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Abstract  

Objective:  To assess the levels of IL-12, IL-15, IL-18, and IL-32 in the gingival crevicular fluid (GCF) and peri-

implant crevicular fluid (PICF) in patients with gingivitis, periodontitis, and peri-implantitis before and one year after 

implant installation. Material and Methods: Forty-nine samples of GCF and PICF were collected from March 2018 to 

March 2019. The patients were classified: patients with gingivitis (n=7), patients with periodontitis (n=14), patients 

with peri-implantitis (n=4) and healthy patients (n=24). The crevicular fluid from the 49 patients was collected before 

implant installation (n=8) and one year after implant placement (n=8). The Enzyme-Linked Immunosorbent Assay 

(ELISA) was used to evaluate the levels of cytokines in crevicular fluid. Results: Patients with gingivitis, 
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periodontitis, and peri-implantitis showed higher concentrations of IL-12, IL-15, IL-18, and IL-32 when compared 

with control group. In general, the levels of IL-12 and IL-15 increased when compared to the moments before and 

after implant installation. There was also an increase in the concentration of IL-18 in the control group volunteers 

after implant installation. Conclusion: The results and methodology of this study showed that there was no difference 

in the synthesis of IL-12, IL-15, IL-18, and IL-32 in healthy individuals or in those with periodontal injuries. 

However, there was an increase in the cytokines IL-12, IL-15, and IL-18 one year after implant installation, which 

would be increasing the inflammatory activity in peri-implantitis.  

Keywords: Cytokines; Periodontal diseases; Gingival crevicular fluid; Peri-implantitis. 

 

Resumo  

Objetivo: Avaliar os níveis de IL-12, IL-15, IL-18 e IL-32 no fluido crevicular gengival (FCG) e peri-implantar 

(FCPI) de pacientes com gengivite, periodontite e peri-implantite antes e um ano após a instalação do implante. 

Material e Métodos: Quarenta e nove amostras de FCG e FCPI foram coletadas entre março de 2018 a março de 2019. 

Os pacientes foram classificados de acordo com a situação periodontal ou peri-implantar: pacientes com gengivite 

(n=7), pacientes com periodontite (n=14), pacientes com peri-implantite (n=4) e pacientes saudáveis (n=24). Desses 

49 pacientes, foi coletado fluido crevicular antes da instalação do implante (n=8) e um ano após a instalação do 

implante (n=8). O Ensaio de Imunoabsorção Enzimática (ELISA) foi usado para avaliar os níveis de citocinas no 

fluido crevicular. Resultados: Pacientes com gengivite, periodontite e peri-implantite apresentaram maiores 

concentrações de IL-12, IL-15, IL-18 e IL-32 quando comparados ao grupo controle. Em geral, os níveis de IL-12 e 

IL-15 aumentaram quando comparados aos momentos antes e após a instalação do implante. Também houve aumento 

na concentração de IL-18 nos voluntários do grupo controle após a instalação do implante. Conclusão: Os resultados e 

a metodologia deste estudo mostraram que não houve diferença na síntese de IL-12, IL-15, IL-18 e IL-32 em 

indivíduos saudáveis ou com lesão periodontal. Porém, houve aumento das citocinas IL-12, IL-15 e IL-18 um ano 

após a instalação do implante, o que estaria aumentando a atividade inflamatória na peri-implantite. 

Palavras-chave: Citocinas; Doenças periodontais; Líquido do sulco gengival; Peri-implantite. 

 

Resumen  

Objetivo: Evaluar los niveles de IL-12, IL-15, IL-18 e IL-32 en el líquido crevicular gingival (LCG) y en el líquido 

crevicular periimplantar (LCP) de pacientes con gingivitis, periodontitis y periimplantitis antes y un año después de la 

colocación del implante. Material y métodos: Se recogieron 49 muestras de FCG y FCPI entre marzo de 2018 y marzo 

de 2019. Los pacientes se clasificaron según el estado periodontal o periimplantario: pacientes con gingivitis (n=7), 

pacientes con periodontitis (n=14), pacientes con periimplantitis (n=4) y pacientes sanos (n=24). De estos 49 

pacientes, se recogió líquido crevicular antes de la instalación del implante (n=8) y un año después de la instalación 

del implante (n=8). Se utilizó un ensayo inmunoenzimático (ELISA) para evaluar los niveles de citoquinas en el 

líquido crevicular. Resultados: Los pacientes con gingivitis, periodontitis y periimplantitis presentaban mayores 

concentraciones de IL-12, IL-15, IL-18 e IL-32 en comparación con el grupo de control. En general, los niveles de IL-

12 e IL-15 aumentaron en comparación con los momentos anteriores y posteriores a la instalación del implante. 

También se produjo un aumento de la concentración de IL-18 en los voluntarios del grupo de control tras la 

instalación del implante. Conclusión: Los resultados y la metodología de este estudio mostraron que no había 

diferencias en la síntesis de IL-12, IL-15, IL-18 e IL-32 en sujetos sanos o en sujetos con lesiones periodontales. Sin 

embargo, hubo un aumento de las citocinas IL-12, IL-15 e IL-18 un año después de la instalación del implante, lo que 

aumentaría la actividad inflamatoria en la periimplantitis. 

Palabras clave: Citoquinas; Enfermedades periodontales; Líquido del surco gingival; Periimplantitis. 

 

1. Introduction  

Periodontal diseases are inflammatory processes that start in the gingiva as a response to bacterial antigens that 

accumulate on the dental plaque throughout the gingival margin. The plaque is a biofilm formed by bacteria, salivary proteins, 

and desquamated epithelial cells. Bacteria trigger the production of cytokines and chemokines on the gingival epithelium, 

leading to the expression of adherence molecules and to the increase of the permeability of gingival capillaries and of the 

chemotaxes of neutrophils through the junctional epithelium into the gingival sulcus (Silva et al., 2015). The earlier 

manifestation of the periodontal disease is gingivitis, which is characterized by hyperemia, edema, and gingival bleeding. 

When gingivitis is not treated early, it can evolve into a periodontitis, which is characterized by the loss of the insertion of the 

periodontal tissue that gives support and protection to the dental element. Therefore, the periodontitis affects deeper structures, 

causing the resorption of the collagen fibers of the periodontal ligament, the resorption of the alveolar bone, abscesses, increase 

of the gingival sulcus depth, greater tooth mobility, and loss of the dental element (Zhang et al., 2020).  
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The progression of the periodontal disease does not depend only on the bacteria, but also on the immunological 

response. Consequently, the immune response of the host has an essential role in the balance between the destruction and the 

recovery of the periodontal tissue. Therefore, current researches about periodontal diseases have focused on the immunological 

responses involved in them (Zhang et al., 2020). 

On the other hand, the bacteria in the biofilm can also provoke revertible inflammation on the mucosa that surrounds 

dental implants (peri-implant mucositis) and irreversible injuries in the tissue that sustains these implants (peri-implantitis) 

(Rinke et al., 2020). This can trigger marginal bleeding, mobility, and loss of the implanted dental element, compromising both 

aesthetic and function. Similarly to periodontal diseases, the cytokines released in the site contribute for the progress of these 

diseases (Ali et al., 2021). However, these peri-implant diseases are still not fully understood. So far there is no consensus on 

the etiologies and pathogenesis, especially when compared to periodontitis (Kalsi, Moreno, & Petridis, 2021).   

However, the installation of dental implants brings great benefits to patients and has contributed to reducing the 

number of edentulous patients worldwide. The treatment of edentulism with dental implants is a routine treatment in daily 

dental practice and is becoming more and more widespread over the years (Kormas et al., 2020). Although there has been a 

great advance in the area of these implants in recent years, the number of failures related to inflammation of the peri-implant 

tissue has also increased. Currently, the prevalence of periimplant diseases is high, with 43% progressing to periimplant 

mucositis and 22% progressing to periimplantitis (Rinke et al., 2020). 

The number of studies in this area is growing in order to understand the immunological mechanism involved in the 

progression of these diseases, since the assessment of inflammatory cytokine levels in periodontal and peri-implant diseases 

can allow the identification of the active disease, contributing to the diagnosis and early treatment (Ali et al., 2021). 

The present study was carried out aiming to contribute for the understanding of tissue injury in gingivitis, 

periodontitis, and peri-implantitis, starting from the principle that interleukins (IL) and other cytokines stimulate cells from 

several different lineages and differentiation stages.  

Figure 1 summarizes the behavior of the immune response during the establishment and development of the 

periodontal lesion. During gingivitis and, later, periodontitis, immune cells, such as TCD4+ lymphocytes and NK cells are 

activated and produce IFN-γ, a key cytokine for other interleukins to be activated, such as IL-12, IL-15, IL-18, and IL-32 

(Zhuang et al., 2018). Once these cytokines are produced, a feedback loop is activated, more IFN-γ is produced and more NK 

cells are activated, creating a serious inflammatory disorder (Pradeep et al., 2009). This disorder is characterized by high levels 

of IL-12, IL-15, IL-18, IL-32, which are proinflammatory cytokines, related to the liberation of other proinflammatory 

cytokines (IFN-γ and TNF-α) (Nakanish et al., 2001) and chemokines. This group of cytokines (Interleukins 12, 15, 18, and 

32) have proteolytic action, thus acting in the progression of inflammatory diseases such as gingivitis and periodontitis (Conti, 

Youinou, & Theoharides, 2007). 
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Figure 1 - Relation between IL-12, IL-15, IL-18, and IL-32. 

 

Created by BioRender.com. Source: Authors (2021). 

 

Although there are studies that evaluated the immune response in periodontal and peri-implant tissues (Ali et al., 

2021), this is the first study to simultaneously compare the levels of IL-12, IL-15, IL-18 and IL-32 in the crevicular fluid from 

patients with gingivitis, periodontitis and periimplantitis. Also, the first study to compare all these cytokines simultaneously, 

before and one year after the installation of dental implants.  

As all the immunological mechanisms involved in these diseases are not yet understood, the results of the present 

study will allow us to bring new knowledge for better understanding of the pathogenesis of periodontal and peri-implant 

diseases. This study can contribute to a better quality of life for people, since the understanding of the mechanisms of these 

diseases can collaborate in the adoption of prophylactic and therapeutic measures in order to prevent the loss of teeth and 

dental implants. Knowing the importance of teeth for aesthetic, mastication, and phonetics is enough to justify the need to 

understand the pathogenesis of these diseases. 

Therefore, the objective of this study was to evaluate the levels of IL-12, IL-15, IL-18, and IL-32 in the gingival fluids 

of patients with gingivitis, periodontitis, and peri-implantitis, before the extraction of the teeth and one year after the placement 

of dental implants. 

 

2. Methodology  

Selection of patients 

This prospective cross-sectional study was approved by the Ethics Committee on Human Research of the University 

of Uberaba/MG, Brazil, under protocol number 2.457.394, CAAE: 64947717.0.0000.51. All eligible patients were informed 

about the nature of the study and about the potential risks and benefits of participating by signing the Informed Consent Form. 

The clinical investigation was carried out according to the principles from the Declaration of Helsinki. The patients were 

selected during the peri-implant support therapy, from March 2018 to March 2019, in the Getúlio Vargas Polyclinic from the 

University of Uberaba/MG, in Uberaba, Minas Gerais, Brazil. Medical and odontological information were obtained from the 

patients, who agreed participating in the study and were in accordance with the inclusion/exclusion criteria. 

Forty-nine patients were selected and classified according to their periodontal situation: patients with gingivitis (n=7), 

patients with periodontitis (n=14), patients with peri-implantitis (n=4), and healthy patients (n=24). The crevicular fluid from 

the 49 patients was collected before (n=8) and one year the placement of the implant (n=8). In this group (n=8) the patients 
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were classified according to their periodontal situation: patients with gingivitis (n=4), patients with periodontitis (n=3), patients 

with peri-implantitis (n=1). 

For the selection criteria of teeth and implant for collection, the tooth and implant with the greatest probing depth 

were selected. Importantly, all patients in the study received implants and most patients had more than one implant in their oral 

cavity. When a patient had periodontitis or peri-implantitis in more than one site, the one with the greatest probing depth was 

selected.  

The inclusion criteria for the selection of patients were: 1. Healthy patients: absence of gingival erythema, bleeding on 

probing, edema, suppuration, and no increase in probing depth when compared to previous exams (Berglundh et al., 2018). 

Furthermore, the patients had to be in a good general state of health, not having para-functional habits, and sign the Free and 

Informed Consent Form; 2. Patients with gingivitis: probing depths of up to 3mm, 10% or more places with bleeding on 

probing, no clinical attachment loss or radiographic bone loss (Chapple et al., 2018); 3.  Patients with periodontitis: clinical 

attachment loss detected in one or more interproximal non-adjacent sites or loss of insertion of 3mm or more in the vestibule or 

lingual/palate in at least two teeth, as long as not caused by: a) traumatic gingival recession; b) dental cavity reaching the 

cervical area of the teeth; c) loss of insertion in the distal surface of a second molar and associated to the bad position or 

extraction of a third molar; d) endoperiodontal lesion draining through the marginal periodontium or e) vertical root fracture 

(Tonetti, Greenwell, & Kornman, 2018; Papapanou et al., 2018); 4. Patients with peri-implantitis: a) signs of peri-implant 

inflammation (gingival erythema, bleeding at probing, edema, suppuration, and increase in probing depth when compared to 

previous exams), b) radiographic evidence of bone loss after initial healing, and c) radiographic bone level ≥ 3 mm 

accompanied by bleeding at probing and probing depth ≥ 6mm (Renvert et al., 2018). 

The exclusion criteria to select the patients were: prior periodontal or peri-implant therapy for at least one year, 

relevant systemic diseases not-compensated for, such as diabetes and osteoporosis; the use of antibiotics or anti-inflammatory 

in the last six months; smoking; chronic alcoholics; pregnant women; implants with mobility or suppuration, and those who 

did not accept signing the Consent Form (De Araújo et al., 2017). 

The following parameters were evaluated in six sites of each implant (mesial-vestibular, vestibular, disto-vestibular, 

mesial-lingual, lingual, and disto-lingual), using a periodontal probe (PCPUNC-15BR Hu-Friedy, São Paulo, Brazil): (a) 

marginal bleeding - the presence or absence of bleeding was recorded by passing of the periodontal probe alongside the 

margins of the soft tissue; (b) suppuration - presence or absence of suppuration, spontaneous or when probing; (c) probing 

depth - distance in millimeters from the margin of the mucosa to the bottom of the sulcus or the peri-implant pocket (De 

Mendonça et al., 2009). 

 

Collection of peri-implant and gingival fluid   

For the collection of gingival and peri-implant fluid, selected teeth or implants were isolated using sterile gauze and 

the collection places were softly dried with an air syringe. Four absorbent paper points number 40 were placed, isolated, in 

each place of collection (mesial-vestibular, vestibular, disto-vestibular, mesial-lingual, lingual, disto-lingual), for 

approximately 2 mm in the sulcus/pocket for 30 seconds each. Points contaminated by blood or saliva were discarded. Later, 

the points were placed in an epperndorf tube with a 0.5 Phosphate-Buffered Saline (PBS) buffer solution, pH 7.2, composed by 

1.9g monobasic potassium phosphate (KH2PO4), 5.1 g sodium phosphate (Na2HPO4), 42.5 g sodium chloride (NaCl), and 500 

ml ultrapure water, distilled in a Milli Q® (Millipore) device and frozen at -70°C (Escobar et al., 2018). 
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Quantification of IL-12, IL-15, IL-18, and IL-32 in the gingival crevicular fluid (GCF) and the peri-implant crevicular 

fluid (PICF) 

The samples collected were analyzed through an enzyme-linked immunosorbent assay (ELISA) to determine the 

levels of IL-12, IL-15, IL-18, and IL-32 using specific antibody pairs commercially available, according to the 

recommendations of the manufacturer (Quantikine, R&D Systems, Minneapolis, MN, EUA). The following kits from R&D 

Systems were used: a) Human IL-12 p70 Quantikine ELISA Kit – listing number: D1200; b) Human IL-15 Quantikine ELISA 

Kit – listing number: D1500; c) Human Total IL-18 DuoSet ELISA – listing number: DY318-05; d) Human IL-32 DuoSet 

ELISA – listing number: DY3040-05. High-sensitivity 96 well flat bottom plates (Microplate, PS, half area, high binding, 

Greiner Bio-One GmbH, Frickenhausen, Germany). Later, they were cleaned using PBS/Tween 0.05% in an automated 

cleaner, blocked with 150 μl of PBS/BSA 1% (at least one hour, room temperature) and cleaned again using PBS/Tween 

0.05%. The samples were added to the wells of the plates and, in parallel, a standard curve was incorporated through serial 

dilutions of the respective recombinant cytokine. The samples throughout the curve were incubated through night at 4ºC. The 

wells were then cleaned using PBS/Tween 0.05% and, later, 50 μl/well were inserted with their respective detection antibodies. 

They remained for three hours in room temperature and were later cleaned using the PBS/Tween 0.05%. After this stage, 50 

μL/well of alkaline phosphatase were pipetted with streptavidin in PBS/BSA 1%, remaining in room temperature and protected 

from direct light for two hours. Later, the plates were cleaned using PBS/Tween 0.05%, after which 50μl/well of the substrate 

solution were added. The reaction was interrupted using a 2N of H2SO4 solution. The results were found using absorbance 

measures of 450 nm and 570 nm in an automated ELISA reader (Enspire, Perkin Elmer, EUA).  The concentrations of the 

mediators were determined using a linear regression with the absorbance values found in the curves and expressed in pg/mL. 

The results were calculated using standard curves created in each assay, and the absorbance was found comparing the 

difference between the first and the second wavelengths (R&D SYSTEMS, 2020). The ELISA assay was blind. 

 

Quantification of total proteins (TPs) 

 The concentration of cytokines indicated by the automated ELISA reader (Enspire, Perkin Elmer, USA) was corrected 

according with the total concentration of total proteins (TPs) in the crevicular fluid. To do so, 2 µL of the sample of crevicular 

fluid were analyzed in a Spectrophotometer NanoDrop® 2000 (Thermo Fisher Scientific, Wilmingtong, DE, EUA). The 

samples were considered adequately pure when the ratio between absorbances, for 230nm (Green & Sambrook, 2018). 

 

Statistical Analysis 

The statistical analysis was carried out using Excel 2013 for Windows (Microsoft - EUA), GraphPad Prism, version 8. 

The Shapiro-Wilk Test was used to verify the normal distribution of the quantitative variables. The continuous variables, 

which present normal distribution, were expressed in mean ± standard deviation. For the multiple comparisons, the ANOVA 

test and Tukey's test were used. Student's t-test was used for single comparisons. Variables that did not have normal 

distribution were expressed in median, minimum, and maximum. For the multiple comparisons, the Kruskal-Wallis and Dunn's 

tests were used. For single comparisons, Mann-Whitney's test was used. The significance level assumed for the variables was 

5% (α=0.05).  

 

3. Results  

The concentration of cytokine dosages between control voluntaries and those affected by gingivitis, periodontitis, and 

peri-implantitis can be seen in table 1. There were no statistically significant differences regarding the concentrations of IL-12 
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(p=0.5222), IL-15 (p=0.8463), IL-18 (p=0.9980), and IL-32 (p=0.4039) between the control volunteers and those affected by 

gingivitis, periodontitis, or peri-implantitis (Table 1). 

 

Table 1 - Representation of the dosage of cytokine in control group patients and those with gingivitis, periodontitis, and peri-

implantitis. 

 IL-12a 

(n=49) 

IL-15b 

(n=49) 

IL-18c 

(n=49) 

IL-32d 

(n=49) 

Control 23.7 (2.7-363.5) 34.1 (5.7-263.5) 24.6 (4.0-213.5) 12.2 (0.0-711.6) 

Gingivitis 19.8 (7.3-57.4) 30.3 (9.0-60.0) 22.5 (19.0-39.7) 7.3 (0.0-73.7) 

Periodontitis 38.9 (5.4-97.1) 39.1 (8.0-75.7) 26.6 (3.7-51.79) 0.0 (0.0-124.8) 

Peri-Implantitis 17.0 (12.9-46.3) 24.2 (20.3-48.4) 24.1 (17.1-33.5) 7.0 (0.0-136.8) 

a Kruskal-Wallis test with p=0.5222; 

 b Kruskal-Wallis test with p=0.8463; 

 c Kruskal-Wallis test with p=0.9980;  
d Kruskal-Wallis test with p=0.4039. 

Source: Authors (2021).  

 

Figure 2 is a residual representation of the dosage of interleukins, to show that the concentrations of cytokines IL-12, 

IL-15, and IL-18 were higher in the crevicular fluid of the group with periodontitis, when compared to the other groups. 

 

Figure 2 - Heat map representation of cytokines IL-12, IL-15, IL-18 E IL-32, comparing the experimental group volunteers 

(n=49). 

 

Source: Authors (2021). 

 

Regarding the expression of cytokines IL-12, IL-15, IL-18, and IL-32 between volunteers who received implants, 

figure 3 shows the analysis of the moments before the implant and one year after the implant. The levels of IL-12 (p=0.0499) 

and IL-15 (p=0.0011) increased after the implant, as shown in images 3A and 3B, respectively. The concentrations of IL-18 

(p=0.08) also increased when the moment before the implant was compared with one year later (Figure 3C), there was no 

statistically significant difference. Finally, the IL-32 were lower after one year of the implant, albeit with no statistical 

difference (Figure 3D).  
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Figure 3 - Representation of the dosages of cytokines comparing the moments before and after the implant. aMann Whitney, 

IL-12: p=0,0499; bMann Whitney, IL-15: p=0,0011; cMann Whitney, IL-18: p=0,08; dMann Whitney, IL-32: p=1; (n=8) 

 

Source: Authors (2021). 

 

Figure 4A shows the cytokines IL-12, IL-15, IL-18, and IL-32 before and after the implant, between control 

volunteers and those with periodontal injuries (gingivitis and/or periodontitis). Regarding the IL-12 dosages, in Figure 4A, this 

cytokine increased after the implant, both for control volunteers and for volunteers with periodontal injuries. However, this 

result was not statistically significant. The dosages of IL-15 (Figure 4B) increased after the implant in both groups. However, 

in the control group, this increase trended towards a statistically significant result (p=0.0512), while in the group with 

periodontal injuries there was a significant increase in IL-15 concentration (p=0.0407). Finally, there was also an increase in 

the IL-18 concentration (p=0.0153) among control volunteers, when the moments before and after the implant were compared 

(Figure 4C).  

 

Figure 4 - Representation of the dosages of cytokines, comparing moments before and after the implant, between control 

volunteers and those with injuries (gingivitis and/or periodontitis). bKruskal-Wallis test and Dunn's post test, IL-15: p=0.0512 

before implant control vs. after implant control; bKruskal-Wallis test and Dunn's post test, IL-15: p=0.0407 before implant 

lesion vs. after implant lesion; cKruskal-Wallis test and Dunn's post test, IL-18: p=0.0153 before implant control vs. after 

implant control; (n=8). 

 

Source: Authors (2021). 
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Regarding Figure 5, it is a residual representation of cytokine concentrations. It is possible to notice that there was an 

increase in the concentration of the IL-12, IL-15, and IL-18 cytokines when we compare the moments before the implant in 

control volunteers and in those with injuries (gingivitis and/or periodontitis). There was also an increase in the concentration of 

cytokines IL-12 and IL-15, when the moment after the implant is compared between control volunteers and those with injuries 

(gingivitis and/or periodontitis) (Figure 5). 

 

Figure 5 - Heat map representation of cytokines IL-12, IL-15, IL-12, and IL-32, comparing moments before and after the 

implant, between control volunteers and those with injuries (gingivitis and/or periodontitis) (n=8). 

 

Source: Authors (2021). 

 

4. Discussion 

The null hypothesis was not rejected in this study, since there was no significant difference between the cytokines 

analyzed in the control group and the groups with gingivitis, periodontitis, and peri-implantitis. Regarding the analysis of the 

cytokines before and after the implant, the null hypothesis was rejected for cytokines IL-12, IL-15, IL-18, because a significant 

difference was observed.  

We evaluated the patients one year after they had an implant placed, since the functional load can collaborate for 

marginal bone loss around the implants.41According to the literature consulted, this is the first study that simultaneously 

compared the levels of IL-12, IL-15, IL-18, and IL-32 in the gingival crevicular fluid (GCF) of patients with gingivitis and 

periodontitis, in addition to the peri-implant crevicular fluid (PICF) in peri-implantitis, using the ELISA method.  

Our study did not observe statistically significant differences regarding IL-12, IL-15, IL-18, and IL-32 concentrations 

between control volunteers and those affected by gingivitis, periodontitis, and peri-implantitis, corroborating a previous study 

in which the authors showed that the profile of proinflammatory cytokines (TNF-α, IL1-β, TGF-β2) in the periodontal tissue, 

measured by the method ELISA, was similar to the peri-implant tissue at three different points in time (0, 21, 90 days) after the 

placement of the implant (Schierano et al., 2008). A previous study found, opposed to these findings, that IL-12 and IL-18 

induced severe inflammatory disturbance, suggesting that IL-18 is a potent proinflammatory cytokine with a 

physiopathological role in many inflammatory conditions (Pradeep et al., 2009).  Furthermore, IL-32 is known to be secreted 

by several cells after the stimulation of some inflammatory cytokines, such as Il-12, IL-1b, IFN-γ, IL-18. The IL-32 is an 

inflammatory cytokine produced by lymphocytes, epithelial cells activated by IFN-γ, NK cells (Goda et al., 2006). 
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Furthermore, the IL-32 acts over macrophages/monocytes, encouraging the synthesis of TNF-α and IL-6, as well as inducing 

the secretion of chemokines (IL-8 and MIP-2), being important in the triggering and persistence of the inflammatory process 

(Kim et al., 2005). Still regarding IL-32, this cytokine antagonizes the activation of NK cells to inhibit phosphorylation of 

STAT5 mediated by IL-15, suppressing its expression of an effector molecule induced by IL-15, with cytolytic capacity 

(Gorvel et al., 2017). IL-15, in turn, controls the liberation of IL-18 by human monocytes, creating a proinflammatory 

environment, as induced by IFN-γ (Sattler et al., 2015). The combination of IL-15 and IL-18 could induce the expression of 

IFN-γ and granzyme B, suggesting that when these cytokines act together, they are more potent (Ussher et al., 2013). 

Interleukins IL-15 and IL-32 contributed together to cause physiopathological events that include cell death, inflammation, 

allergy, and epithelial cell autoimmunity (Conti, Youinou, & Theoharides, 2007). Although the human recombinant IL-32 

induces the production of many proinflammatory cytokines and chemokines (Conti, Youinou, & Theoharides, 2007), our study 

suggests that IL-32 may have contributed for the non-activation of IL-12, IL-15, IL-18, inhibiting the levels of these cytokines 

in the gingival crevicular fluid (GCF) and in the peri-implant crevicular fluid (PICF). 

Cytokines IL-12, IL-15, and IL-18 presented higher levels in the group with periodontitis when compared to the other 

groups. Furthermore, after the implant, there was an increase in the concentration of cytokines IL-12, IL-15, and IL-18 when 

compared to the moment one year after the implant, for both the control and injured patients. This can be made clear by the 

fact that the human NK cells show an adaptive behavior in response to a combination of proinflammatory cytokines, such as 

interleukins IL‐12, IL‐15, and IL‐18. (Romee et al., 2016). All cytokines mentioned lead to the generation of NK cells with 

functional "memory" properties (Zhuang et al., 2018). It has been shown that the cell line of monocytes and macrophages can 

respond to the encouragement of IL-15, increasing Il-18 and IL-12 (Bannwart et al., 2007). Furthermore, the IL-18 is a 

cytokine responsible for the beginning and progression of the periodontal disease (Figueredo et al., 2008). Therefore, the 

periodontal inflammation may not be resolved successfully due to the accumulation of IL-18. A previous study showed that 

levels of IL-18 in GCF increased in places where there was periodontitis, suggesting that this cytokine is associated to the 

severity of the periodontal disease (Orozco et al., 2006).  The same thing was verified in the previous study in which the IL-18 

had an extremely important role in gingival inflammation and a strong expression of IL-18 was found in gingival samples with 

the increase of the sulcus depth (Johnson & Serio, 2005). Therefore, in our study, we suggest that this combination of IL-

12/15/18 cytokines has the same function in the generation of NK cells. Furthermore, the activity of IL-18 often requires co-

stimulating factors to respond, such as IL-12 or IL-15, which is why we believe that IL-18 may have interfered in the results of 

patients with periodontal diseases.  

The levels of IL-12 and IL-15 increased after the implant. Regarding the IL-12 dosages, this cytokine increased after 

the implant, both for control volunteers and for volunteers with periodontal injuries. However, this result was not statistically 

significant. The IL-15 dosages, comparing the moments before and after implant, increased for both groups. However, it also 

trended towards a significant increase in the control group. There was also an increase in the concentration of cytokines IL-12 

and IL-15 when we compare the moment after the installation of the implant, comparing control volunteers and those who had 

injuries (gingivitis and/or periodontitis). The combination of IL-15 and IL-12 contributes for the production of IFN-γ, TNF-α, 

and GM-CSF by human NK cells (Carson et al., 1995). Additionally, the synergy between IL-12 and IL-15 is responsible for 

inducing the response of Th1 cells against infections by intracellular microorganisms (Yoshikai & Nishimura, 2000).  

Therefore, both IL-15 and IL-12, produced by activated human monocytes, had a critical role as cofactors in the production of 

IFN- γ by NK cells, which is important to activate monocytes and for the development of an effective innate immune response 

for infections, before the appearance of antigen-specific T cell responses (Carson & Caligiuri, 1998). As a result, we suggest 

that cytokines IL-12 and IL-15, which contribute for the production of IFN- γ, could be the key for the generation of NK cells, 
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which are important components of innate bacteria immunity, acting in the development of inflammations due to their quick 

response and to their intimate relation with the production of proinflammatory cytokines, leading to peri-implantitis. 

There was a significant increase in IL-15 in the group with periodontal injuries. These results corroborate the previous 

study, according to which the total amount of IL-15 in the GCF of the group with gingivitis was significantly higher when 

compared to the healthy controls (Buduneli et al., 2003). Since the IL-15 is a proteolytic proinflammatory cytokine, it is 

superexpressed in several inflammatory diseases such as gingivitis and peri-implantitis. The proinflammatory cytokine IL-15 is 

more present in tissue injuries and in the fluids of chronic inflammatory diseases (Conti, Youinou, & Theoharides, 2007).  

Furthermore, an in vitro study showed that IL-15 induced the expression of monocyte chemotactic protein-1 (MCP-1) by 

peripheral blood monocytes. The authors found that IL-15, produced in inflammation sites, may play an essential role in the 

regulation of blood leukocytes (Badolato et al., 1997).  Our findings suggest that IL-15, since it is a proinflammatory cytokine, 

may be pronounced in tissue injuries and in the fluids of chronic inflammatory diseases, justifying its superexpression in our 

studies in the groups with gingivitis and periodontitis.  

No statistically significant difference was found regarding the concentrations of IL-18, although the cytokine 

increased after the implant. The results corroborate another study which showed a gradual increase in the concentration of IL-

18 in the peri-implant crevicular fluid after 3 months of functioning (Hu et al., 2019). The IL-18 increased one year after the 

implant was placed, since it is a proinflammatory cytokine that can induce IFN-γ, GM-CSF, TNF-α, and IL-1 in 

immunocompetent cells, which can activate cell death by lymphocytes and regulate the expression of certain chemokine 

receptors (Nakanishi et al., 2001).   As a result, we believe that the increase in IL-18 one year after the implant was placed is 

associated to an intensified proinflammatory activity, indicating local inflammation, which suggests peri-implantitis. 

Although the levels of IL-32 were lower one year after the implant, this diminution was not significant, and it is 

known that human recombinant IL-32 induces the production of several proinflammatory cytokines and chemokines (Conti, 

Youinou, & Theoharides, 2007).  This cytokine is produced mainly by T lymphocytes, NK cells (Novick et al., 2006) and by 

dendritic cells, when stimulated by IL-15 (Gorvel et al., 2017).  Furthermore, IL-32 is secreted by several cells after the 

stimulation of certain inflammatory cytokines, such as IL-12, IL-1b, IFN-γ, IL-18 (Goda et al., 2006). IL-32 acts on 

macrophages/monocytes, stimulating the synthesis of TNF-α and IL-6, inducing the secretion of chemokines (IL-8, MIP-2). As 

mentioned above, although the IL-32 induces the production of several proinflammatory cytokines (Conti, Youinou, & 

Theoharides, 2007) and is important in the triggering and persistence of the inflammatory process (Kim et al., 2005), although 

in our study suggests that the suppression of IL-32 interfered with the results. In addition, no studies were found in literature 

that related IL-32 to peri-implantitis.   

Considering this, it is essential to trace an immune response profile that compares periodontal diseases and peri-

implantitis, since it is known that patients with periodontal diseases are more likely to develop peri-implant diseases (Sgolastra 

et al., 2013). 

This study had limitations, once we obtained a reduced number of samples, as it was not possible to collect samples 

from all patients one year after implants installation. This study evaluated the local immune responses of gingivitis, peri-

implantitis, and periodontitis in two moments: before and after the implant was placed. As a result, there was a prospective 

evaluation one year after the placement of the implant.   

 

5. Conclusion  

According to the results and methodology of this study, there was no difference in the synthesis of IL-12, IL-15, IL-

18, and IL-32 in healthy individuals or in those with periodontal injuries. However, there was an increase in the cytokines IL-

12, IL-15, and IL-18 one year after the implant was placed, which would be increasing the inflammatory activity in peri-
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implantitis. Since this was the first study to correlate the cytokines IL-12, IL-15, IL-18, and IL-32 before placement of an 

implant and one year after it, in the volunteers of a control group and in those with injuries (gingivitis and/or periodontitis), 

more studies would be necessary to better understand the immunological balance in gingivitis, periodontitis, and peri-

implantitis.  

In summation, local factors, functional implants, and the time since the installation of the implant must be considered 

for future studies, so that base cytokine levels in in the peri-implant crevicular fluid can be verified.  
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