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ABSTRACT

Purpose: Periodontitis is associated with a dysbiosis of periodontopathic bacteria,

which stimulate the interleukin (IL)-23/IL-17 axis that plays an essential role in the
immunopathogenesis of this disease, leading to alveolar bone destruction through receptor
activator of nuclear factor «B ligand (RANKL). IL-23 receptor mRNA (IL-23R) has been
identified in periodontitis, and IL-17 receptor A mRNA (IL-17RA) and its protein have not yet
been evaluated in patients with periodontitis. In this study was measure IL-23R and IL-17RA in
gingival tissue (GT) from patients with generalized chronic periodontitis (GCP) and generalized
aggressive periodontitis (GAP) and to explore correlations with clinical parameters.

Methods: We included 16 healthy subjects (HS), 18 patients with GCP, and 14 with GAP. GT
samples were collected during periodontal surgery. Both IL-23R and IL-17RA were detected
by enzyme-linked immunosorbent assay.

Results: The results were analyzed with Mann-Whitney Utest and Spearman' rank correlation
coefficients using SPSS version 25.0. We found lower IL-23R levels in patients with GCP and GAP
than in HS. Contrarily, we observed higher IL17RA levels in GCP and GAP patients than in HS.
Moreover, we found negative correlations between IL-23R in GT and probing depth and clinical
attachment loss (CAL). Likewise, a positive correlation of IL17RA in GT with CAL was found.
Conclusions: The results of these findings suggest that the reverse behavior between IL-23R
and IL-17RA in periodontitis patients may also be involved with the activation of RANKL,
which promotes alveolar bone loss.

Keywords: Aggressive periodontitis; Chronic periodontitis; Interleukine-17RA; Interleukine-23R

INTRODUCTION

Periodontitis is a multifactorial chronic disease associated with a dysbiotic biofilms

and deregulation of the periodontal inflammatory response. The predominant clinical
manifestations include loss of periodontal tissue support manifested by clinical attachment
loss (CAL), periodontal probing depth (PD), percentage of bleeding on probing (%BoP), and
alveolar bone loss. According to the 1999 classification, chronic periodontitis is the most
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Oral dysbiosis

common periodontal disease, which is characterized by moderate progression and differs
from aggressive periodontitis, which shows faster destruction of alveolar bone [1].

Periodontopathogenic bacteria such as Porphyromonas gingivalis, Treponema denticola, and
Tannerella forsythia stimulate dendritic cells to secrete pro-inflammatory cytokines such as
interleukin (IL)-23, which in turn, stimulates Th17 cells through its specific receptor (IL-23
receptor mRNA [IL-23R]) [2]. IL-23R is constituted by an IL-23R subunit (maintaining clonal
expansion) and betal of an IL-12 receptor subunit (IL-12R31); this receptor is expressed
mainly in Th17 cells, which produce IL-17, IL-2, and receptor activator of nuclear factor

«B ligand (RANKL), among others [3, 4]. IL-17 joins its receptor (IL-17R), formed by the
heterodimer IL-17 receptor A (IL-17RA) and IL-17RC isoforms, expressed in some cells such
as fibroblasts to produce RANKL [5]. Moreover, IL-23R and IL-17RA can be present in soluble
form (sIL-23R and sIL-17RA) through a different mechanism [6-8].

The IL-23/IL-17 axis and its receptors play a fundamental role in the immunopathogenesis of
periodontal disease to stimulate RANKL production, activate pre-osteoclasts, and initiate
degradation of the bone matrix [9] (Figure 1). In this sense, a discrepancy in IL-23/IL-17 in
different biological samples has been reported in chronic and aggressive periodontitis [10-25].

In a pilot study, we reported higher sIL-23R levels in plasma from patients with generalized
chronic periodontitis (GCP) and generalized aggressive periodontitis (GAP) than from
healthy subjects (HS) [26]. Otherwise, we found lower levels of sSIL-17RA in serum and plasma
from GCP and GAP patients than from HS [21]. Regarding IL-23R in gingival tissue (GT),
higher mRNA expression has been reported in moderate and severe chronic periodontitis
sites than in healthy sites [27]. Likewise, IL-17RA has been evaluated at the mRNA level
[28] and protein level by immunohistochemistry [29], but only in patients with rheumatoid
arthritis. The aim of this study was to determine IL-23R and IL-17RA at the protein level

in GT samples from patients with GCP and GAP because these receptors are involved in
transduction signals that promote the production of RANKL, which plays a role in alveolar
bone destruction.
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Role of IL-23 and IL-17 and their receptors (IL-23R and IL-17R) in periodontal disease.
LPS and other bacterial components induce the secretion of pro-inflammatory cytokines when they are recognized by APCs found in the gum, such as dendritic
cells, and these produce cytokines such as IL-1, IL-6, and IL-23, among other pro-inflammatory cytokines [2]. IL-23 joins to a specific receptor (IL-23R) in Th17
cells. IL-23R consists of a subunit known as IL-23R that forms a complex with the beta-1 subunit of the receptor to IL-12 (IL-12RB1) [3]. The binding of IL-23 to its
IL-23R receptor in Th17 cells promotes the phosphorylation of JAK2 and tyk2, which activates STAT3, allowing the overregulation of RORYT [4] and subsequently
increasing the expression of pro-inflammatory cytokines such as IL-17 and RANKL [32,34]. Moreover, IL-17, by binding to its IL-17RA receptor expressed in
fibroblasts, initiates the signaling cascade by ACT1 and TRAF6, giving way to the transduction of various pro-inflammatory cytokines like RANKL [5]. RANKL
produced by Th17 or fibroblasts activates preosteoclasts to differentiate into mature osteoclasts, leading to alveolar bone reabsorption [32].
IL: interleukin, LPS: lipopolysaccharide, APC: antigen presenting cell, JAK2: Janus kinase 2, tyk2: tyrosine kinase 2, RANKL: receptor activator of nuclear factor
kB ligand, TNF: tumor necrosis factor, MMP: matriz metalloproteinase.
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MATERIALS AND METHODS

Study subjects

Fifty-three subjects who attended the periodontal clinic of the University of Guadalajara were
recruited to participate in this study from February 15, 2017, to July 30, 2018. Patients who
had clinical features typical of GCP and GAP were enrolled consecutively in the study [1]. All
subjects were in good general health and had not received previous periodontal therapy or
taken any antibiotics, immunomodulatory, or anti-inflammatory drugs months before the
study. Pregnant women, smokers, patients who were undergoing antibiotic prophylaxis for
dental treatment, patients with any systemic disease, and patients on long-term medications
that could affect the expression of gingivitis or periodontitis were excluded from the study.

Medical and dental records were obtained from participants, and the diagnosis and
classification of periodontal disease were performed according to the 1999 classification of
the American Academy of Periodontology [1].

The calculation of the sample size was performed using a formula for studies that evaluate the
difference of independent means, with a significance level of 95% and statistical power of 80%.
Mean and standard deviation values provided by 2 studies that evaluated the cytokine levels of
the IL-23/IL-17 axis in GT in periodontal disease were used [10,12]; the results of both studies
were averaged and a sample size of 12 subjects was obtained per study group (n=12).

Ethical approval of studies and informed consent

The Ethics Committee of the University of Guadalajara approved this study (approval
number: CI-00714). The objective was explained to each participant before they agreed to
participate. Written informed consent was obtained from all participants according to the
2013 Declaration of Helsinki.

Periodontal clinical measurements
Clinical examinations were performed on all existing teeth of the participants, and the
periodontal conditions were assessed based in terms of %BoP, PD, and CAL.

In all participants, the examinations were performed using a periodontal probe (15 mm,
probe tip diameter 0.5 mm; University of North Carolina UNC-15 Hu-Friedy® (Hu-Friedy,
Chicago, IL, USA) by a single researcher, and the PD and CAL were determined.

Clinical parameters (PD, CAL, and %BoP) were measures at 6 sites pertooth, and periapical
radiographs were obtained by the same researcher using the long-cone paralleling technique
with the same radiographic equipment, film, exposure, and development conditions for all
subjects to obtain the diagnosis [1,30,31].

Study groups

HS group

This group included 16 patients (15 women and 1 man; median age, 40 years; interquartile
range [IQR], 12 years) who attended the clinic for dental esthetic surgery (crown lengthening
procedures) without clinical inflammation, or BoP, with <3 mm PD, and with no evidence of
CAL, or radiographic bone loss [1,30,31].
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GCP group

This study group included 23 patients (19 and 4 men; median age, 46 years; IQR, 21 years)
who presented pockets in more than 30% of the oral cavity, including >5 mm CAL and >6 mm
PD with radiographic evidence of alveolar bone loss [1,30,31].

GAP group

This group comprised 14 GAP patients (10 women and 4 men; median range, 32 years; IQR,
5.75 years) who had a family history of >1 family member with a history of severe periodontal
problems. Showing CAL in more than 3 teeth further than the incisors and first molars, with
a minimum of >5 mm CAL, >6 mm PD and radiographic evidence of advanced alveolar bone
loss [1,30,31].

GT collection and protein extraction

GT was obtained during periodontal surgery. The collection included epithelium from the
periodontal pocket or sulcus area and underlying connective tissue; the tissue was recollected
with a #15c scalpel blade and LaGrange scissors (Hu-Friedy). In total, 23 GCP and 14 GAP
patients were treated with flap surgery in sites with >5 mm PD and >6 mm CAL. Sixteen HS
were included who underwent crown lengthening for aesthetic indications and during the
surgical phase the tissue was recollected in sites with <3 mm PD and without CAL, each tissue
sample was placed in a 1.5mL microtube. The microtubes were then immersed in crushed ice
(4°C) and immediately transported to the laboratory to be stored in an ultra-freezer at -80°C
until analysis.

The frozen GT were solubilized. First, the tissue was blotted, weighed on a microbalance, and
then placed in a 1.5 mL microtube with a sufficient volume of RIPA Buffer (Sigma Chemicals,
St. Louis, MO, USA) to ensure the following dilution: 10 mg tissue/100 mL RIPA Buffer

plus protease inhibitor (cOmplete™ Protease Inhibitor Cocktail, Roche Diagnostic GmbH,
Mannheim, Germany). Next, the tissues were macerated with a polypropylene pestle and a
vortex. Finally, samples were centrifuged at 3,000 rpm for 15 minutes. The supernatant was
frozen at -80°C until the IL-23R and IL-17RA enzyme-linked immunosorbent assay (ELISA)
was performed. The procedure was carried out at 4°C [1,30,31].

Protein assay

A standard Bradford micro-method Bradford reagent (Coomassie Brilliant Blue G-250,

95% ethanol, concentrated phosphoric acid, and water) was used to assess the protein
concentration in GT samples. The absorbance was read at 570 nm in a microplate
spectrophotometer (Poweam Medical Systems Co., Nanjing, China). Protein concentrations
were calculated with a bovine serum albumin standard curve (Sigma Chemical) and
expressed as milligrams per milliliter [1, 30, 31].

ELISA

Protein extraction aliquots from GT and standards were added in triplicate to a 96

well microtiter plate to determine IL-23R and IL-17RA concentrations (R&D Systems,
Minneapolis, MN, USA). Optical density was measured in a microplate reader set to 450 nm
with wavelength correction at 540 nm. The signal was detected using a Microplate Reader
WHY101 (Poweam Medical Systems Co.). The IL-23R and IL-17RA concentrations were
calculated with the standard curve included in each assay kit. The concentrations of human
IL-23R and IL-17RA were expressed as picogram per milligram of GT.
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Statistical analyses

IL-23R and IL-17RA levels, age, %BoP, PD, and CAL are expressed as median and IQR,

and results according to sex are presented as frequencies. The data showed an abnormal
distribution using the Shapiro-Wilk test for a small sample size. To observe the differences
in IL-23R, IL-17RA, age, %BoP, PD, and CAL between the study groups, the non-parametric
Mann-Whitney Utest was used, and y2 test was used to compare differences by sex and
periodontal stage and grade. Spearman' rank correlation coefficients were used to study
the relationships between IL-23R and IL-17RA levels in GT and clinical findings. All results
were analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Significance was
considered at a Pvalue of <0.05.

RESULTS

Demographic characteristics and clinical parameters

The GCP group was older than HS and GAP groups. Women predominated in all 3 study
groups. The GCP group showed a higher %BoP than the GAP and HS groups. PD and CAL
were higher in the GAP group in the GCP and HS groups (Table 1).

IL-23R and IL-17RA levels in the GT

Concentrations of IL-23R were measured in the GT of the study subjects, and significantly
lower levels were found in the GCP (median, 37.86; IQR, 27.65) and GAP (median, 24.42;
IQR, 39.33) groups in the HS group (median, 62.43; IQR, 81.1) (Figure 2A). Regarding the
concentrations of IL-17RA measured in the GT, we found a significantly higher levels in
patients with GCP (median, 1.78; IQR, 2.36) and GAP (median, 1.75; IQR, 5.1) than in HS
(median, 1.07; IQR, 1.13) (Figure 2B). However, we found no significant differences in IL-23R
and IL-17RA levels in GT between the GCP and GAP groups (Figure 2).

Correlations between IL-23R and IL-17RA in the GT clinical parameters
Spearman' rank correlation coefficients were calculated for the clinical parameters and the
IL-23R and IL-17RA levels. Since the sample were GT, the clinical parameters used for the
correlations correspond to the exact areas where the GT was collected. We found that IL-23R
levels showed negative correlation with PD and CAL. Moreover, a positive correlation was
found between IL-17RA levels and CAL. Regarding the correlations between the clinical
parameters (PD, CAL, and %BoP), we found significant correlations between PD and CAL,
between PD and %BoP, and between CAL and %BoP (Figure 3).

Demographic characteristics and clinical parameters

Parameters HS (n=16) GCP (n=23) GAP (n=14) P value
Mean age (yr) 40 (12) 46 (21) 32 (5.75)2 0.001
Female/male 15/1 19/4 10/4 0.270
%BoP 0 (0) 10.87 (46.96) 9.95 (92.33)? 0.003
PD (mm) 2.4 (1) 5.5 (1) 6.33 (3.05)2” <0.001
CAL (mm) 0 (1.56) 5.5 (2.5)? 7.75 (3.14)20 <0.001

Data are the median and interquartile range or percentages.

HS: healthy subjects, GCP: generalized chronic periodontitis, GAP: generalized aggressive periodontitis, BoP:
bleeding on probing, PD: probing depth, CAL: clinical attachment level.

aSignificant differences compared to HS; PSignificant differences compared to GCP.
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IL-23R and IL-17RA levels in gingival tissue from patients with chronic and aggressive periodontitis.
The levels of IL-23 and IL-17 receptors in gingival tissue of HS, patients with GCP, and patients with GAP were measured by enzyme-linked immunosorbent assay
and expressed as picograms of IL-23R and IL-17RA per milligram of gingival tissue. The results are shown as median and interquartile range and were analyzed
using the Mann-Whitney U test. We found significantly lower IL-23R levels in patients with GCP and GAP than in HS (A). Conversely, we observed significantly
higher in IL-17RA levels in patients with GCP and GAP than in HS (B). A P value <0.05 was considered to indicate statistical significance.
IL: interleukin, HS: healthy subjects, GCP: generalized chronic periodontitis, GAP: generalized aggressive periodontitis.
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Correlations between IL-23R and IL-17RA in the gingival tissue and clinical parameters.
Spearman’ rank correlation coefficients were calculated for the values of the evaluated clinical parameters and
the concentrations of the receptors.
IL: interleukin, PD: probing depth, CAL: clinical attachment loss, BoP: bleeding on probing.
3p value <0.01; PP value <0.05.

DISCUSSION

The IL-23/IL-17 axis plays an essential role in the immunopathogenesis of periodontitis

[2]. The binding of IL-23 to its IL-23R receptor in Th17 cells promotes the expression of
pro-inflammatory cytokines such as IL-17 and RANKL [32]. IL-17, by binding to its IL-1I7RA
receptor expressed in fibroblasts, induces the transduction of various pro-inflammatory
cytokines such as RANKL. RANKL produced by Th17 or fibroblasts activates preosteoclasts
differentiate into mature osteoclasts, leading to alveolar bone reabsorption [2].

Several studies have shown differences in the levels of the IL-23/IL-17 axis in biological samples
from patients with periodontal disease [10-25]. However, only 1 study has evaluated the
expression of IL-23R mRNA in the GT of periodontal diseases [27], and IL-17RA has only been
evaluated in patients with rheumatoid arthritis at the mRNA level [28] and protein level [29].

In pilot studies, we determined the levels of IL-23R and IL-17RA in serum and plasma from

patients with GCP and GAP [21,26]. However, IL-23R and IL-17RA levels at the protein level in
GT samples from patients with chronic and aggressive periodontitis have not been reported.
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IL-23R can also be present in a soluble form (sIL-23R), which is generated by 2 mechanisms:
alternative splicing [6] and cleavage of cell membranes by proteases, such as ADAM10 and
ADAM17 [7]. In this sense, Bostanci et al. [33] did not observe a difference between ADAM17
concentrations in gingival crevicular fluid from healthy HS and GCP patients. In GT higher
mRNA IL-23R expression has been reported in sites with periodontitis than in HS [27]. Our

IL-23R and IL-17RA in chronic and aggressive periodontitis

results suggest the possibility that once the mRNA of IL-23R is translated into protein, others
adamalysins such ADAM10 could cleave IL-23R [7], which probably leads to reduced levels of
this receptor in the GT of patients with GCP and GAP.

In addition to these results, we also found a negative correlation between IL-23R in the GT
and clinical parameters (PD and CAL). Therefore, we can infer that the expression pattern

of this receptor might depend on disease progression since, with higher PD and CAL, the
concentration of IL-23R in the GT decreased. IL-23R may be overexpressed in the early stages
of periodontal disease since IL-23 stimulates IL-23R overexpression in Th17 cells to activate
clonal expansion [34].

Concerning IL-17RA in the GT, we found higher concentrations in GCP and GAP patients
than in HS. Contrary to these results, in a previous study, we reported lower levels of sIL-
17RA in plasma from GAP and GCP patients than in HS [21]. In this context, it has been
demonstrated that several isoforms of IL-17RA, including the sIL-17RA soluble isoform,

lack the intramembrane region and are generated by alternative splicing [6]. This isoform
can capture IL-17A, which functions as an antagonist to IL-17RA, and by this mechanism it
may inhibit signaling pathways [8,35]. It is possible that the IL-17RA expression in the GT is
higher in GCP and GAP patients, and this membrane-bound receptor is not being converted
to sIL-17RA by splicing, this possible explanation is consistent with the low levels of sSIL-17RA
in the plasma of patients with GCP and GAP that we previously demonstrated [21].

Furthermore, it is essential to note that the IL-17RA levels in the GT of patients with GCP and
GAP are similar to the IL-17 levels reported in various types of samples from patients with
periodontitis [10,12-23,25].

In contrast, we found a positive correlation between IL-17RA in the GT with CAL. In the GT,
we evaluated the total amount of IL-17RA and found support for the idea that increased levels
of this receptor in tissue are strongly related to a more severe loss of gingival insertion and,
consequently, the progression of periodontitis. IL-17A is known to play a fundamental role

in alveolar bone destruction; most likely, in the GT, IL-17RA plays a pivotal role in RANKL
production, mainly by fibroblast [36].

It is important to point out that analysis of IL-23R and IL-17RA protein levels in GT from

GAP and GCP patients initiates with the knowledge of the function of these receptors 7n situ.
These molecules will also be evaluated in periodontitis, according to the new classification
of periodontal disease [37,38]. A previous report described IL-23R mRNA expression in
periodontitis [27]; however, no studies have investigated IL-17RA mRNA expression in the GT
of these patients. Moreover, it is unknown whether several adamalysins can cleave IL-17RA
from the membrane as ADAM17 does with IL-23R in periodontitis.

However, there is strong evidence that chronic periodontitis is linked to both the initiation

and progression of systemic diseases such as rheumatoid arthritis or neuroinflammatory/
neurodegenerative disorders such as Alzheimer's disease and multiple sclerosis [39,40].
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In this regard, IL-1 and tumor necrosis alpha-1 produced in response to lipopolysaccharides
(LPS) derived from periodontopathogenic bacteria in periodontitis have been described as
trigger neuroinflammatory/neurodegenerative diseases [39,40]. Ballerini et al. [40] proposed
amodel of anti-inflammatory effects derived from stem cells from relapsing-remitting
multiple sclerosis patients as a new perspective on the therapeutic use of autologous

IL-23R and IL-17RA in chronic and aggressive periodontitis

periodontal stem cells in neuro-inflammatory/neurodegenerative diseases.

This advancement is of paramount importance because the IL-23/IL-17 axis is also triggered
by the LPS stimulus from periodontopathogenic bacteria [2], so the model proposed by
Ballerini et al. [40] could be applied as a new therapeutic approach to periodontitis and its
associated systemic diseases.

In conclusion, the inverse behavior of IL-23R and IL-17RA in GT from patients with GCP and
GAP showed the role of these molecules 77 situ regarding the severity of periodontitis and the
involvement of these molecules in the production of RANKL, which promotes alveolar bone
loss in periodontitis. Lower levels of IL-23R in GCP and GAP, were associated with a higher
severity of clinical parameters such as PD, CAL, and %BoP. Conversely, higher levels of IL-
17RA were present in GCP and GAP patients, and were associated whit more severe CAL.

Finally, molecular and functional tests of IL-23R and IL-17RA would provide knowledge
about the immunopathogenesis of periodontal disease, including the mechanisms involved
in the destruction of periodontal supporting tissues. In the near future, it may be possible
to implement immunological therapies that regulate these mechanisms to decrease the
destruction of tooth supporting tissues.
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