which are
not independent variables.#? In the present study, there
was no statistically significant difference in concentra-
tions of VEGF-A and TNF-a between patients with
CP and healthy individuals, whereas concentration
of endocan was significantly higher in patients with
CP than in healthy individuals. This can be explained
simply by the lower GCF volume in healthy perio-
dontium. Earlier studies showed that considering
biomarkers in terms of total amounts of GCF per
sampling time in the GCF, rather than in terms of
concentration, was more reliable.#243 Thus, the current
study is essentially based on total amounts, although
concentrations were also determined.

It has been found that VEGF-A plays a role in lesion
destruction, as well as in the healing period, in peri-
odontal disease.!?22-27 Cetinkaya et al.?” reported
that VEGF-A expression may have a greater re-
lationship with the healing period of periodontal dis-
ease than with the lesion destruction phase. It was also
demonstrated by Keles et al.!> that VEGF-A expres-
sion is associated with maintenance of periodontal
disease and with periodontal tissue damage. However,
Pradeep et al.?? reported that GCF and serum VEGF-A
concentrations showed progressive increases com-
mensurate with the intensity of the disease and de-
creased after treatment of the periodontal disease.
Similarly, another study reported that VEGF-A levels
increased in periodontitis and decreased after peri-
odontal treatment.?® In the current study, total
amounts and serum VEGF-A showed increases in the
CP group, whereas there were significant decreases
in the total and serum VEGF-A levels after periodontal
treatment. According to these findings, in addition to
the healing period, VEGF-A is likely also involved in
the inflammation period of periodontal disease.

Unlike studies about VEGF-A, there are no con-
flicting findings regarding TNF-a in periodontal
disease pathogenesis. It is clear that there are higher
levels of TNF-a in periodontal disease.?324 Current
findings are similar to previous reports in that TNF-«
levels in serum and GCF showed a statistically sig-
nificant increase in the CP group. Additionally, as
predicted, TNF-a levels in GCF and serum decreased
after periodontal treatment. Because endocan was
examined for the first time in periodontal dis-
ease pathogenesis, another well-known inflammatory
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mediator, TNF-a, was also examined to confirm the
inflammatory status and impact of NSPT. Thus, in-
creased GCF and serum levels of TNF-a in the CP
group indicate that patients were indeed experiencing
an inflammatory phase. Furthermore, there was a de-
crease in TNF-a and VEGF-A levels when examined
with respect to clinical periodontal parameters; this
confirmed that periodontal treatment was successful and
the inflammatory course had been reduced or ended.
This information supports the conclusion that endocan
may be a possible biomarker for periodontal disease.

According to the current study hypothesis, there
were increases in serum and GCF endocan levels in the
CP group, which decreased significantly after NSPT.
According to these findings, GCF and serum endocan
levels may be linked to the inflammatory stage of
periodontal disease. To the best knowledge of the
authors, no previously published study has examined
endocan levels in periodontal disease and after peri-
odontal therapy, so it is not possible to directly com-
pare findings. These results, along with those
pertaining to the TNF-a and VEGF-A levels, make it
possible to predict that increased endocan levels may
have diagnostic value in periodontitis. Additionally, the
decrease in GCF and serum endocan levels after NSPT
suggests there may be prognostic value in assessing
endocan levels during periodontal treatment.

Correlations among GCF endocan, VEGF-A, and
TNF-a levels and PD were also evaluated. There was no
significant relationship between total amounts of endo-
can or VEGF-A and PD. The only correlation found was
between TNF-a and PD. Theoretically, this can be ex-
plained by TNF-« being one of the cytokines in the acute-
phase reaction, which encourages the inflammatory
response, whereas endocan and VEGF-A primarily have
effects in angiogenesis during healing from disease.

The current findings, considering all groups to-
gether, showed a positive and significant correlation
between total amounts of TNF-a and VEGF-A, en-
docan, CAL, and GI. Similarly, there was a significant
relationship between total amounts of VEGF-A and
TNF-a, endocan, CAL, and GI. Pradeep et al.2> also
found a positive significant correlation between GCF
VEGF-A levels and CAL in a periodontitis group. More
importantly, in terms of the study hypothesis, there
was a positive and significant relationship between
total amounts of endocan and TNF-«, VEGF-A, CAL,
and Gl in all groups. This finding indicates that there
may be a proinflammatory impact of endocan in CP.
Finally, these results suggest that increased TNF-«
and VEGF-A levels may be related to production of
endocan in patients with CP.

CONCLUSIONS

From the findings reported here, GCF and serum en-
docan, VEGF-A and TNF-a levels were greater in
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patients with periodontal tissue destruction; after
NSPT, these levels decreased. The increase in levels of
endocan and TNF-a in GCF may indicate that endocan
can be produced by inflammatory cells in perio-
dontium. Thus, levels of endocan in periodontal tissues
suggest that it has potential as an inflammatory marker
and also may be useful as a diagnostic and prognostic
marker for periodontal disease. Further studies with
larger populations are needed to confirm these results
and to establish whether endocan is an inflammatory
marker for periodontal disease.
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