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Background and Objective: This study was planned to investigate whether
patients with chronic periodontitis exhibit different salivary and/or plasma
concentrations of interleukin (IL)-17 and IL-18 compared with clinically
healthy subjects.

Material and Methods: Whole saliva and blood samples, together with full-mouth
clinical periodontal recordings, were obtained from 22 otherwise healthy untreated
nonsmokers with chronic periodontitis and from 21 systemically and periodontally
healthy control subjects. The concentrations of IL-17 and IL-18 in saliva and
plasma were determined using ELISAs.

Results: The healthy control group exhibited significantly lower values in all
clinical periodontal measurements (p < 0.001). The salivary concentration of
IL-17 was significantly lower, and that of IL-18 significantly higher, in patients
from the chronic periodontitis group compared with healthy control subjects

(p = 0.025 and p = 0.009, respectively). Plasma IL-17 and IL-18 concentrations
were similar in the two study groups (p > 0.05).

Conclusion: Within the limits of the present study, it may be suggested that an
elevated salivary IL-18 level in untreated nonsmoker chronic periodontitis patients
has the potential to be a biomarker for periodontal tissue destruction.
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Chronic periodontitis is a bacterially
induced inflammatory disease, and
immune response plays a major role in
alveolar bone destruction observed in
this disease entity. It has been postu-
lated that ‘appropriate’ cytokine pro-
duction results in protective immunity,
while ‘inappropriate’ cytokine produc-
tion leads to tissue destruction and
disease progression (1). Furthermore,
it is largely accepted that the control of
the T helper 1 (Th1)/T helper 2 (Th2)

cell balance is central to the immuno-
regulation of periodontal disease (1,2).

Interleukin (IL)-17 is a T-cell-de-
rived cytokine that is also produced by
macrophages, dendritic cells, mast cells
and natural killer cells (3). The IL-17
family includes IL-17A, IL-17B,
IL-17C, IL-17D, IL-17E (IL-25) and
IL-17F. IL-17-producing CD4 " T cells
(Th17 cells) are a cell population dis-
tinct from Thl and Th2 cells. IL-17
synergizes with other cytokines,

including IL-1f, tumor necrosis fac-
tor-o  (TNF-a), oncostatin M and
interferon-y, resulting in profound
biologic effects in vivo (4). IL-17
increases RANKL expression and
concomitantly decreases osteoproteg-
erin expression in osteoblastic cells in
vitro and in vivo, thereby enhancing
osteoclast formation and bone erosion
in a mouse model of arthritis (5). IL-17
drives bone remodeling, like many
inflammatory cytokines, and favors



bone loss (6). On the other hand, IL-17
has been suggested to play a bone-
protective role from pathogens such as
Porphyromonas gingivalis (7). There-
fore, the role of IL-17 in periodontal
disease is still obscure. IL-17 was
detected in biopsy samples of peri-
odontal tissue obtained during peri-
odontal surgery (8). The levels of IL-17
are significantly higher in gingival
crevicular fluid samples and culture
supernatants of gingival cells in peri-
odontitis patients than in healthy con-
trols (9). IL-17 has been suggested to
have pro-inflammatory effects, causing
bone resorption and inflammation by
inducing the secretion of IL-1p, TNF-a
and IL-6, while it also stimulates
chemokine release and induces the
expression of various MMPs (10,11).

IL-18 is a pro-inflammatory cyto-
kine of the IL-1 superfamily and was
originally termed interferon-y-inducing
factor. IL-18 is produced by activated
macrophages, keratinocytes, dendritic
cells, intestinal epithelial cells, osteo-
blasts and adrenal cortex cells (12). It
plays a pro-inflammatory role along-
side IL-1B, and amplifies immune
responses by inducing other cytokines
(IL-1B, TNF-a and IL-8) (13). TL-18
can drive both Thl and Th2 responses
(12,14). It can stimulate neutrophil
migration/activation and osteoclastic
activity, and is important in the
removal of intracellular pathogens and
viruses (15-17). IL-18 has been sug-
gested to be related to periodontal
disease because increased levels have
been reported in gingival crevicular
fluid, serum and gingival tissue samples
(18-23).

Saliva has the potential to provide
information on systemic, as well as oral
health status. Whole saliva contains
constituents of exocrine glands in the
oral cavity and also gingival crevicular
fluid. Saliva is readily available and
easily collected without specialized
equipment or personnel. In addition,
as whole saliva represents a pooled
sample with contributions from all
periodontal sites, analysis of biomar-
kers in saliva may provide an overall
assessment of disease status as opposed
to site-specific gingival crevicular fluid
analysis (24). Plasma, on the other
hand, can provide information about
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the inflammatory stimulus and/or
response generated in the circulation
towards periodontal pathogens that
colonize the subgingival area.

As yet, the relationship between
chronic periodontitis and the concen-
trations of salivary and plasma IL-17
and IL-18 has not been clarified. As a
result of their pro-inflammatory func-
tions, our hypothesis was that the
salivary and/or plasma concentrations
of IL-17 and IL-18 may be increased in
chronic periodontitis patients and may
have potential as biomarkers. There-
fore, the aim of this study was to
investigate whether patients with
chronic periodontitis exhibit different
salivary and plasma concentrations of
IL-17 and IL-18 than the periodontally
healthy control subjects.

Material and Methods

Study population

A total of 43 untreated subjects initially
presenting to the School of Dentistry,
Ege University, were included in the
present study. Twenty-two otherwise
healthy, untreated nonsmoker chronic
periodontitis patients and 21 non-
smoker systemically and periodontally
healthy subjects were recruited between
May 2008 and December 2009. The
male/female ratios were 16/6 and 11/10,
respectively, in the chronic periodonti-
tis and clinically healthy control
groups. The study was conducted in full
accordance with ethical principles,
including the World Medical Associa-
tion Declaration of Helsinki. The study
protocol was explained, and written
informed consent was received from
each individual before clinical peri-
odontal examination and saliva sam-
pling were carried out. Medical and
dental histories were obtained. All
patients with chronic periodontitis had
at least 20 teeth. Patients with medical
disorders such as diabetes mellitus,
immunologic disorders and hepatitis,
and those who had received antibiotic
or periodontal treatment in the previ-
ous 6 mo, were excluded from the
study.

Chronic periodontitis was diagnosed
in accordance with previously reported
clinical criteria (25). The group of
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patients with chronic periodontitis had
at least four teeth in each jaw with a
probing depth of > 5 mm, a clinical
attachment level of > 4 mm and > 50%
alveolar bone loss in at least two
quadrants. Assessment of the extent
and severity of alveolar bone loss was
performed radiographically. Bitewing
radiographs were evaluated to deter-
mine interproximal bone loss from the
cemento—enamel junction of the tooth
to the bone crest. These patients also
had bleeding on probing at > 80% of
the proximal sites. Moreover, the clin-
ical attachment level was commensu-
rate with the amount of supragingival
plaque. The healthy control group had
at least 20 teeth, and >90% of the
measured sites exhibited a probing
depth of < 3 mm, a clinical attach-
ment level of < 1 mm, low levels of
bleeding on probing and no radio-
graphic sign of alveolar bone loss (i.e.
a distance of < 3 mm between the
cemento—enamel junction and the bone
crest at > 95% of the proximal tooth
sites).

Saliva sampling

In the morning following an overnight
fast, during which subjects were
requested not to drink (except water)
or to chew gum, whole saliva samples
were obtained by expectorating into
polypropylene tubes; clinical period-
ontal measurements and any necessary
periodontal interventions were then
carried out. The method described by
Navazesh (26) was used for saliva
sampling. The saliva samples were
clarified by centrifugation (800 g) for
10 min at +4°C and aliquoted into
500-puL. amounts with H,O. The sam-
ples were immediately frozen and
stored at —40°C until the sample col-
lection period was completed; samples
were kept frozen until required for
assays, when they were thawed imme-
diately before use.

Plasma sampling

The venous blood samples
collected using a standard venipunc-
ture method and the plasma was sep-
arated from blood by centrifugation
at 1500 g for 10 min. The plasma

were
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samples were then stored at —40°C
until required for biochemical analy-
ses, when they were thawed immedi-
ately before use.

Clinical measurements

Subsequent to saliva sampling, clinical
periodontal  recordings, including
dichotomous plaque index (+/-),
probing depth, clinical attachment
level and presence of bleeding on
probing (+/-), were performed at
six sites (mesio-buccal, mid-buccal,
disto-buccal, mesio-lingual, mid-lin-
gual and disto-lingual) on each tooth
present, except for the third molars,
using a Williams periodontal probe
(Hu-Friedy, Chicago, IL, USA). The
clinical attachment level was assessed
from the cemento—enamel junction to
the base of the probable pocket.
Bleeding on probing (deemed positive
if it occurred within 15 s after peri-
odontal probing) and visible plaque
accumulation were recorded dichoto-
mously by visual examination. All
measurements were performed by a
single calibrated examiner (0.0.). The
intra-examiner reliability was high,
as revealed by intraclass correlation
coefficients of 0.87 and 0.85 for prob-
ing depth and clinical attachment level
measurements, respectively.

Measurement of IL-17A and IL-18 in
saliva and plasma samples

The ELISA development kits (Bender
MedSystems, Vienna, Austria) were
used to analyze the concentrations of
both IL-17 and IL-18 in the saliva and
plasma samples. For both saliva and
plasma samples a standard volume of
100 pL was assayed. The saliva samples
were assayed neat, whereas the plasma
samples were diluted by '2. The man-
ufacturers’ guidelines were followed for
each assay. The concentrations of
IL-17A and IL-18 in the saliva and
plasma samples were then determined
by comparing the average absorbance
readings of each sample with the con-
centrations in the assay standard curve.
The results were expressed as pg/mL
and the lower detection thresholds for
the IL-17A and IL-18 assays were 0.5
and 9 pg/mL, respectively.

Statistical analysis

A pilot experiment, where the concen-
tration of IL-18 was measured and a
20% difference was obtained, was uti-
lized for statistical power calculations.
With a power of 80% and o = 0.05,
the minimum number of subjects
required for the comparisons was 20
for each group.

Both clinical and biochemical
parameters were tested for normality
using the Shapiro-Wilk test. As they
were not normally distributed, the
data were analyzed using nonpara-
metric tests. The concentrations of
IL-17 and IL-18 were compared
between the chronic periodontitis and
periodontally healthy groups using the
Mann—Whitney U-test, separately for
plasma and saliva samples. The
possible correlations between the bio-
chemical variables and the clinical
periodontal measurements were com-
puted using the Spearman rho rank
test. All tests were performed at a
significance level of oo = 0.05. All sta-
tistical calculations were performed
using the statistical software package
(SPSS Tiirkiye, version 17.0; Maltepe,
Istanbul, Turkey).

Results

Clinical analyses

Demographic variables, median values
and mean values of clinical periodontal
measurements are outlined in Table 1.
The age range of the healthy control
group was 31-65 years, whereas that
of the chronic periodontitis group was

35-65 years. The patients in the healthy
control group were significantly youn-
ger than the patients in the chronic
periodontitis group (p = 0.004). There
was no significant difference in gender
distribution between the study groups

(» = 0.21).

Salivary and plasma concentrations
of IL-17 and IL-18

The salivary IL-17 concentrations were
significantly lower in the chronic peri-
odontitis group than in the control
group (p = 0.009). The salivary IL-18
concentrations were significantly high-
er in the chronic periodontitis group
than in the control group (p = 0.025).
The plasma IL-17 and IL-18 concen-
trations were similar in both the
chronic periodontitis and control
groups (p > 0.05) (Table 2).

Salivary IL-17 concentrations cor-
related with plaque index in the
chronic periodontitis patients (rr =
0.437, p = 0.042). Correlation analy-
ses between the clinical parameters and
analyte concentrations revealed signif-
icant, positive correlations between
the plasma IL-18 concentrations and
probing depth and plaque index in
the chronic periodontitis group (r =
0.599, p = 0.003 and r = 0.563, p =
0.044, respectively). Salivary IL-18
concentrations correlated with probing
depth and bleeding on probing in the
chronic periodontitis group (r = 0.428,
p = 0.047 and r = 0.403, p = 0.029,
respectively). No significant correla-
tions were observed between plasma
and salivary IL-17 and IL-18 concen-
trations.

Table 1. Clinical periodontal measurements in patients with chronic periodontitis and in

periodontally healthy subjects

Chronic periodontitis

Periodontally healthy

(n =122 (n =21)

Clinical Median Mean Median Mean

variable (min.—max.) (SD) (min.—max.) (SD) p value
Age (years)  48.00 (35-65) 49.60 (8.27)  41.00 (31-65) 41.90 (8.13) 0.004
PD (mm) 3.91 (3.1-6.6) 4.09 (0.97) 1.60 (1.2-1.9) 1.60 (0.19) <0.001
CAL (mm) 5.40 (3.4-9.1) 5.59 (1.4) 0.00 (0-0.6) 0.02 (0.13) <0.001
BOP (%) 72.00 (14-100)  68.00 (27.7)  10.00 (0-25) 12.00 (7.88) <0.001
PI (%) 95.00 (22-100)  79.70 (27.4)  18.00 (0-31) 16.10 (9.7) <0.001

BOP, bleeding on probing; CAL, clinical attachment level; max., maximum; min. minimum;
PD, probing depth; PI, plaque index; SD, standard deviation.
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Table 2. Salivary and plasma concentrations of interleukin (IL)-17 and IL-18 in the study

groups
Chronic periodontitis (n = 22) Periodontally healthy
(n = 21)
Median Mean Median Mean
(min.—max.) (SD) (min.—max.) (SD) p value
Saliva
IL-17 1.09 (0.94-8.25) 2.22 (1.87) 2.51 (1.83-4.24) 2.9 (0.82) 0.009
IL-18 193.91 275. 05 121.73 143.71 0.025
(35.78-1386.4) (289.46) (35.73-442.06) (103.68)
Plasma
IL-17 2.38 (2.03-8.01) 3.19 (1.43) 2.54 (2.06-8.56) 3.32 (1.6) 0.961
IL-18 219.72 238.39 180.97 273.18 0.865
(79.26-532.73) (106.42) (79.26-837.53) (198.32)

max., maximum; min. minimum; SD, standard deviation.

Discussion

In the present study, we analyzed the
salivary and plasma concentrations of
IL-17 and IL-18 in chronic periodon-
titis patients as well as in healthy sub-
jects, all of whom were nonsmokers.
Significantly lower salivary IL-17 con-
centrations and higher IL-18 concen-
trations were present in the chronic
periodontitis patients than in the
patients of the control group. The
IL-17 and IL-18 concentrations in
plasma were similar in both study
groups. It has been reported that host
cytokine levels are affected by smoking
(27-29). Therefore, only nonsmoker
individuals were included in the pres-
ent study. The subjects in the healthy
control group were significantly youn-
ger than the patients in the chronic
periodontitis group. However, because
there was no correlation between age
and IL-17 and IL-18 levels, and no
publication has suggested that age
affects the levels of IL-17 and IL-18, we
claim that this age difference had no
effect on our present findings.

Several methods of saliva collection
are available, including the collection
of unstimulated whole saliva, the col-
lection of whole saliva stimulated with,
typically, paraffin wax, gum base or
citric acid, or the collection of saliva
from specific salivary glands. Whole
saliva contains gingival crevicular
fluid, immune cells and tissue metabo-
lites (26,30) and reflects most closely
the predominant intraoral condition
(31). Stimulation, on the other hand,
may increase the flow of gingival

crevicular fluid and this may result in
false increases in the concentration of
various components in the saliva (32).
Thus, we collected expectorated whole
saliva, where the degree of stimulation
was minimal relative to that obtained
when using gum, citric acid or paraffin
wax.

Th17 cells have been suggested to
play an important role in protective
antibacterial host responses in many
gram-negative infections (7,33,34). The
IL-17 family includes I1L-17A, IL-17B,
IL-17C, IL-17D, IL-17E (IL-25)
and IL-17F. IL-17A is the most studied
family member and is usually referred
to as IL-17. Accordingly, we evaluated
the saliva and plasma concentrations
of IL-17A in the present study.

Vernal et al. (9) reported a higher
concentration of IL-17 in the gingi-
val crevicular fluid of periodontitis
patients than in the gingival crevicular
fluid of healthy controls and suggested
a role for IL-17 in the pathogenesis of
chronic periodontitis. Lester ez al. (35)
found an increased concentration of
IL-17 in gingival tissue supernatants at
sites of severe attachment loss where a
positive  correlation detected
between the tissue level of this cytokine
and clinical attachment loss. Yetkin Ay
et al. (36) suggested that the decreased
ratio of IL-11/IL-17 in the gingival
crevicular fluid samples of patients
with chronic periodontitis compared
with clinically healthy subjects con-
firms that IL-17 may have a role in the
pathogenesis of chronic periodontitis.
In a recent intervention study (37),
the IL-17 concentration in gingival

was
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crevicular fluid was reported to
increase 4 wk after completion of
scaling and root planing, which can be
explained by the decrease in gingival
crevicular fluid volume sampled after
treatment. Johnson et al. (38) reported
similar gingival tissue concentrations
of IL-17 adjacent to pockets of > 6 mm
and healthy sulci of < 3 mm.
According to the present findings, the
plasma levels of IL-17 were similar in
the chronic periodontitis patients and
healthy control subjects, while salivary
IL-17 was lowered in the chronic peri-
odontitis patient group. Increased gin-
gival crevicular fluid levels of IL-17 in
the above-mentioned studies may
indicate a local event adjacent to areas
of bone resorption, with no significant
systemic sequelae. Therefore, saliva or
plasma samples may not reveal signif-
icant effects on IL-17 content and
indeed this seems to be the case
according to the present findings.

In fact, understanding the role of
Th17 cells and IL-17 in periodontal
disease is at its very early stages and
their specific role in disease pathogen-
esis and host protection is not known
(39). Increased levels of IL-17 in
patients with chronic periodontitis
have been reported in clinical studies
(8,9,40). Furthermore, /L-17 mRNA
was shown to be expressed at higher
levels in diseased gingival tissue
(41,42). Increased expression of /L-17
and RANKL mRNA were found in
chronic periodontitis lesions from
progressive periodontal lesions com-
pared with quiescent lesions (43),
leading to speculation that Th17 cyto-
kines associated with bone resorption
may be markers of, and mediators of,
periodontal disease activity (44). The
lack of a significant difference between
the present study groups in plasma
1L-17 levels may be explained by the
state of periodontal disease activity,
namely periodontal tissue breakdown
possibly being in the quiescent period.
The rather high variation also suggests
that samples from different disease
activity characteristics may have been
grouped together.

In a recent study, Schenkein ef al.
(44) investigated serum levels of I1L-17
in patients with aggressive periodonti-
tis in comparison with healthy controls
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and reported that it was barely
detectable in healthy individuals
(1.9 pg/mL), but was significantly ele-
vated in patients with localized and
generalized aggressive periodontitis
(7.6 and 17.1 pg/mL, respectively).
They speculated that this elevated ser-
um IL-17 level may well indicate an
autoimmune response when combined
with evidence that aggressive peri-
odontitis is familial and likely to have a
significant component of genetic risk
(44). Our present findings revealed low
plasma levels of IL-17 in periodontally
healthy subjects as well as in chronic
periodontitis  patients (2.54 and
2.38 pg/mL, respectively). These levels
are close to those reported in the
healthy control group in the study of
Schenkein et al. (44) and may be
regarded as expected because chronic
periodontitis differs from aggressive
periodontitis in many aspects, such as
genetic factors, progression rate and
susceptibility factors.

IL-18 contributes to the inflamma-
tory response by working in synergy
with other inflammatory cytokines,
particularly IL-12 (45). Elevated plas-
ma IL-18 concentrations were found in
severe inflammatory and septic condi-
tions, in association with poor clinical
outcome, and were proposed as a
marker of severe inflammatory condi-
tions (46). Schallhorn 47)
reported a significant, positive corre-
lation between plasma IL-18 levels and
bleeding on probing in patients
undergoing cardiac catheterization.

Johnson and Serio (19) reported that
the IL-18 concentrations in gingival
tissue samples were higher in sites with
a probing depth of > 6 mm compared
with healthy sites. Moreover, they
detected a positive correlation between
the concentration of IL-18 and probing
depth, suggesting a contribution of
IL-18 to a nonresolving hyper-inflam-
mation mediated by a shift towards a
Th2 response (19). IL-18 is up-regu-
lated during rheumatoid arthritis (48).
Periodontitis and rheumatoid arthritis
are chronic inflammatory diseases that
share similar biologic mechanisms of
tissue destruction. An altered systemic
immune response, manifested with
increased serum levels of IL-18, was
suggested to make patients with juve-
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nile idiopathic arthritis more prone to
periodontal disease progression (20).
Furthermore, Orozco et al. (21) inves-
tigated the gingival crevicular fluid
levels of various cytokines in gingivitis
and periodontitis patients and sug-
gested that there is an association
between the severity of periodontal
disease and the concentration of IL-18.
Figueredo et al. (18) also detected an
increased concentration of IL-18 in the
gingival crevicular fluid of period-
ontitis patients. Recently, Pradeep
et al. (23) reported that the IL-18
concentrations in gingival crevicular
fluid were higher in periodontitis
patients compared with gingivitis
patients and healthy controls, and that
the IL-18 concentration decreased after
initial periodontal therapy. They also
confirmed the positive correlation be-
tween gingival crevicular fluid IL-18
levels and probing depth and attach-
ment loss. Similarly, we detected
positive correlations between salivary
IL-18 levels and probing depth and
bleeding on probing in chronic peri-
odontitis patients. Our present findings
in saliva samples are in agreement with
previous reports and suggest that at
least some of this cytokine is produced
locally in the periodontal tissues, pro-
viding further support for the hypoth-
esis that IL-18 may be a biomarker for
periodontal tissue destruction (23).
IL-18 is synthesized intracellularly
as a biologically inactive precursor (49)
and is secreted as an 18-kDa inactive
form, requiring caspase-1 to cleave it
into the active IL-18 molecule (12).
This process could occur after toll-like
receptor (TLR)4 is activated by lipo-
polysaccharide (45). TLR2 and TLRS
in human gingival epithelial cells have
been suggested to co-operate with
IL-17 (50). In a previous part of this
study (51), we detected significantly
elevated concentrations of TLR4 in
saliva samples of patients with chronic
periodontitis. Taken together with our
previous findings, the present data now
suggest a relationship between elevated
salivary TLR4 and IL-18 levels.
Highly specific and sensitive bio-
markers for the diagnosis and moni-
toring of periodontal diseases are still
needed for early and better detection of
periodontal tissue destruction. The cut-

off level for a periodontitis site at risk
of disease progression has been de-
scribed previously for chairside MMPS§
point-of-care assays, and for the den-
toAnalyzer and dip-stick methods
(52,53). Studies on saliva samples and
various potential biomarkers in saliva
are currently receiving much attention
and may eventually lead to the devel-
opment of such chairside tests for the
early diagnosis of periodontal tissue
destruction.

In conclusion, within the limits of
the present study, it may be suggested
that an elevated concentration of sali-
vary IL-18 in untreated nonsmoker
chronic periodontitis patients has the
potential to be a biomarker for peri-
odontal tissue destruction and gingival
inflammation. Larger-scale and inter-
vention studies are required to address
this issue in greater detail.
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