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Abstract: There are conflicting data regarding the
role of interleukin (IL)-17 in periodontal health and
disease. However, IL-18 levels are known to increase
with the severity of periodontal disease. The present
study was performed to explore the role of these
proinflammatory cytokines in periodontal disease
progression, and also to clarify the effect of periodontal
treatment on their concentration. Sixty age- and gender-
matched subjects were divided into three groups each
consisting of 20 subjects on the basis of gingival index
(GI), probing pocket depth (PPD), clinical attachment
loss (CAL) and radiological parameters (bone loss):
healthy (group 1), gingivitis (group 2) and chronic
periodontitis (group 3), while group 3 patients after
treatment constituted group 4. GCF samples collected
from all the groups were assayed by enzyme-linked
immunosorbent assay to estimate the levels of IL-17 and
IL-18. IL-18 levels in GCF increased proportionally with
the severity of periodontal disease, and decreased after
treatment. However, IL-17 levels in GCF were nearly
zero. Since our data indicate an absence of IL-17 in
GCF, it cannot be considered as a biomarker of
periodontal disease progression, at least in Indian
populations. However, IL-18 appears to be a good
inflammatory biomarker. (J Oral Sci 51, 261-266, 2009)
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Introduction
The incidence and progression rate of periodontal disease

depends on complex interaction between periodonotopathic
bacteria and cells of the host immune system (1-3). These
interactions are mediated by cytokines and chemokines,
which are produced by both resident and emigrant cells
at the site of inflammation. Cells that produce cytokines
include macrophages/monocytes, dendritic cells, lympho-
cytes, neutrophils, endothelial cells, and fibroblasts (4).
Cytokines are central to the pathogenesis of an ever-
increasing number of diseases, including periodontal
disease. It has been postulated that “appropriate” cytokine
production results in protective immunity, whereas
“inappropriate” cytokine production leads to tissue
destruction and disease progression (5). The balance
between cellular and humoral responses, for example, is
strongly regulated by the balance between Th1 and Th2
subsets (6). It is generally agreed that control of the
Th1/Th2 balance is central to the immunoregulation of
periodontal disease (7). It has also been suggested that stable
periodontal lesions are mediated by Th1 cells, whereas
lesion progression reflects a shift toward Th2 cells (5,8).

Interleukin-17 (IL-17) is a proinflammatory cytokine
derived from T cells and produced mainly by cells of the
Th1/Th0 phenotype but not cells of the Th2 phenotype (9).
Recent findings have defined IL-17-producing cells as a
new Th cell lineage, renamed Th17 (10). Th17 cells are
highly proinflammatory and can mediate autoimmune
diseases. It is proposed that induction of Th17 responses
requires three distinct steps: induction, amplification and
stabilization, whereby transforming growth factor (TGF)-
β plus IL-6 induce differentiation of Th17 cells, IL-21
amplifies the frequency of Th17 cells, and IL-23 stabilizes
the phenotype of previously differentiated Th17 cells.
Loss of any of one of the members in this pathway (IL-6,

Journal of Oral Science, Vol. 51, No. 2, 261-266, 2009

Correspondence to Dr. Avani Raju Pradeep, Department of
Periodontics, Government Dental College and Research Institute,
Fort, Bangalore-560002, Karnataka, India
Tel: +91-80-26705053
Fax: +91-80-26703176 
E-mail: periodontics_gdc@rediffmail.com

Exploring the role of Th1 cytokines: interleukin-17 and
interleukin-18 in periodontal health and disease

Avani R. Pradeep, Parag Hadge, Shikha Chowdhry, Swati Patel and Daisy Happy

Department of Periodontics, Government Dental College and Research Institute, Bangalore, India

(Received 25 December 2008 and accepted 19 March 2009)

Original



262

IL-21 or IL-23) severely limits the Th17 response (11,12).
IL-17 has been shown to stimulate epithelial, endothelial
and fibroblastic cells to produce IL-6, IL-8, and PGE2 (13).
In addition, IL-17 induces receptor activator of nuclear
factor kappa B ligand (RANKL) production by osteoblasts
(14). It has been hypothesized that IL-17 is produced in
periodontal lesions, which may be involved in Th1
modulation and enhance inflammatory reactions via
gingival fibroblast-derived mediators in periodontal disease.
IL-17 was found to be undetectable in gingival crevicular
fluid (GCF) in periodontitis lesions (15). However, Vernal
et al. showed that IL-17 was present at higher levels in the
GCF and in supernatants from cellular cultures of gingival
tissue from periodontitis patients than in those from healthy
subjects, suggesting a role for IL-17 in the pathogenesis
of chronic periodontitis (16). It was demonstrated that
Porphyromonas gingivalis outer membrane protein (OMP)
induced a significant increase in the production of IL-17
in periodontitis patients, and that after stimulation IL-17
was detected more frequently in patients with periodontitis
than in those with gingivitis (17). Recently, Cardoso et al.
demonstrated elevated levels of IL-17, TGF-β, IL-1β, IL-
6, and IL-23 messenger RNA and protein in diseased
tissues as well as the presence of Th17 cells in gingiva from
patients with periodontitis. Moreover, IL-17 and the bone
resorption factor RANKL were expressed abundantly in
alveolar bone of diseased patients, in contrast to low
expression in healthy controls (18).

Interleukin-18 (IL-18) is a proinflammatory cytokine of
the IL-1 superfamily and was originally identified as
interferon-γ (IFN-γ) inducing factor. It is unique in having
a capacity to induce either Th1 or Th2 differentiation,
depending on the immunological context (19). It is
expressed by macrophages/monocytes and oral epithelial
cells, and upregulated in various chronic diseases including
periodontal disease. IL-18 could play an important role in
gingival inflammation, as relatively high expression of IL-
18 has been found in gingival samples with increasing
sulcular depth (20). It has been shown that the levels of
IL-18 in gingival crevicular fluid (GCF) are increased at
sites of both gingivitis and periodontitis, suggesting an
association between the severity of periodontal disease and
the level of IL-18 (21). Recently, Figueredo et al. reported
that levels of IL-18 were higher in patients with chronic
periodontitis than in those with gingivitis, even at sites with
similar pocket depths (22).

To date, no study has investigated IL-17 and IL-18
levels in GCF in diseased or healthy periodontal tissue
before and after periodontal therapy, i.e. scaling and root
planning (SRP). In this context, the present study was
designed to assess the role of these cytokines in periodontal

disease progression and also to clarify the effect of
periodontal treatment on their concentrations.

Materials and Methods
The study population comprised 60 subjects (30 males,

30 females) aged between 23 and 49 years attending the
outpatient section of the Department of Periodontics,
Government Dental College and Research Institute,
Bangalore. Approval for the study was obtained from the
institutional ethics committee. The patients were given an
explanation of the study procedure, and written informed
consent was obtained from those who agreed to participate
voluntarily in this study. Exclusion criteria included: a
history of smoking, systemic diseases such as diabetes
mellitus, rheumatoid arthritis, inflammatory bowel disease,
pulmonary disease, multiple sclerosis, obesity, bacterial,
viral and fungal systemic infections, aggressive perio-
dontitis, and subjects who had received periodontal therapy,
antibiotics or non-steroidal anti-inflammatory drugs within
preceding 6 months.

Each subject underwent full-mouth periodontal probing
and charting, along with periapical radiographs using the
long-cone technique. Radiographic bone loss was recorded
to differentiate chronic periodontitis (CP) patients from
other groups. Furthermore, no delineation was attempted
within the chronic periodontitis group based on the extent
of alveolar bone loss. Based on the gingival index (GI) (23),
probing pocket depth (PPD), clinical attachment loss
(CAL) and radiograph evidence of bone loss, the subjects
were categorized into three groups. Group 1 (Healthy)
comprised 20 subjects with clinically healthy periodontium,
with GI ≤ 1, CAL = 0 mm, and PPD ≤ 3 mm. Group 2
(Gingivitis) comprised 20 subjects who showed clinical
signs of gingival inflammation, GI > 1, without any
attachment loss, and PPD ≤ 3 mm. Group 3 (Chronic
periodontitis) comprised 20 subjects who had signs of
clinical inflammation, GI > 1, CAL ≥ 3 mm with
radiographic evidence of bone loss, and PPD ≥ 4 mm.
Patients with chronic periodontitis (group 3) were treated
with a non-surgical approach, i.e., SRP and GCF samples
collected from the same sites 6 to 8 weeks after treatment
to constitute group 4 (post-treatment group).

Site selection and GCF collection
All the clinical and radiological examinations, group

allocation and sampling site selection were performed by
one examiner (ARP) and the samples were collected on
the subsequent day by second examiner (PH) or (SC) to
prevent contamination of GCF with blood associated with
probing of inflamed sites on day 1. The subjects were seated
comfortably in an upright position on the dental chair, and
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the area to be examined was well illuminated. A sterile
mouth mirror and a University of North Carolina
periodontal probe (UNC 15, Hu-Friedy Chicago, IL, USA)
were used to clinically examine the periodontal status. The
test site for GCF sample collection was selected based on
the highest scored sites in the oral cavity i.e., the site
showing most severe inflammatory signs (in gingivitis
cases) or greatest amount of attachment loss (in chronic
periodontitis cases) along with radiographic confirmation
of alveolar bone loss, and the same test site was selected
for the after-treatment group. In the healthy group, to
ensure adequate volume, GCF was pooled from multiple
sites with no inflammatory signs. On the subsequent day,
after gently drying the area with a blast of air, supragingival
plaque was removed without touching the marginal gingiva.
The area was isolated using cotton rolls to prevent saliva
contamination, and GCF was collected by placing the
microcapillary pipettes at the entrance of the gingival
sulcus, and gently touching the marginal gingiva. From each
test site, a standardized volume of 1 µl was collected using
the calibration on white color-coded 1-5-µl calibrated
volumetric microcapillary pipettes [Sigma-Aldrich
Chemical Company, USA (Catalog no. p 0549)] using an
extracrevicular approach (“unstimulated”). Each sample
collection was allotted a maximum of 10 minutes, and some
test sites in the healthy group that did not express any
volume of GCF within the allotted time were excluded from
the study. Furthermore, any micropipettes that were
suspected to be contaminated with blood and saliva were
also excluded. The GCF collected was immediately
transferred to an airtight plastic vial and stored at -70°C
until assay.

IL-17 and IL-18 assay
The samples were assayed for IL-17 levels using a

Human IL-17 ELISA Kit [Quantikine R&D Systems,
MN, USA (Catalog No. D1700)] and for IL-18 levels
using a Human IL-18 ELISA Kit [Bender MedSystemsTM,
Vienna, Austria (Catalog No. BMS 267/2)] in accordance
with the manufacturer’s instructions. Absorbance of each

well was read on the ELISA reader using 450 nm and 405
nm as the primary wavelength for IL-17 and IL-18,
respectively. The concentrations of IL-17 and IL-18 in the
tested samples were estimated using the standard curve.

Statistical analysis
Statistical analysis was performed using the SPSSPC/

Windows version 10.5 software package (SPSS Inc.,
Chicago, IL, USA). Parametric tests were carried out for
comparing the means of IL-18 concentration in different
groups. Paired t-test was used to compare cytokine
concentrations in GCF in groups 3 and 4. Pairwise
comparison using Duncan’s test for GCF cytokines was
carried out to explore pairs that differed significantly at P
< 0.05. Pearson’s correlation test was used to observe any
correlation between the GCF cytokine concentrations and
clinical parameters.

Results
The descriptive data for concentrations of IL-17 and IL-

18 in groups 1, 2 and 3 are shown in Table 1. The results
indicated that the interleukin-17 concentration in GCF
was close to 0 pg/µl in all groups. The mean IL-18
concentration in GCF was highest in group 3, i.e. 450.54
pg/µl, and lowest in group 1, i.e. 26.68 pg/µl. The mean
concentration in GCF in group 2 (93.34 pg/µl) and that in
group 4 (89.09 pg/µl) fell between the highest and the lowest
values. The results of ANOVA showed that the difference
in levels of IL-18 amongst these groups was statistically
significant at P < 0.05. Patients with chronic periodontitis
showed a significant decrease in IL-18 levels after the
treatment (Table 2). The results suggested that IL-18 levels
increased in GCF from a healthy state to periodontitis, and
further as the severity of the disease increased. Pairwise
comparison showed that these differences were statistically
significant between Groups 1 and 2, Groups 1 and 3, and
Groups 2 and 3 (P < 0.05) (Table 1). IL-18 levels in GCF
were positively correlated with PPD and CAL in Groups
3 and 4 (Table 3).

Table 1 Descriptive statistics of the study population showing mean, standard deviation, GI, CAL, PPD, IL-17 and IL-18
levels in GCF
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Discussion
Investigations into the etiology of periodontal disease

have suggested that infection by one or more virulent
bacteria, interplay of host factors, or an interaction of
both may be responsible. These interactions are mediated
by cytokines produced by heavy lymphocytic infiltration
into periodontal tissues, and these cytokines represent an
important component of the immune response to bacterial
lipopolysaccharides.

IL-17, produced mainly by cells with a Th0/Th1 profile,
is a proinflammatory cytokine. IL-17 may affect osteoclastic
bone resorption by stimulating osteoblasts to produce
factors that affect the activity and/or formation of
osteoclasts; osteoblasts are IL-17-responsive cells and
express mRNA encoding the IL-17 receptor (24). Hence
it is hypothesized that T cells in periodontal tissues produce
and exacerbate inflammatory periodontal disease, activating
gingival fibroblasts to produce inflammatory mediators and
can playing a role in bone cell metabolism via T-cell-
derived cytokines (15).

IL-18 may be one of the cytokines responsible for
initiation and progression of periodontal destruction.
Previous data indicate that IL-18 induces release of matrix
metalloproteinase (MMP)-9 and IL-1β, which both have
proinflammatory and tissue degradation effects (25). Since
these events also occur in chronic periodontal inflammation,
it seems worthwhile to evaluate IL-18 levels in normal and
diseased periodontium.

The present study demonstrated that the total concent-
ration of cytokine IL-17 in GCF of all subjects in the
different groups was close to 0 pg/µl. This is contrary to
the findings of Vernal et al. in a Chilean population, who
showed a higher total amount of IL-17 in GCF in subjects

with periodontitis than in healthy individuals (16). However,
our results were in accord with a previous study by
Takahashi et al., who also failed to detect IL-17 in GCF
samples from Japanese patients with periodontitis (15).
Recently it was found that endothelin-1 was also not
detectable in GCF samples from the Indian population (26).

There are several possible explanations for the failure
to detect IL-17 in GCF.

• IL-17 produced by activated T cells in periodontal
lesions could have been bound to IL-17 receptor-
positive cells.

• IL-17 may be degraded by both bacteria and host cell-
derived proteases in the gingival crevice, as is the
case for IgG A1 (27).

• The amount of IL-17 in GCF may be relatively low.
Hence, more sensitive ELISA kits should be developed
for estimation of IL-17 than those used in the present
and previous studies, which have a sensitivity of 15
pg/ml.

• IL-17 was detected in a Chilean population but was
undetectable in a Japanese population. The results for
our (Indian) population were in accordance with the
latter, and could be explained on the basis of a
heterogeneous response due to racial variation in the
study populations, as has been reported for other
cytokines (26,28). Thus, it can be postulated that
expression of IL-17 shows racial variation.

Also, the improvement in clinical parameters (GI, PPD
and, CAL) in the present study could not have been
correlated with IL-17 levels, in view of the absence of IL-
17 in GCF. However, further studies should be conducted
using a larger sample size or by testing subjects with
different types of periodontitis, or by examining the mRNA
expression of different forms of IL-17 (A-F).

The present study showed that the levels of IL-18 in GCF
increased with the severity of periodontal disease. In
addition, the levels of IL-18 were found to decrease
significantly after periodontal therapy (SRP) in the chronic
periodontitis group. The present study is the first to have
investigated the concentrations of IL-18 in GCF in both
periodontal health and disease, and to have assessed the
effect of non-surgical periodontal therapy on IL-18
concentration. The influence of subject age and gender on
the concentrations of IL-17 and IL-18 was minimized/
nullified by selecting subjects within a fairly narrow age

Table 3 Pearson’s correlation coefficient test comparing GCF
IL-18 and other variables

Table 2 Paired t-test to compare IL-18 concentrations in GCF in group 3 and group 4
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range of 23 – 49 years and including an equal number of
males and females in each group. Our study comprised four
groups (healthy, gingivitis, chronic periodontitis and
chronic periodontitis after treatment), and in this respect
differed from previous studies (21,22) that examined only
subjects with gingivitis and periodontitis. Those studies
also did not evaluate the effect of non-surgical periodontal
therapy (SRP) on IL-18 levels in GCF, which might have
further confirmed the role of IL-18 in periodontal disease.
GCF was collected using microcapillary pipettes to avoid
non-specific attachment of the analyte to filter paper fibers,
which would have falsely reduced the levels of detectable
cytokines, leading to underestimation of the correlation
between IL-18 levels and disease severity/progression
(29). The only disadvantage of this method is the possibility
of trauma to the marginal gingiva, and therefore utmost
care was taken to avoid this during GCF collection. The
microcapillary pipette was placed at the entrance of the
gingival crevice until it gently touched the gingival margin,
and the collection time was restricted to no more than 10
min.

Our study demonstrated that the IL-18 concentration in
GCF increased proportionally with the progression of
periodontal disease. When GCF IL-18 values were
considered, our results were in accord with those of
previous studies (21,22). Additionally, we found a signifi-
cant reduction in the levels of IL-18 in GCF, and there was
a positive correlation among GCF IL-18 levels in PPD and
CAL in Groups 3 and 4. The variability of IL-18 con-
centration among the patients in each group can be
attributed to differences in disease stage at the time of GCF
sampling. A few samples in group 2 (gingivitis) showed
values close to those in group 3 (chronic periodontitis),
which could have been attributable to near-conversion of
gingivitis lesions to chronic periodontitis that was not
clinically detectable. Furthermore, there was a significant
overlap between the gingivitis group and the post-treatment
(chronic periodontitis) group, due possibly to individual
variation in the resolution of periodontitis after treatment.

Elevated plasma IL-18 concentrations have been
associated with poor clinical outcome in severe inflam-
matory and septic conditions. For this reason, IL-18 has
been proposed as a marker for monitoring severe
inflammatory conditions and, in particular, suspected
Gram-positive sepsis (30). Similarly, periodontal inflam-
mation may not be resolved successfully if IL-18
accumulates. Furthermore, treatment aimed at arresting
periodontal disease progression resulted in a statistically
significant reduction of IL-18 concentration in GCF.

Since our data revealed an absence of IL-17 in GCF, it
cannot be considered a biomarker of periodontal disease

progression, at least in the populations we studied. However,
controlled longitudinal prospective studies involving a
larger population and using more solid-phase assays should
be done to confirm this conclusion. On the other hand, the
relatively high levels of IL-18 in GCF in patients with
periodontal disease confirm that it is an important factor
involved in periodontal destruction. Thus, IL-18 can be
considered an inflammatory biomarker of periodontal
disease and deserves further consideration in the
development of methods for prevention and therapy.
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