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Abstract: Periodontitis (PD) is a chronic inflammatory disease that is initiated by oral microorganisms.
The pathogens induce the production of cytokines, such as interleukin (IL)-17, which enhances the
inflammatory response and progression of the disease. The aim of this study was to examine the
expression and localization in gingival tissue of IL-17A and IL-17B in patients with periodontitis.
This study included 14 patients with periodontal disease and 14 healthy subjects without periodontal
disease as a control group. There were no statistically significant differences in the expression of
IL-17A mRNA between patients with periodontitis and control subjects. The expression of IL-17B
mRNA was statistically significantly lower in patients with periodontitis in comparison with healthy
subjects (p < 0.048). The expression of IL-17A correlated significantly with the approximal plaque
index. The IL-17B expression in gingival tissue correlated with the clinical attachment level. This
correlation reached borderline statistical significance (p = 0.06). In immunohistochemical analysis,
we have shown the highest expression of IL-17 protein in inflamed connective tissue, epithelium,
and granulation tissue from gingival biopsy specimens from patients with periodontitis. In biopsy
specimens from healthy individuals, no IL-17 was found in the epithelium, while an expression of
IL-17 was found in the connective tissue. The results of our study confirm the involvement of IL-17
in the pathogenesis of periodontitis. Our results suggest that an increase in IL-17 protein expression
in the gingival tissue of patients with periodontitis occurs at the post-translational stage.
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1. Introduction

Periodontitis (PD) is a chronic inflammatory state caused by bacterial infection in the
periodontal tissues. Susceptibility to periodontitis may be caused by genetic factors as
well as environmental factors, such as smoking and oral hygiene [1]. In periodontal tissue,
bacterial infections induce the immune response leading to the production of inflammatory
mediators, such as proinflammatory cytokines, and subsequently to tissue destruction [2,3].
The body’s immune response to eliminate the bacterial infection can lead to an abnormal
immune response causing the destruction of periodontal tissues, including the alveolar
process. The cellular immune response plays an important role in the inflammatory process
in PD, and Th17 cells and the IL-17 they produce are an important component of this
response. IL-17 is a multidirectional cytokine and exists as six isoforms IL-17A-IL-17F.
IL-17 is primarily produced by T helper 17 (Th17) cells, which also secrete other cytokines
involved in the immune response. Previous studies have shown that interleukin (IL)-17
is a cytokine involved in the pathogenesis of PD and other inflammatory diseases [4-6].
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IL-17 plays an important role in immune processes on the surfaces of mucous membranes,
providing an important element of protection against bacterial infections. In the inflam-
matory state, IL-17 can affect various types of cells including endothelial cells, fibroblasts,
osteoblasts, and keratinocytes [7-9]. It can stimulate these cells to synthesize numerous
pro-inflammatory cytokines that aggravate the inflammatory process [10-12]. IL-17 can
also inhibit osteoblasts, leading to the reduction in alveolar bone [13].

Many studies to date have shown an important role for IL-17 in periodontitis [14].
Previous studies have indicated elevated levels of IL-17, particularly in saliva and gingival
fluid, in patients with periodontitis. However, these findings vary depending on patient
selection criteria, disease severity, or diagnostic criteria. Increased levels of IL-17 were
found, especially in patients with an aggressive form of periodontitis. To date, there have
been few studies evaluating IL-17 in the gingival tissue of patients with periodontitis. In
addition, most of the studies did not evaluate individual IL-17 isoforms, but only total
IL-17. The results of previous studies suggest that IL-17A and IL-17B isoforms may play
the most important role in the development of periodontitis [7-9].

The aim of this study was to examine the expression and localization in gingival tissue
of IL-17A and IL-17B in patients with periodontitis.

2. Materials and Methods
2.1. Patients

This study included 14 patients with periodontitis (5 male, 9 female; mean age
54.2 &+ 12.5 years) diagnosed according to the 2017 classification system of periodontal
diseases [15], and 14 healthy subjects (5 male, 9 female; mean age 52.8 & 11.3 years) without
periodontal disease who had small oral surgery as a control group.

In patients with periodontitis, the gingival tissue for examination was obtained during
flap procedures, gingivaosteoplasty, as well as through a distal wedge or trapezoidal
excision at the last molar.

In patients with healthy periodontium, the gingival tissue was obtained during aes-
thetic lengthening of clinical tooth crowns before prosthetic, conservative, or orthodontic
treatment. The procedure was performed under local anesthesia, during which the removed
gingival tissue, normally disposed of, was used in our study.

The patients with diagnosed periodontitis were defined if interdental CAL > 2 mm
was detectable at two or more than two non-adjacent teeth or buccal or oral CAL > 3 mm
and periodontal pockets > 3 mm were detectable at two or more than two teeth and the
observed CAL could not be attributed to non-periodontal causes [16]. We also observed
bleed on probing with deep probing pocket depth (PPD > 5 mm). A minimum of 15%
radiographic bone loss was required. When more than 30% of the teeth were affected,
periodontitis was considered as generalized in relation to extent and distribution.

Exclusion criteria were as follows: (1) smoking within the past 5 years; (2) antibiotic
therapies during the previous 6 months; (3) pregnancy; (4) chronic apical periodontitis;
and (5) any systemic condition that could affect the progression of periodontitis (e.g.,
immunologic disorders, diabetes, and osteoporosis).

Gingival tissues were collected using a scalpel. The tissue samples were taken from a
single tooth in each participant. The excised tissues were washed with PBS and immediately
placed in a commercial reagent for RNA isolation for gene expression assays. The study
was approved by the local ethics committee (BN-001/93/08) and is in accordance with the
Declaration of Helsinki. Patients were informed about the study and their written consent
was obtained.

2.2. Periodontal Examination

Periodontal evaluation included probing pocket depth (PPD), clinical attachment level
(CAL), the approximal plaque index (API), and bleeding on probing (BoP).

Clinical measurements were taken in homogeneous conditions in a dental clinic.
Probing pocket depth (PPD) and clinical attachment level (CAL) were assessed at six sites
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per tooth, using an UNC 15 periodontal probe calibrated with 1 mm (Hu-Friedy Mfg
Co., Inc., Chicago, IL, USA). A UNC-15 Color-Coded Probe was used for all explorations.
Pressure of approximately 20 g was applied for probing.

2.3. Quantitative Real-Time Reverse Transcription PCR (gRT-PCR) Analysis

Total RNA was extracted from 50-100 mg tissue samples using an RNeasy Lipid
Tissue Mini Kit (Qiagen, Hilden, Germany) in accordance with the manufacturer’s protocol.
The obtained RNA was used for the reverse transcription reaction. A quantity of 1 ug
of RNA from each sample was reverse transcribed into cDNA with the RevertAid First
Strand ¢cDNA Synthesis Kit (Thermo Scientific, Waltham, MA, USA) according to the
manufacturer’s instructions.

Quantitative assessment of mRNA levels was performed by real-time RT-PCR using
an ABI 7500 Fast instrument with Power SYBR Green PCR Master Mix reagent. Real-time
conditions were as follows: 95 °C (15 s), 40 cycles at 95 °C (15 s) and 60 °C (1 min).

In the next step, the 2~ method was used to calculate the values. The values were
normalized to the B2M (f32-microglobulin) gene. The primer sequences used in the study
were prepared according to the sequence information obtained from the NCBI database, and
were synthesized by Oligo.pl (IBB PAN, Warsaw, Poland). Primers used for gene expression
analysis by qRT PCR were as follow: B2M-F 5'-AATGCGGCATCTTCAAACCT-3/, B2M-R
5-TGACTTTGTCACAGCCCAAGA-3/, IL17A-F 5-AGATTACTACAACCGATCCAC-3/,
IL17A-R 5'-GGGGACAGAGTTCATGTGGT-3/, IL17B-F 5-GAGCCCCAAAAGCAAGAGGA-
3/, IL17B-R 5'-TGCGGGCATACGGTTTCATC-3'.

2.4. Immunohistochemical Analysis of IL17

After deparaffinization in Xylene (ChemPour, Tarnowskie Goéry, Poland), sections
of gingival or granulation tissue from the inflammatory site (3 um thick) were hydrated
in gradually decreasing ethanol (100-70%) and rinsed in tap water for 5 min. Next, heat
epitope retrieval was performed in retrieval solution buffer pH = 6 (DAKO, Glostrup,
Denmark), in a microwave oven for 10 min. After cooling to room temperature (RT), all the
slides were incubated with 0.3% solution of HyO, for inhibition of endogenous peroxidase,
washed twice with PBS, and then incubated with 2.5% horse serum to prevent unspecific
antibody bounding (Vector Laboratories, Newark, CA, USA). After incubation with serum,
slides were incubated in a humid chamber with primary antibody of rabbit anti-human
IL-17 (ab2) (Sigma-Aldrich, Burlington, MA, USA) for 1 h at RT. After washing in PBS,
immunoreactions were visualized with ImmPRESS UNIVERSAL REAGENT and Vector
NovaRED Substrate KIT FOR PEROXIDASE (Vector Laboratories, Newark, CA, USA)
according to protocols provided by the manufacturer. Nuclei were counterstained with
Mayer hematoxylin (Sigma-Aldrich, Burlington, MA, USA). As a negative control, the
primary antibody was replaced with PBS on the specimen. Positive staining was defined by
visual identification of a yellow /brown pigmentation in a bright field microscope. Images
were collected with an Olympus IX81 inverted microscope (Olympus, Hamburg, Germany)
with a color camera and with CellSens image processing software (Olympus, Germany).

2.5. Statistical Analysis

Non-parametric tests were used for statistical analysis of quantitative variables
(p < 0.05; Shapiro-Wilk test). The Mann-Whitney U test was used for comparisons between
two groups, and Spearman’s rank correlation coefficient for assessment of associations
between variables. Normalized expression values are presented as medians with lower and
upper quartiles (Q1-Q3). Values of p < 0.05 were considered to indicate statistical signifi-
cance. The study had a statistical power of 80% to detect the true effect size corresponding
to (1) the difference between group means equal to 1.3 standard deviations, and (2) the
correlation coefficient between parameters measured in patients equal to +0.67.
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3. Results

In the first step of our study, we compared the expression of IL-17A and IL-17B at
the mRNA level in gingival tissue in patients with periodontitis and control subjects. As
shown in Figure 1, there were no statistically significant differences in expression of IL-
17A between patients with periodontitis and control subjects (median: 0.00039, Q1-Q3:
0.000068-0.00088 vs. median: 0.00088, Q1-Q3: 0-0.0023, respectively, p = 0.81). The ex-
pression of IL-17B was statistically significantly lower in patients with periodontitis in
comparison with healthy subjects (median: 0.00017, Q1-Q3: 0.000087-0.0021 vs. median:
0.0042, Q1-Q3: 0.00076-0.012, respectively, p = 0.048), (Figure 2).
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Figure 1. Expression of IL-17A mRNA in gingival tissue of patients with periodontitis and con-
trol subjects.
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Figure 2. Expression of IL-17B mRNA in gingival tissue of patients with periodontitis and control
subjects, * p = 0.048, Mann-Whitney U test.

Additionally, we examined the correlations between expression of IL-17A and IL-17B
and clinical parameters such as PPD, API, CAL, and BoP. As shown in Table 1 the expression
of IL-17A correlated significantly with API values. Moreover, the IL-17B expression in
gingival tissue correlated with CAL values. This correlation reached borderline statistical
significance (p = 0.06). There were no statistically significant correlations between the other
clinical parameters noted above and expression of IL-17A and IL-17B in gingival tissues.
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Table 1. Correlation between IL-17A and IL-17B expression and clinical parameters.

IL-17A IL-17B
Clinical Parameters Rs p Rs P
Age [years] —0.0221 0.94 0.1850 0.52
NRT —0.0598 0.83 0.0066 0.98
API 0.6099 0.02 0.3300 0.24
BoP 0.0818 0.78 0.0770 0.79
PPD —0.2539 0.38 —0.0681 0.81
CAL 0.1392 0.63 0.5061 0.06

Rs—Spearman rank correlation coefficient; NRT—Number of remaining teeth; API—approximal plaque index;
BoP—bleeding on probing; PPD—probing pocket depth; CAL—clinical attachment level.

We also performed immunohistochemical analysis of IL-17 protein expression in
gingival tissue from PD patients and controls. Figure 3 shows the expression of IL-17
protein in gingival tissue from PD patients and controls.
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Figure 3. The expression of IL-17 protein in gingival tissue from: panel (a) (A-C): PD patients
(inflamed tissue: (A)—connective tissue, (B)—epithelial tissue, (C)—granular tissue;); panels
(D-E): controls (healthy gingiva): (D)—connective tissue, (E)—epithelial tissue, (F)—granular tis-
sue; negative primary antibody control, where primary antibody was replaced with PBS (negative
control—panel (G)). Original objective magnification x20, scale bar = 50 pm, only representative
images are presented. Panel (b): cellular immunolocalization of IL-17; +++ very high expression,
++ high expression, - no expression.
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The expression of proinflammatory markers was observed in all samples of inflamma-
tory tissues. The pigmentation was observed in the cytoplasm of cells in connective tissue
and in keratinocytes. In the case of granulation tissue, the immunoreaction was observed in
the cytoplasm of inflammatory cells. According to the saturation and color of pigmentation,
the result was described as +++ very high expression, ++ high expression, - no expression.

4. Discussion

Periodontitis is a chronic inflammation of periodontal tissues initiated by a bacterial
infection. However, mechanisms to eliminate the bacterial infection can develop into
chronic inflammation that causes damage to periodontal tissues, including the alveolar
process. Numerous immune response cells that secrete a number of pro-inflammatory
mediators are involved in the development of this inflammation. Among the cells that
play an important role in this process are Th-17 lymphocytes, which produce IL-17 [10,11].
IL-17 is an important component of the inflammatory cascade in periodontitis. It exhibits
a number of direct actions in periodontal tissues, such as stimulating immune response
cells to synthesize other cytokines (interleukin-6, interleukin-8, TNF and G-CSF) that are
involved in the development of periodontitis [13].

IL-17 is an important cytokine that plays a multidirectional function in periodontal
tissues. Under physiological conditions, IL-17 plays an important role in the mucosal
barrier that protects against bacterial infections. IL-17 is mainly produced by Th-17 cells;
however, the expression of this cytokine was also found on other immune cells such as
neutrophils and natural killer cells [9,10]. IL-17 increases the recruitment and stimulation
of other immune response cells, mainly neutrophils, which play an important role in the de-
velopment of periodontitis. This cytokine also increases the synthesis of metalloproteinases,
which cause periodontal tissue destruction. IL-17 influences the expression of RANKL and
osteoprotegerin, thereby affecting the destruction of alveolar bone [10].

The role of IL-17 in the pathogenesis of PD has been investigated in animal models
and in clinical studies [4-6]. Previous studies have indicated increased expression of IL-17
in serum, gingival cervical fluid, and saliva of patients with various forms of PD [4-6];
however, the studies examining the expression of IL-17 in gingival tissue are limited. These
studies analyzed various forms of periodontal disease and periodontitis (aggressive and
chronic according to the previous classification). Most of the studies evaluated total IL-17
without identifying the different isoforms of this cytokine. Most studies have shown in-
creased expression of IL-17, especially in saliva and gingival fluid in patients with acute
forms of periodontitis [17-19]. In the study by Awang et al., serum, saliva, and gingival
crevicular fluid IL-17 levels were higher in periodontitis patients and correlated positively
with clinical parameters of attachment loss, pocket depth, and bleeding on probing [20].
Liukkonen et al. indicated that salivary concentrations of IL-17 were elevated significantly
in patients with local periodontal disease compared with controls and patients with gen-
eralized periodontal disease [21]. Furthermore, in the study by Mitani et al., IL-17 levels
were significantly higher in gingival crevicular fluid from patients with periodontitis [6].

The studies also examined IL-17 serum concentrations in patients with PD [22,23].
Duarte et al. [14] reported significantly higher levels of IL-17 in the serum of patients with
chronic PD. Similar results were presented by Cifcibasi et al., who also observed increased
levels of IL-17 in patients with aggressive PD [24]. However, the mechanisms causing
the increase in IL-17 in systemic circulation remain unclear. Duarte et al. demonstrated
elevated serum IL-17 levels in patients with generalized aggressive periodontitis, which
were reduced by therapy [25]. These studies suggest that local inflammatory changes in
gingival tissue caused an increase in the IL-17 level in systemic circulation.

Increased numbers of IL-17-producing cells were detected in gingival tissue in patients
with periodontitis [26]. These results suggest that the degree of infiltration with IL-17-
producing cells is correlated with the severity of inflammation in PD.

In our study, we examined the expression of IL-17A and IL-17B at the mRNA level,
as well as IL-17 protein expression in gingival tissue from patients with periodontitis as
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well as in healthy subjects. Our results did not detect statistically significant differences in
IL-17A expression at the mRNA level in the gingival tissue of periodontitis patients and
healthy subjects, but IL-17A expression correlated with the proximate plaque index. We
have shown lower expression of IL-17B at the mRNA level in patients with periodontitis in
comparison with healthy subjects. The gingival expression of IL-17B at the mRNA level
correlated with clinical attachment loss. Clinical attachment loss is a parameter indicating
the severity of periodontal disease. Clinical attachment loss is caused by inflammation and
the secretion of cytokines, chemokines, metalloproteinases, and other mediators by cells of
the immune system, causing the destruction of periodontal tissues. IL-17B has been shown
to enhance neutrophil migration, thereby increasing inflammation [8]. It is possible that
IL-17B expression at the mRNA level in gingival tissue may be inhibited by other mediators
involved in the development of periodontitis.

In immunohistochemical analysis, we analyzed the IL-17 protein expression in gingival
tissue from PD patients and healthy subjects. The highest expression of IL-17 was shown in
inflamed connective tissue, epithelium (karatinocytes), and granulation tissue from gingival
biopsy specimens from patients with periodontitis. In biopsy specimens from healthy
individuals, no IL-17 was found in the epithelium (keratinocytes), while an expression of
IL-17 was found in the connective tissue.

One limitation of our study is the lack of a positive control in immunohistochemi-
cal analysis.

The results of this study indicated that IL-17A expression in gingival tissue at the
mRNA level did not differ between PD patients and controls, while IL-17B expression at
the mRNA level is lower in PD patients than in controls. In contrast, we showed increased
IL-17 expression at the protein level in the gingival tissue of PD patients compared to the
healthy group. The results of our study suggest that the increase in IL-17 expression in the
gingival tissue of PD patients occurs at the post-translational stage. Likewise, inflammatory
mediators involved in the development of periodontitis cause stimulation of IL-17 protein
expression, which increases the amount of IL-17 protein in gingival tissue. Periodontitis is
a chronic inflammatory condition in which the immune response is disrupted. Multiple
immune response pathways are activated, leading to the synthesis of pro-inflammatory
mediators and the formation of numerous feedback loops. These results suggest that
IL-17 is part of the inflammatory cascade present in periodontitis. Previous studies have
indicated that IL-17 increases the production of other cytokines, so it also appears that
other pro-inflammatory mediators may affect IL-17 expression [4,5].

Previous studies have shown increased IL-17 expression in the serum, gingival fluid,
and saliva of patients with various forms of periodontal disease [17-22]. These studies
often used previous criteria for classifying periodontal disease, which may be a factor in
the results. In our study, patients were classified according to new criteria in accordance
with the 2017 periodontal disease classification system [15]. It has been shown that IL-17
expression can vary in different tissues. IL-17 is demonstrated to be part of a complex
inflammatory cascade occurring in periodontitis. There is a mutual influence of individual
pro-inflammatory mediators, which interact with each other. Elevated expression of IL-17
protein in gingival tissue may indicate the involvement of IL-17 in the inflammatory process
in the periodontal tissues.

Although a number of previous studies have confirmed an important role in the
development of periodontal diseases, it seems that a full understanding of the involve-
ment of this cytokine and its individual isoforms in the inflammatory cascade present in
periodontitis, especially in light of the new classification of periodontal diseases, requires
further research.

5. Conclusions
The results of our study confirm the involvement of IL-17 in the pathogenesis of periodontitis.
Our results suggest that an increase in IL-17 protein expression in the gingival tissue
of patients with periodontitis occurs at the post-translational stage.
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