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Abstract—We aimed to investigate serum and gingival crevicular fluid levels of myeloperoxidase,
interleukin-17, and interleukin-23 before and after nonsurgical periodontal therapy in generalized aggres-
sive periodontitis patients and compare to those in healthy controls. Interleukin-17, interleukin-23, and
myeloperoxidase levels were measured by enzyme-linked immunosorbent assay in gingival crevicular
fluid and serum samples taken from 19 systemically healthy generalized aggressive periodontitis patients
and 22 healthy controls. In addition, the levels of IL-17, IL-23, and myeloperoxidase were reassessed at
3 months after periodontal therapy in the generalized aggressive periodontitis (GAP) group. Periodontal
clinical parameters were also evaluated at baseline and 3 months post-therapy. The investigated molecule
levels in serum decreased significantly at 3 months as a result of the therapy (p=0.014 for IL-17, p=0.000
for IL-23, and p=0.001 formyeloperoxidase (MPO)). Significant reductions were also observed in gingival
crevicular fluid (GCF) IL-17, IL-23, andMPO levels at 3months after therapy (p=0.000 for all molecules).
However, the GCF levels of IL-17, IL-23, and MPO in GAP patients were still higher than those in the
controls at 3 months (p=0.001). A significant decrease in the local and systemic levels of IL-17, IL-23, and
MPO based on the therapy might indicate the role of these mediators for tissue destruction in periodontal
tissues.

KEY WORDS: aggressive periodontitis; IL-17; IL-23; myeloperoxidase; periodontal therapy; gingival crevicular
fluid; serum.

INTRODUCTION

Generalized aggressive periodontitis (GAP) is a rap-
idly progressive, rarely seen disease that systemically af-
fects healthy individuals at an early age, resulting in severe
bone and attachment loss, with a distinct tendency to run in
families [1]. Specific types of bacteria are essential for the
initiation and progression of periodontal diseases. Howev-

er, tissue destruction may result from an imbalance be-
tween host-destructive and host-protective mechanisms,
initiated by an infection [2, 3]. Periodontal lesions are
characterized by dense lymphoid infiltrates containing
CD4+ (cluster of differentiation) T-helper (Th) cells [4].
The involvement of Th1 and Th2 cells, which have differ-
ent profiles of cytokine secretion, is accepted in the path-
ogenesis and prognosis of periodontal diseases [5]. The
disruption of Th1 and Th2 cytokine profiles results in
inflammatory/immune diseases [6]. However, recently, a
distinct T-helper cell lineage (Th17) has also been identi-
fied [7]. These lymphocytes are thought to play a key role
in the pathogenesis of cell-mediated tissue damage caused
by autoimmunity [8] and protective immune responses
against a variety of microbial infections [9]. Interleukin-
17 (IL-17) is a proinflammatory cytokine and is produced
by Th17 cells and neutrophils [9–11]. IL-17 expression
was first reported in gingival tissues of periodontitis pa-
tients in 2004 [12]. IL-17 has already been shown to be
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prominently involved in the activation and recruitment of
neutrophils to inflammatory sites [13]. The first studies
regarding the association of IL-17 with periodontitis
assessed IL-17 levels in gingival biopsies [12, 14], gingival
crevicular fluid (GCF) [15], and peripheral blood [16, 17].
These studies helped in clarifying the potential role of IL-
17 in periodontal tissue breakdown and resulted in inter-
vention studies. Later, there are studies reporting increased
levels of IL-17 in chronic [8, 18–20] and aggressive peri-
odontitis [5, 20, 21]. IL-17 stimulates a variety of cell
types, including endothelial and epithelial cells and fibro-
blasts, to produce inflammatory mediators such as IL-1β,
IL-6, TNF-α, matrix metalloproteinases, and chemokines
[22, 23]. IL-17 is also involved in osteoclastogenesis, by
inducing the receptor activator of the NF-κB ligand
(RANKL) in osteoblastic cells [24]. The cytokine levels
in inflamed gingival tissues in periodontitis are higher than
those in healthy control tissues [25, 26]. Similarly, the
amount of IL-17 in GCF [25, 27] and serum IL-17 levels
[16] has been found to be significantly higher in periodon-
titis patients.

The production and development of Th17 cells is
dependent on IL-23, IL-6, and transforming growth
factor-β [28]. IL-23 is a recently identified proinflamma-
tory cytokine that belongs to the IL-12 heterodimeric cy-
tokine family and is produced by activated antigen-
presenting cells, such as dendritic cells and macrophages,
activated endothelial cells, monocytes, and Th cells [29,
30]. This cytokine is responsible for the differentiation and
expansion of Th17 cells [7]. In addition, IL-23 stimulates
Th17 cells to produce IL-17, regulates antibody produc-
tion, activates natural killer cells, and controls regulatory T
cells [31]. The IL-23/IL-17 pathway is currently an impor-
tant area in immunology research for its role in the devel-
opment of chronic inflammation and in host defenses
against bacterial infections [32]. The IL-23/IL-17 immune
pathway is activated in periodontitis lesions, and this axis
may be essential to understand the progression of peri-
odontitis [18, 25]. In addition, the pathology of GAP has
been suggested to be an interesting model for examining
the role of Th17 cells in periodontal disease [15].

IL-17 has a protective effect via mobilization of neu-
trophils against Porphyromonas gingivalis-induced bone
loss [33] and may increase the activity of proteolytic en-
zymes such as myeloperoxidase (MPO), which facilitates
the development of inflammation [13]. MPO is a major
constituent of the azurophilic granules of polymorphonu-
clear neutrophils (PMNs), and it oxidizes chloride ions to
the strong oxidant hypochlorous acid, the most bactericidal
oxidant produced by neutrophils [34]. MPO, considered as

a marker of neutrophil activation, has been found to be
elevated in inflamed regions [35]. MPO also contributes
directly to the activation of proteases (by inhibiting
antiproteases), which cause damage to connective tissue
[36, 37]. Levels of MPO have been evaluated in GCF [38,
39], blood [40, 41], and gingival tissue [42–44]. Being an
indicator of PMN infiltration, GCFMPO is associated with
the severity of periodontal disease [45]. MPO content has
also been shown to reflect the presence of systemic inflam-
mation, rather than a local inflammatory condition [46].

Periodontal therapy has been shown to yield a prom-
inent change in GCFMPO levels in GAP patients [47] and
in chronic periodontitis (CP) patients [38]. However, the
results regarding IL-17 and IL-23 are controversial. Non-
surgical periodontal treatment of CP patients may reduce
the expression of IL-17 [19]. Duarte et al. [20] evaluated
IL-17 and IL-23 levels in the serum of GAP and CP
patients before and after scaling and root planing (SRP)
and reported significantly higher levels of L-17 in the GAP
group than in the CP group and healthy controls at base-
line. In addition, the level of IL-17 decreased significantly
at 6 months post-therapy in the GAP group, similar to the
results of Zhao et al. [19]. In contrast, Ay et al. [48]
reported no significant difference in the amount of IL-17
in GCF between the GAP group and healthy controls. A
noteworthy increase in IL-23 concentrations in diseased
periodontal sites suggests its possible role in the pathogen-
esis of periodontal destruction [18, 49]. However, Duarte
et al. [20] did not find any significant differences in serum
levels of IL-23 among GAP, CP, and periodontally healthy
(PH) groups at baseline or after SRP.

We hypothesized that the presence of GAP, a severe
infectious and inflammatory disease, may be associated
with increased levels of proinflammatory mediators in
GCF and serum due to their local and systemic effects. In
addition, nonsurgical periodontal therapy could decrease
local and systemic levels of these mediators. Thus, we
investigated the levels of MPO, IL-17, and IL-23 in serum
and GCF and their correlations with clinical findings,
before and after nonsurgical periodontal therapy in GAP
patients, when compared with PH controls.

MATERIALS AND METHODS

Study Population and Study Design

The study protocol was approved by the Ethical
Committee of Istanbul University (Approval no:
2011/1993-861), and the methods were carried out in
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accordance with the guidelines of the Declaration of Hel-
sinki (version 2008). The aims and methods of the study
and potential risks and benefits were explained and in-
formed consent was obtained from all subjects. In total,
19 previously untreated GAP patients and 22 PH patients
were recruited between June 2011 and May 2013 at the
Periodontology Department, Faculty of Dentistry, Istanbul
University. The selection of GAP patients was made based
on the 1999 Classification of Periodontal Disease [50].
Patients in the GAP group had a family history of ≥1 other
family member presenting with or having a history of
severe periodontal problems, were <35 years of age, had
three teeth other than the first molars and incisors showing
a minimum of 5 mm attachment loss (AL), and had radio-
graphic evidence of advanced alveolar bone loss. PH sub-
jects were selected on the basis of having a mean probing
depth (PD) and AL ≤3 mm, a mean gingival index (GI) <1,
and no radiographical alveolar bone loss. In addition, all
study participants had never smoked and were not obese
[51] (BMI <30 kg/m2; BMI classification, 2012). PH
subjects were age- and gender-matched to the GAP pa-
tients. Inclusion criteria were being systemically healthy
and having not had any previous periodontal therapy. All
participants had more than 20 teeth. Exclusion criteria
included antibiotic therapy in the last 6 months, any
smoking habit at any period, any kind of regular medica-
tion, pregnancy, and lactation.

Clinical Periodontal Measurements and Periodontal
Therapy

Recorded periodontal parameters were as follows:
plaque index (PI) [52], GI [53], bleeding on probing
(BoP), PD, and clinical attachment level (CAL). All mea-
surements were performed at six sites on each tooth
(mesio-buccal, mid-buccal, disto-buccal, mesio-lingual,
mid-lingual, and disto-lingual), excluding third molars,
using a periodontal probe (Williams, Hu-Friedy, Chicago,
IL). All periodontal parameters were recorded at baseline
and 3months after therapy by the same calibrated examiner
(EC). An intraexaminer correlation coefficient of 0.85 for
PD measurements indicated that examiner reliability was
high. Nonsurgical periodontal treatment consisting of SRP
and reinforced oral hygiene instructions was accomplished
in 24 h in two sequential visits. No periodontal intervention
was carried out in the periodontally healthy controls.

GCF Sampling

GCF samples were collected from the four deepest
and nonadjacent periodontal pockets of GAP patients

1 week after clinical measurements. GCF samples from
PH controls were collected from four nonadjacent and
noninflamed sites. If necessary, supragingival plaque was
removed carefully from the interproximal surfaces with a
sterile curette; the study sites were gently dried using an air
syringe and were isolated by cotton rolls. Filter paper strips
(PerioPaper, Oraflow, Smithtown, NY) were placed gently
into the gingival sulcus/periodontal pocket until a mini-
mum of resistance was felt, and left there for 30 s. Strips
visibly contaminated with blood were discarded. Four
strips were obtained from all participants, pooled, and
stored −80 °C until the laboratory analyses.

Serum Sampling

Blood (5 mL) was obtained from the antecubital
vein by venipuncture and serum was separated by cen-
trifugation (3000 rpm, 10 min, cool). Separated serum
samples were collected into microcentrifuge tubes and
stored at −80 °C.

IL-17, IL-23, and MPO Analyses

Enzyme-linked immunosorbent assays (ELISA) were
used for the quantitative detection of IL-17A/F
(Diamicrone, France), IL-23 (Diamicrone, France), and
MPO (eBioscience, Vienna, Austria) levels in GCF and
serum. First, 350 μL phosphate-buffered saline (PBS)
0.05 % (w/v)-Tween-20 buffer was added to each
microcentrifuge tube containing strips. The day before
the analyses, GCF samples were kept at +4 °C overnight
on a shaking platform for the elution of GCF from the
strips. On the day of analysis, each sample was vortexed
for 1 min before processing. Then, 50 μL aliquots were
used for IL-17 analyses. These aliquots were diluted 2-fold
for serum and 4-fold for GCF IL-17 analyses. One hundred
microliter aliquots without any dilutions were used for both
serum and GCF IL-23 analyses; 100 μL aliquots were used
and 50-fold dilutions were prepared for serum and GCF
MPO analyses. Dilution factors were multiplied by the
concentration read from a standard curve, generated by
plotting the average absorbance of each standard on the
vertical axis versus the corresponding IL-17 standard con-
centration on the horizontal axis. The minimum detection
limits were 6.6 pg/mL, <20 pg/mL, and 0.03 ng/mL for IL-
17, IL-23, and MPO, respectively.

Statistical Analyses

The minimum required sample size was determined
to be 19 patients for each group with 99 % power and a
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0.05 significance level for PI, GI, and BoP. The SPSS
software (ver. 17 for Windows) was used to analyze the
study data. One-way analysis of variance (ANOVA) was
used to determine the presence/absence of intergroup dif-
ferences in age. The Shapiro-Wilk normality test was used
to determine whether the data were normally distributed.

The clinical periodontal parameters of PI, GI, PD, and
BoP were normally distributed, so a paired samples t test
was used to analyze the change between baseline and
3 months based on the therapy. To detect differences be-
tween GAP patients and healthy controls in terms of BoP
and PD at baseline and 3 months, an independent samples t
test was used. Because PI, GI, and CAL were not normally
distributed, the Mann-Whitney U test was used for inter-
group analyses of these parameters. As CAL was not
normally distributed, the change between baseline and
3 months was compared using the Wilcoxon test. For
intragroup analyses of the biochemical data, a paired sam-
ples t test was used to detect changes in the levels of IL-17
and MPO in serum and MPO in GCF, at 3 months when
compared with baseline. As the levels of IL-17 and IL-23
in GCF and IL-23 in serum were not normally distributed,
the Wilcoxon test was used. For intergroup analyses of the
biochemical data, an independent samples t test was used
to detect the differences in the levels of IL-17 in serum at
baseline and the levels of IL-23 in GCF andMPO in serum
at 3 months when compared with the healthy controls. The
baseline levels of IL-17, IL-23, and MPO in GCF; IL-23
and MPO in serum; IL-17 in GCF; and IL-17 and IL-23 in
serum at 3 months were compared with the healthy control
values using the Mann-Whitney U test. To analyze the
correlations between periodontal data and levels of IL-17,
IL-23, and MPO in both serum and GCF, Spearman’s rho
correlation analyses were used.

RESULTS

Table 1 presents the demographic parameters of the
study groups. All participants were age- and sex-matched,
besides being nonsmokers in both the GAP and healthy
control groups.

Table 2 presents periodontal parameters of the study
groups at baseline. As expected, all periodontal parameters,
including GI, PD, CAL, accumulation of supragingival
plaque, and percentage of sites with BoP in the GAP group,
were significantly higher than those in the control group
(p<0.05). In addition, Table 2 shows the changes in clinical
periodontal parameters in GAP patients according to SRP
and a comparison of baseline and post-therapy scores of
these parameters (PI, GI, PD, CAL, BoP) versus the control
group. There were significant differences between the
baseline scores of periodontal parameters of GAP patients
and healthy controls (p=0.001 for PI and p<0.001 for GI,
PD, CAL, and BoP). Periodontal clinical parameters were
expectedly improved after therapy (p=0.001 for PI and
p<0.001 for GI, CAL, PD, and BoP). However, all clinical
parameters were still higher than those in the control group
(p<0.001).

Table 3 reports the serum levels of IL-17 and IL-23
and the MPO examined in the groups. Significantly higher
IL-23, IL-17, and MPO levels were observed in the GAP
group than in healthy controls (all p<0.001) (Fig. 1a–c).
IL-17, IL-23, and MPO levels decreased significantly at
3 months as a result of the SRP (p=0.014 for IL-17,
p<0.001 for IL-23, and p=0.001 for MPO). Although
significant reductions were observed in the GAP patients
based on therapy, IL-17 and IL-23 were still higher than
those in the healthy controls. However, the serum MPO
levels in GAP patients approached the levels of the healthy
controls after therapy (p>0.05).

The GCF levels of the molecules examined are pre-
sented in Table 4. GAP patients had significantly higher
levels of IL-17, IL-23, and MPO than those in the healthy
controls at baseline (all p<0.001) (Fig. 2a–c). Significant
reductions were observed in all three at 3 months after
therapy (all p<0.001). Although there were significant
reductions due to therapy in the GAP patients, the levels
of IL-17, IL-23, and MPO were still higher than those in
the controls at 3 months (all p<0.001).

Spearman’s rho correlation analysis revealed no sig-
nificant correlations between the clinical parameters and
the levels of IL-17, IL-23, or MPO in serum or GCF at
baseline or at 3 months after therapy.

DISCUSSION

There is not enough data to conclude that the levels of
IL-17, IL-23, and MPO have direct relationships with
aggressive periodontitis. However, several studies have
reported higher levels of these cytokines in the sera and

Table 1. Demographic Characteristics of the Study Patients

Clinical variable GAP patients (n=19) PH controls (n=22)

Age (years) 28.84±4.14 25.86±5.67
Gender 12 females/7 males 14 females/8 males
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GCF samples from such patients [16, 21, 54].We evaluated
the levels of IL-17, IL-23, and MPO in GAP patients
before and after periodontal therapy in both GCF and
serum and demonstrated that the levels of each in both
serum and GCFwere significantly higher during the course
of GAP and then decreased simultaneously with the reso-
lution of periodontal inflammation.

Aggressive periodontitis is characterized by rapid
attachment and bone loss in young adults with no apparent
systemic disease [50]. Local production of proinflammato-
ry cytokines causes the breakdown of periodontal tissue
[54]. The local exacerbated immune responses may cause
an increased systemic inflammatory response. The proin-
flammatory cytokine IL-17 has been shown to play a role
in many inflammatory conditions, such as autoimmune
diseases, metabolic disorders, and some cancers [9, 55,
56]. IL-17 is a proinflammatory cytokine produced by
Th17 cells, while IL-23 plays an essential role in maintain-
ing and expanding the Th17 cell population [57]. Lester
et al. [18] demonstrated elevated levels of IL-23 at sites of
clinical attachment loss. However, there is no detailed
information on the precise role of IL-23 in periodontal
diseases. Reports from different studies show conflicting
results [20, 25, 58]. Although IL-23 was reported to de-
crease after periodontal therapy [49], there are other studies

reporting almost no change in the levels of IL-23 after
therapy [20, 58, 59]. In this study, IL-23 levels decreased
significantly in GCF as well as in serum, confirming a
relationship between local and systemic inflammatory re-
sponses. According to our results, the decreased levels of
IL-23 in parallel with IL-17 in both GCF and serum in
GAP patients after therapy may provide information about
the role of these two proinflammatory cytokines in the
progression of periodontitis.

Interventional studies have reported consistently
significant decreases based on the therapy applied in
IL-17 [19, 20, 58]. However, the results regarding IL-
23 levels from different reports are comparatively incon-
sistent [20, 58, 59]. Among them, Santos et al. [58]
demonstrated a significant decrease in IL-17 levels and
no change in IL-23 levels after therapy in type 2 diabetic
patients, regardless of whether disinfection was per-
formed full mouth or partial mouth. There are fewer
studies on aggressive periodontitis cases that have
assessed the molecules evaluated in this study. Duarte
et al. [20] reported significantly higher levels of IL-17 in
the serum of GAP patients versus chronic periodontitis
patients and periodontally healthy controls, with signif-
icant decreases in IL-17 levels and no significant change
in IL-23 levels after therapy.

Table 2. Clinical Variables (Mean±SD) (Median) Before and After Therapy in Study Groups and the Comparison with the Control Group

Clinical variable GAP (n=19) baseline GAP (n=19) 3 months Controls (n=22)

PI 1.47±0.58 (1.20)** 0.91±0.40 (0.88)* 0.17±0.15 (0.11)
GI 1.34±0.46 (1.41)** 0.75±0.42 (0.70)* 0.10±0.09 (0.08)
PD (mm) 3.62±0.81 (3.62)** 2.63±0.73 (2.59)* 0.52±0.15 (0.51)
CAL (mm) 4.06±1.13 (4.16)** 3.20±1.17 (3.10)* 1.51±0.15 (1.51)
BoP (%) 80.32±16.67 (79.00)** 32.66±13.50 (30.50)* 7.12±3.68 (6.69)

Mann-Whitney U test was used for intergroup analyses of PI, GI, and CAL. Independent samples t test was used for intergroup analyses of BoP and PD.
Paired samples t test was used for intragroup analyses of PI, GI, BoP, and PD. Wilcoxon test was used for intragroup analyses of CAL
* and ** indicate statistical significance; *p≤0.001 compared to baseline and healthy controls; **p≤0.001 compared to healthy controls

Table 3. Serum Levels of MPO, IL-17, and IL-23 in Study Groups

GAP (n=19) baseline, mean±SD (median) GAP (n=19) 3 months, mean±SD (median) Controls (n=22), mean±SD (median)

IL-17 (pg/mL) 37.56±17.41 (32.80)* 27.69±13.86 (26.40)# 17.07±9.17 (16.80)
IL-23 (pg/mL) 258.63±241.75 (138.17)* 168.39±177.75 (84.14)**, ## 58.35±33.61 (54.03)
MPO (pg/mL) 3209.79±917.75 (3311)* 2190.58±619.24 (2003.60) 1870.63±347.99 (1849)

MannWhitneyU test was used for intergroup analyses of the baseline and 3-month levels of IL-23, baseline levels of MPO, and 3-month levels of IL-17 with
the control group. Independent samples t test was used for intergroup analyses of baseline levels of IL-17 and 3-month levels of MPOwith the control group.
Paired samples t test was used for intragroup analyses of IL-17 and MPO, and signed rank test was used for intragroup analyses of IL-23
*, **, #, and ## indicate statistical significance; *p=0.000 compared to controls; **p=0.018 compared to controls; #p=0.008 compared to controls; ##p≤

0.001 compared to baseline
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Significantly higher levels of IL-17 and IL-23 in GAP
patients have been demonstrated to be contributing factors
in progressive attachment and bone loss [16, 20]. However,
these increases might also be associated with the host
response to the multiplying microbial load and, thus, pre-
vent further tissue loss [33]. In this study, we found signif-
icantly lower levels of these proinflammatory cytokines in
GAP patients as a result of successful SRP. These data are
consistent with the findings of Duarte et al. [20] in part
because no significant differences in the levels of IL-23
were found among the groups between baseline and after

therapy in their study. Levels of IL-23 in both serum and
GCF were also decreased after therapy. The significant
difference between GAP patients and healthy controls at
baseline disappeared after therapy (p>0.05). In this study,
we observed that serum levels of IL-17 and IL-23 and GCF
levels of IL-17 in subjects with GAP remained elevated
when compared with the levels observed in healthy con-
trols although there were significant reductions when com-
pared with baseline. This limited systemic and local re-
sponse to therapy suggests only a partial restoration of
systemic and local inflammatory load in subjects with

Fig. 1. a Serum levels of IL-17 in study groups (pg/mL). b Serum levels of IL-23 in study groups (pg/mL). c Serum levels of MPO in study groups (pg/mL).

Table 4. GCF Levels of MPO, IL-17, and IL-23 in Study Groups

GAP (n=19) baseline, mean±SD (median) GAP (n=19) 3 months, mean±SD (median) Controls (n=22), mean±SD (median)

IL-17 (pg/site) 2246.92±294.67 (2268)* 1858.58±1425.85 (1725.36)*, ** 873.74±722.43 (746.48)
IL-23 (pg/site) 675.49±444.02 (509.39)* 400.12±241.63 (401.73)** 279.02±96.48 (285.71)
MPO (pg/site) 689.46±219.21 (683.14)* 427.91±117.31 (400.73)** 151.92±90.97 (116.40)

Wilcoxon signed rank test was used for intragroup analyses of baseline and 3-month levels of IL-17 and IL-23. Paired samples t test was used for intragroup
analyses of baseline and 3-month levels of MPO. Mann-Whitney U test was used for intergroup analyses of baseline levels of IL-17, IL-23, and PO and 3-
month levels of IL-17 with the control group. Independent samples t test was used for intergroup analyses of 3-month levels of IL-23 with the control group
* and ** indicate statistical significance; *p≤0.001 compared to controls;**p=0.000 compared to baseline
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GAP. Individuals with GAP seem to have a preexisting
local and systemic inflammatory load probably related to
the host susceptibility trait. As reported in the review by
Kulkarni and Kinane, familial aggregation of cases of GAP
indicates that there may be a significant genetic component
involved in the susceptibility to this disease [60].

MPO has been reported to be correlated with worse
clinical status in periodontitis [38]. This enzyme has been
suggested to be involved in the pathogenesis of periodontal
disease [61, 62]. Increased activity of MPO at sites of
periodontal disease and decreased activity after treatment
may support a role for MPO in destructive periodontal
diseases [37, 63]. Recently, Ozcaka et al. [40] reported
increased concentrations of MPO in smokers with chronic
periodontitis, although they observed no differences with
the nonsmoker group. They suggested that the increase
might be associated with an increased risk of periodontal
tissue destruction. Nizam et al. [64] evaluated MPO levels
in different periodontitis patient groups and healthy con-
trols; although they found higher amounts of neutrophilic
enzymes in periodontitis patients, there was no difference
in the enzyme profile between GAP and CP patients. Our

findings showing significantly higher local and systemic
MPO levels in GAP patients than healthy controls are
consistent with their data. In addition, the present results
confirm that the levels of IL-17 in serum and GCF are
increased in GAP patients, and this is accompanied by
increases in IL-23 and MPO in serum and GCF.

To analyze the overall clinical and biochemical data
of this study, despite reductions in serum and GCF IL-17,
IL-23, and MPO, the levels remained higher than those in
healthy controls, while we observed significant improve-
ment in clinical parameters. These elevated levels could be
the result of the genetic predisposition of aggressive peri-
odontitis cases as speculated by Shaddox et al. [65].

In conclusion, the levels of two proinflammatory
cytokines, IL-17 and IL-23, and the neutrophil enzyme
MPO were significantly higher in aggressive periodontitis
patients than in healthy controls at baseline, suggesting a
role in the pathogenesis of this disease. Significant de-
creases in the levels, both locally and systemically, were
seen after therapy, possibly indicating specific roles for
these mediators in the active inflammation of periodontal
tissues.

Fig. 2. a GCF levels of IL-17 in study groups (pg/site). b GCF levels of IL-23 in study groups (pg/site). c GCF levels of MPO in study groups (pg/site).
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Limitation of the Study

We have recruited a limited number of subjects in the
study. The limited sample size unfortunately limits the
generalizability of the results. Further studies with a larger
sample size are necessary to confirm the findings of this
study.
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