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Abstract

Introduction: Gingival crevicular fluid (Gcf) is an important resource for detecting inflammatory 
biomarkers related to periodontal disease. the purpose of this research was to identify the possible 
relation between cytokine levels and periodontal status. 

Material and methods: Gcf samples collected from 25 periodontally healthy individuals, 24 with 
gingivitis, and 24 with periodontitis were analyzed using the maGPiX system with a Bio-Plex Pro 
Human cytokine 27-plex kit. Gingival index (Gi), periodontal pocket depth (PPd), plaque index (Pi), 
and clinical attachment level (cal) were measured from each tooth to determine each patient’s peri-
odontal status. 

Results: all clinical parameters showed statistically significant differences between groups. While 
interleukin (il)-1β, il-6, macrophage chemotactic protein 1 (mcP-1), interferon g-induced protein 10 
(iP-10) and vascular endothelial growth factor (VeGf) levels were statistically significantly higher in 
patients with periodontitis compared to periodontally healthy subjects, il-15 levels were found to be sta-
tistically significantly higher in periodontally healthy individuals compared to periodontitis (p < 0.05). 
also, il-1β and iP-10 showed positive correlations with PPd, cal, Gi and bleeding on probing (BoP). 

Conclusions: it is considered that il-1β, il-6, il-15, mcP-1, VeGf and iP-10 could be related to 
periodontal disease and health and can be used as an adjunct to clinical examination in future research 
design. scanning cytokines in Gcf with a multiplex immunoassay technique is consequential, especially 
because many cytokine types are found in one sample. 
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Introduction

Periodontal diseases are inflammatory diseases that 
can cause loss of tooth and tooth supporting tissue, which 
are the result of specific and complex interactions between 
pathogenic bacteria in the dental plaque and host tissue [1]. 
Gingivitis and periodontitis are the most common peri-
odontal diseases. Although previous studies showed the 
virulence of periodonto-pathogen bacteria, the existence of 
microbial dental plaque alone is not enough for the devel-
opment of periodontitis [2]. Moreover, in some studies, the 

existence of periodonto-pathogens in periodontally healthy 
areas has also been observed [3]. In other words, while the 
existence of dental plaque or biofilm is a necessary factor 
for the beginning of periodontal diseases, the progression 
of the disease and alveolar loss are related not only to the 
microbiota but also to the host response [4]. Biological 
mediators such as cytokines and growth factors may reflect 
and show the host response capacity [5].

Cytokines are important mediators that play roles in 
various significant biological activities, such as early in-
flammation and proliferation, regeneration, differentiation, 
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and hemostasis, and they are also secreted from various in-
flammatory cells. In the formation and progression of peri-
odontal diseases, cytokines have important roles to play, 
and most of these cytokines have been detected in gingival 
crevicular fluid (GCF). Furthermore, growth factors such 
as cytokines are mediators that play important roles in cell 
regeneration and differentiation [6]. Both cytokines and 
growth factors are collected simply from GCF and used for 
clinical research and epidemiological studies [4]. Moreover, 
there are many innovative challenges in periodontology for 
enhancement of the diagnostic and prognostic potential, 
especially diagnostic. Identifying biomarkers in GCF is the 
most important innovative approach for improving the ca-
pacity for diagnosis and prognosis. Numerous biomarkers 
are identified in GCF. Among these biomarkers, cytokines 
in GCF have an important place [7].

Clinical examination is one of the most important 
diagnostic tools for periodontal disease. The assessment 
of clinical measurements and radiological examinations 
ordinarily ensures information about the periodontal de-
struction background, the current status of periodontal dis-
ease, and the prognosis [8]. However, some studies have 
revealed cytokines such as interleukin (IL)-1β, IL-6, tumor 
necrosis factor α (TNF-α), IL-4, IL-10, etc., in systemical-
ly healthy patients [9] and also in patients with systemic 
disease [10]. Moreover, previous studies showed that some 
cytokine and growth factors, especially IL-1β, were related 
to periodontitis [7].

All inflammatory cells in the periodontally diseased 
area and cytokines and growth factors secreted from these 
cells behave in harmony. Although the level of gingival 
crevicular fluid and changes in cytokine and growth factor 
levels in periodontal disease have been studied previous-
ly, almost none of these studies could determine the rela-
tionship of the cytokines with each other, and also usually 
they did not have a gingivitis group. The present study was 
aimed to comparatively analyze the level of cytokines and 
growth factors in GCF, and also compared with each other 
in periodontally healthy individuals as well as gingivitis 
and periodontitis patients.

Material and methods

Study population and design

This research was designed as a single-blind, cross-sec-
tional study and was conducted with 25 periodontally healthy 
individuals and 24 gingivitis and 24 chronic periodontitis pa-
tients referred to the Department of Periodontology Clinic in 
the Faculty of Dentistry at Gaziantep University with differ-
ent periodontal complaints. Although periodontally healthy, 
gingivitis and chronic periodontitis criteria were based on the 
1999 American Academy of Periodontology [11], according 
to prior periodontal examination and radiographical records, 
they were changed from 1999 to 2018 European Federation 

of Periodontology workshop criteria [12]. All individuals pro-
vided written informed consent, and the study protocol was 
approved by the Ethics Committee of Gaziantep University, 
Gaziantep, Turkey (Number: 168, Date: 16.04.2013). 

Inclusion and exclusion criteria

The inclusion criteria for the study were that: individ-
uals should be systemically healthy, not being pregnant 
or within lactation periods, not using any medication that 
could affect periodontal tissues such as beta blockers, not 
having used any antibiotics or nonsteroidal inflammatory 
medication in the previous 6 months, and not smokers or 
drinkers (never started or stopped at least 10 years ago). 
Locally, patients have at least 18 teeth.

Patients with local periapical pathologies, caries or res-
torations according to periapical or panoramic X-ray exam-
ination were not included in the study. In addition, if there 
was a history of orthodontic and periodontal treatment (sur-
gical or non-surgical), they were not included in the study.

Clinical examination and radiological 
examination

All clinical measurements were examined by a single 
intra-caliber clinician (H.G.). Measurements were re-
corded in a specially prepared chart form on a computer 
(Microsoft Office, Excel, USA). For these measurements, 
a Williams-type periodontal probe (Hu-Friedy, Chicago, 
IL, USA) with a 0.5-mm diameter was used. The evaluat-
ed clinical parameters were determined as probing pocket 
depth (PPD), clinical attachment level (CAL), plaque index 
(PI), gingival index (GI) and bleeding on probing (BOP). 
All clinical parameters were recorded on six different sides 
of all teeth (mesiobuccal, midbuccal, distobuccal, mesi-
oligual/palatinal, midlingual/palatinal, and distolingual/
palatinal). For the periodontally healthy group total BOP 
was adjusted below 10% and for the gingivitis group 30%. 

Overall all, based on the 1999 classification, the groups 
were: periodontally healthy (H), gingivitis (G) and chronic 
periodontitis (P). Only P groups changed based on the 
2018 classification. The P groups have 8 patients in stage 3 
and the others in stage 2. 

Gingival crevicular fluid sample collection  
and sample analysis

Gingival crevicular fluid samples were collected from 
all patients at particular hours of the day and before peri-
odontal measurements were performed. Areas selected 
for each tooth were isolated with cotton rolls in order 
to prevent contamination by saliva. After supragingival 
plaque was carefully removed, it was dried with air spray, 
absorptive sterile prefabricated paper strips (Periopaper, 
Orafow Inc., Plainview, New York, USA) were slowly 
inserted into the periodontal pocket until a gentle pressure 
was felt and were kept inside the pocket for 30 seconds. 
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During this procedure, mechanical irritation was avoided.  
The GCF volumes of samples were measured with a cali-
brated Periotron 8000 (Periopaper, OraFlow Inc., Plainview, 
New York, USA) device. The samples, which had been 
placed in Eppendorf tubes, were kept at –80°C until analysis. 
The analysis of GCF samples was carried out in the Insti-
tute of Medical Oncology laboratory in the Faculty of Med-
icine at Dokuz Eylül University with a Bio-Plex MAGPIX 
Multiplex Reader device using Bio-Plex 27 plex cytokine 
immunoassay kits (Bio-Rad, USA) [IL-1β, IL-1ra, IL-2,  
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p70),  
IL-13, IL-15, IL-17, fibroblast growth factor (FGF), eo-
taxin, granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF), interferon g (IFN-g), interferon g-induced 
protein 10 (IP-10), macrophage chemotactic protein 1 
(MCP-1), macrophage inflammatory protein (MIP)-1α, 
MIP-1β, platelet-derived growth factor (PDGF)-BB, 
RANTES, TNF-α, and vascular endothelial growth factor 
(VEGF)] in accordance with Teles et al. [8].

Statistical analysis

For the analysis of the data obtained in our study, SPSS 
for Mac version 22.0 software was used and the data were 
accepted as statistically significant at p < 0.05. The nor-
mality of numerical data was tested by the Shapiro-Wilk 
test. In the intergroup comparison of non-normal distrib-
uted variables, the Mann-Whitney u test was used, while 
ANOVA and Tukey comparison tests were used to com-
pare normally distributed numerical data. Correlations be-
tween clinical and biochemical variables were tested with 
Spearman rank correlation coefficient. The average statis-
tics are given as mean ± standard deviation for descriptive 
statistics.

Results
Systemically healthy and non-smoker 24 periodontitis, 

24 gingivitis patients, and 25 periodontally healthy individ-
uals aged between 20 and 58 years old (40.8 ±8.45) were 
included in the research (Table 1).

Clinical finding

Although PPD, CAL and GI showed statistically sig-
nificant differences when comparing all groups with each 
other, and PI showed statistically significant differences 
between periodontally healthy subjects and diseased pa-
tients, there were no statistically significant differences 
between gingivitis and periodontitis groups (Table 2).

Biochemical findings

In terms of the GCF levels of biochemical parameters 
with intergroup comparison, IL-1β, IL-6, MCP-1, IP-10, 
and VEGF levels were found to be significantly higher in 
periodontitis patients compared to periodontally healthy 
individuals. Interleukin 15 levels showed statistically 
significant differences between healthy individuals and 
patients with periodontitis. However, other cytokine and 
chemokine values did not show any statistically significant 
differences in the intergroup comparison. Also, the gingi-
vitis group showed no statistically significant differences 
compared with healthy and periodontitis groups (Table 3).

Correlations

The correlations between clinical parameters (PPD, 
CAL, GI, PI and BOP) and biochemical parameters are 
shown at Table 4. Although FGF, G-CSF, IFN-g, IL-10, 
IL-12, IL-17, IL-1ra, IL-4, IL-5, IL-6, IL-7, IL-9, MCP-1, 
MIP-1α, PDGF, RANTES, TNF-α and VEGF did not 

Table 1. Distributions of age and gender

Parameters Periodontally healthy Gingivitis Periodontitis

Min. Max. Min. Max. Min. Max.

Age 20 47 24 52 32 58

Gender Male Female Male Female Male Female

11 14 13 11 12 12

Table 2. Comparison of clinical parameters 

Clinical 
parameters

Periodontally healthy Gingivitis Periodontitis

Mean SD Mean SD Mean SD

PPD (mm) 1.08† 0.27 1.96* 0.62 5.42*,† 0.83

CAL (mm) 1.87† 0.07 2.39* 0.23 6.27*,† 1.20

PI 1.26† 0.15 2.07* 0.20 2.41* 0.42

GI 1.04† 0.03 1.57* 0.11 1.85*,† 0.24

*significant difference from periodontally healthy (p < 0.05).

†significant difference from gingivitis (p < 0.05).
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show statistically significant correlation with all clinical 
parameters (PPD, CAL, GI, PI and BOP), MIP-1β, IL-2, 
IL-15 levels in GCF showed statistically significant nega-
tive correlations with all clinical parameters. While there 
were negative correlation between IL-8 and BOP, IL-1β 
and IP-10 showed positive correlations with PPD, CAL, 
GI and BOP. In addition, while there was a negative cor-
relation between IL-13 and CAL, a negative correlation 
was found between eotaxin and CAL, GI, BOP and also 
between GM-CSF and CAL, GI, PI, BOP.

Discussion
Periodontal diseases such as periodontitis and gin-

givitis are inflammatory diseases that occur after the re-

lationship between dental plaque and the host response.  
The host response delivering biochemical molecules such 
as cytokines and growth factors in GCF can be found and 
detected via ELISA and laser Doppler flow cytometry. 
However, the comparison of “periodontitis vs. healthy” 
was frequently examined in previous studies, but gingi-
vitis, another important periodontal disease, was rarely 
included in research. In this context, the present study 
aimed to compare periodontitis and gingivitis patients vs. 
periodontally healthy subjects in terms of 27 markers in 
GCF. According to the results of the present study, sta-
tistically significantly higher IL-1β, IL-6, MCP-1, IP-10 
and VEGF levels were found in periodontitis patients com-
pared to healthy subjects and also IL-15 levels were higher 
in healthy subjects.

Table 3. Comparison of biochemical parameters 

Biochemical 
parameters

Periodontally healthy Gingivitis Periodontitis

Mean SD Mean SD Mean SD

IL-1β 21.73 17.53 44.63 40.63 61.15* 55.24

IL-1ra 6.12 3.54 5.71 2.10 4.91 2.02

IL-2 11.13 10.69 14.92 28.19 8.73 7.19

IL-4 3.53 1.68 3.64 1.17 4.38 2.25

IL-5 1.44 0.71 1.49 0.68 3.62 8.76

IL-6 7.03 3.90 12.60 13.51 17.59* 37.66

IL-7 4.16 3.92 3.63 1.40 4.92 4.61

IL-8 137.33 125.88 94.64 126.95 93.13 89.84

IL-9 2.22 0.87 2.07 1.00 2.41 1.10

IL-10 75.35 55.99 79.97 34.37 69.79 35.98

IL-12 51.43 65.18 48.24 26.70 50.69 28.77

IL-13 37.37 23.86 28.71 18.16 20.93 14.14

IL-15 12.36 6.44 10.51 7.26 6.96* 4.52

IL-17 2.89 1.39 3.05 2.08 3.23 1.82

Eotaxin 12.55 31.28 7.11 2.04 6.73 2.69

FGF-β 6.66 2.43 16.86 33.74 7.87 5.04

G-CSF 5.61 7.07 4.63 4.60 5.23 4.10

GM-CSF 14.92 7.40 13.92 6.33 11.75 7.64

IP-10 2.66 5.27 3.24 5.79 9.85* 33.11

MIP-1α 6.74 4.77 10.45 8.32 16.14* 35.36

MIP-1β 152.98 117.10 357.26 639.24 126.93 135.86

PDGF 6.10 4.01 5.27 2.89 5.68 1.85

RANTES 171.79 669.83 47.69 40.40 69.97 83.36

TNF-α 1.50 0.73 1.74 0.50 1.98 1.08

VEGF 70.25 52.25 61.42 51.60 109.86* 92.94

IFN-g 3.59 2.06 3.76 1.55 3.91 1.84

MCP-1 5.62 3.91 8.14 7.56 10.64* 4.39

*significant difference from periodontally healthy (p < 0.05).
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Cytokines and growth factors in GCF and also gingival 
tissues have frequently been investigated [13]. The most 
commonly used laboratory technique has so far been ELISA. 
In the ELISA method, the researcher can investigate only one 
biomarker with one sample. Cytokines are generally secreted 
synchronously with each other; therefore, it would be more 
meaningful to measure all cytokine levels comparatively in 
diseases with sophisticated immune mechanisms, especially 
in periodontal diseases. Multiplex bead systems have the ca-
pacity to measure nearly 500 biomarkers at once in a volume 
as small as 50 microliters [14]. After the first membrane-based 
multiplex immunoassay to profile the cytokines level in GCF 

[15], dozens of studies have been conducted on this topic [16]. 
Multiple analysis of cytokines also provides the possibility of 
personal medicine. With a deep understanding of the impor-
tance of host tissue factors in periodontal disease in recent 
years, it is believed that personalized periodontal treatment 
methods will be investigated more frequently. Likewise, the 
current study contributes to the literature on this subject. 

However, another point that should not be forgotten 
is the specific relationship between host response and mi-
crobial dental plaque. Studies have shown that specific 
bacteria in periodontitis such as aggregatibacter actino-
mycetemcomitans are also present in periodontally healthy 

Table 4. Comparison of biochemical parameters 

Biochemical 
parameters

Clinical parameters

PPD CAL GI PI BOP

Eotaxin r –0.290* –0.257* –0.272* –0.195 –0.247*

p 0.013 0.028 0.020 0.098 0.035

FGF r –0.087 –0.053 –0.001 0.010 0.020

p 0.465 0.656 0.992 0.935 0.864

G-CSF r 0.004 –0.010 –0.012 –0.019 –0.014

p 0.975 0.936 0.923 0.871 0.907

GM-CSF r –0.195 –0.287* –0.325** –0.324** –0.339**

p 0.098 0.014 0.005 0.005 0.003

IFN-g r –0.069 0.027 0.012 –0.041 0.020

p 0.563 0.819 0.918 0.733 0.864

IL-10 r –0.127 –0.098 –0.092 –0.140 –0.099

p 0.284 0.409 0.436 0.238 0.407

IL-12 r –0.158 –0.132 –0.137 –0.172 –0.119

p 0.181 0.267 0.249 0.145 0.315

IL-13 r –0.201 –0.237* –0.167 –0.165 –0.162

p 0.088 0.044 0.158 0.163 0.171

IL-15 r –0.403** –0.422** –0.341** –0.429** –0.357**

p 0.000 0.000 0.003 0.000 0.002

IL-17 r –0.133 0.010 0.056 0.041 0.032

p 0.260 0.934 0.641 0.730 0.785

IL-1β r 0.259* 0.287* 0.287* 0.207 0.298*

p 0.027 0.014 0.014 0.078 0.011

IL-1ra r –0.190 –0.166 –0.167 –0.148 –0.158

p 0.108 0.161 0.159 0.212 0.182

IL-2 r –0.375** –0.334** –0.293* –0.264* –0.300**

p 0.001 0.004 0.012 0.024 0.010

IL-4 r –0.080 0.027 0.004 0.013 0.027

p 0.503 0.822 0.976 0.911 0.819

Biochemical 
parameters

Clinical parameters

PPD CAL GI PI BOP

IL-5 r –0.043 –0.059 –0.069 –0.073 –0.089

p 0.720 0.622 0.559 0.540 0.452

IL-6 r 0.001 0.076 –0.045 0.084 –0.027

p 0.996 0.520 0.708 0.482 0.821

IL-7 r –0.107 –0.022 –0.076 –0.056 –0.070

p 0.366 0.856 0.522 0.636 0.557

IL-8 r –0.177 –0.166 –0.217 –0.222 –0.235*

p 0.134 0.161 0.065 0.059 0.045

IL-9 r –0.220 –0.065 –0.038 0.032 –0.074

p 0.062 0.583 0.747 0.787 0.531

IP-10 r 0.485** 0.348** 0.351** 0.337** 0.375**

p 0.000 0.003 0.002 0.004 0.001

MCP-1 r –0.052 0.024 0.000 0.040 0.013

p 0.660 0.838 1.000 0.739 0.912

MIP-1α r –0.061 0.107 0.072 0.045 0.081

p 0.609 0.367 0.547 0.708 0.498

MIP-1β r –0.282* –0.277* –0.285* –0.280* –0.286*

p 0.016 0.017 0.015 0.016 0.014

PDGF-
BB

r –0.202 –0.166 –0.188 –0.141 –0.201

p 0.087 0.160 0.110 0.233 0.088

RANTES r –.012 0.043 0.058 –0.047 0.010

p 0.919 0.717 0.628 0.695 0.930

TNF-α r –0.060 –0.021 0.046 0.044 0.032

p 0.613 0.857 0.697 0.715 0.786

VEGF r –0.035 0.101 0.091 0.015 0.080

p 0.769 0.395 0.444 0.902 0.499

*significant correlation (p < 0.05)

**strong significant correlation (p < 0.01)
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individuals [1]. In this context, the lack of microbial sam-
pling and examination in the current study can be con-
sidered among the limitations. Longitudinal studies and 
cross-sectional studies are two types of studies frequently 
conducted in the field of periodontology. In a cross-sec-
tional study, data are collected from a population at 
a certain time, while in a longitudinal study, data can be 
collected repeatedly from the same sample over a long 
period of time. Thus, it provides a better examination of 
the cause-effect relationship in longitudinal studies. In this 
context, the fact that the current study is cross-sectional 
can be considered as a limitation.

Biomarkers such as cytokines in GCF have been the 
subject of frequent research in the literature [7, 17]. Among 
these cytokines, probably the most important one, IL-1β, 
is a proinflammatory cytokine that plays a key role in in-
flammation and immunity as well as increasing bone resorp-
tion [18]. It has been reported that IL-1β level is lower in 
healthy individuals compared to patients with periodontitis, 
and there is a decrease in IL-1β level after treatment in indi-
viduals with periodontitis [19]. It is accepted that IL-1β will 
increase with periodontal disease especially in periodontitis; 
in this regard, the results of the present study are in accor-
dance with the current knowledge.

Interleukin 6 is a cytokine with proinflammatory and 
anti-inflammatory action. It plays a key role in many 
events such as B and T cell activation and differentiation, 
the occurrence of local acute phase events, and stimula-
tion of osteoclast development. One study conducted by 
Offenbacher et al. [20] showed that patients with severe 
periodontitis had high levels of IL-1β, IL-6, MCP-1, and 
prostaglandin E2, and these markers were associated with 
severe bleeding during probing. In addition, there are stud-
ies showing that IL-6 level decreased after non-surgical 
periodontal treatment [18, 21]. According to the results of 
the present study, IL-6 level is high in individuals with 
periodontitis and it can be said that these data are compati-
ble with the literature. Another important issue about IL-6 
is that increased levels of the IL-6 molecule regulate the 
transition from acute to chronic inflammation and induce 
MCP-1 synthesis [22]. Macrophage chemotactic protein 1 
stimulates the integrin synthesis required for chemotaxis 
during monocyte migration. It was reported that GCF con-
tained higher levels of MCP-1 in individuals with periodon-
titis as compared to the healthy group and that the afore-
mentioned level decreased after periodontal treatment [23]. 
In the study of Gunpinar et al., periodontitis patients and 
periodontally healthy individuals were compared in terms 
of MCP-1 levels in GCF and MCP-1 was found to be high-
er in patients with aggressive periodontitis [24]. Moreover, 
not only in vivo studies [24, 25] but also several in vitro 
studies [26, 27] showed that MCP-1 in gingival tissues was 
increased after inflammatory conditions such as periodon-
titis. Regarding MCP-1 levels in GCF, the present study 
was in accordance with the previous research.

IP-10 is a molecule that is secreted from various cells 
such as macrophages and endothelial cells. In addition to 
its chemoattractant properties for monocytes and macro-
phages, IP-10 controls the adhesion of T-cells to endothe-
lial cells. According to the IP-10 data in the present study, 
it was observed that there was a statistically significant 
decrease in the periodontally healthy group compared to 
periodontitis patients; additionally, IP-10 was positively 
correlated with clinical parameters such as PPD, CAL, GI, 
PI, and BOP. Although Cairo et al. [28] did not find sta-
tistically significant differences between aggressive peri-
odontitis and chronic periodontitis, Aldahlawi et al. [29] 
noted a statistically significantly higher level of IP-10 in 
saliva and serum, not GCF, in patients with periodontitis 
compared to periodontally healthy individuals. Moreover, 
Shimada et al. reported in their study that IP-10 levels 
were high in “bleeding on probing” (BOP) (+) diseased 
areas [9]. The results of the present study were in accor-
dance with the previous studies.

Interleukin 15 is a member of the IL-2 family of cy-
tokines, and it was demonstrated that it inhibits osteoclast 
progenitor cell proliferation [30]. A study conducted by 
Johnson et al. [31] showed that there was a statistically sig-
nificantly lower level of IL-15 in patients with periodontal 
disease compared to periodontally healthy subjects. Addi-
tionally, very few studies have been identified that address 
the relationship between IL-15 and periodontal health; 
therefore, the present study is one of the rare studies on 
this subject. In the present study, there was a statistically 
significantly lower level in the periodontally healthy group 
compared to the periodontitis group, and it is thought that 
IL-15 can be a parameter for periodontal health. 

Profiling of cytokine and chemokine groups in GCF is 
frequently used in periodontology studies [19, 32]. However, 
in these studies, aggressive or chronic periodontitis patients 
were frequently included in the periodontal disease groups 
and compared with periodontally healthy individuals. More-
over, the gingivitis group was not frequently included in the 
studies and could not be compared with the periodontally 
healthy group [16, 19]. In this context, the present study is 
one of the rare studies comparing periodontitis and gingivitis 
patients with periodontally healthy individuals.

In conclusion, GCF is a good resource for identifying bio-
markers in periodontal health and disease. Multiplex bead as-
says can be a useful tool in determining new biomarkers and 
for better understanding of the differences in cytokine profiles 
in periodontal disease and health. Within the limitations of 
this study, IL-1β, IL-6, MCP-1, IP-10, and VEGF were iden-
tified as related to periodontal disease, and IL-15 was found 
to be a biomarker related to periodontal health.
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