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Genetic variations contribute to the susceptibility in the development of periodontitis. The aim of this study was to investigate the
influence of IL18, IL12, and MMP9 polymorphisms in the chronic periodontitis. This case-control study involved 381 individuals
matched by gender and age. Genotyping of IL18 (rs187238 and rs1946518) and IL12B (rs3212227) was performed by PCR-SSP and
PCR-RFLP was used for MMP9 (rs3918242). IL-18 and MMP-9 were quantified in the serum by ELISA. SNPStats and OpenEpi
software were used for statistical analysis and, in order to eliminate smoking as a confounding factor, the analyses were also
performed in nonsmoking subjects. The ILI8-137G/C genotype was associated with the risk of chronic periodontitis in
nonsmokers (P. = 0.03; OR = 1.99; overdominant inherence model). In the multivariate analyses, homozygous IL18-137G/G and
IL18-607C/C were more frequent in males compared to women with these same genotypes (OR=2.51 and OR=3.30,
respectively). The serum levels of the IL-18 in patients were higher than those in healthy controls (P = 0.005). IL12B and MMP9
polymorphisms and MMP-9 serum concentration were similar in patients and controls. In this study, IL18 was associated with
chronic periodontitis susceptibility. Men had greater risk than women for developing the disease when IL18 polymorphism was
considered and the susceptibility was independent of the smoking status.

1. Introduction

Chronic periodontitis (CP) is a complex and common oral
disease of microbial origin, characterized by inflammatory
responses that affect the supporting tissue of the tooth, result-
ing in the formation of a periodontal pocket and alveolar
bone resorption [1, 2]. Eventually, it leads to tooth loss in
adult humans impacting their quality of life [3]. Despite the
presence of bacteria, immune response is involved in the
pathogenesis of CP and genetic polymorphisms in the medi-
ators of immunity have been associated with the susceptibil-
ity and severity of periodontitis [4-6]. Among the immune

mediators, interleukins (ILs) and matrix metalloproteinases
(MMPs) are related to the development of inflammatory
response, remodeling of periodontal tissue and bone resorp-
tion [7].

IL-18 is a proinflammatory cytokine that stimulates the
migration of neutrophils, amplifies IFN-y secretion through
NK cells, and activates osteoclast [8]. Studies have indicated
that IL-18 induces the release of matrix metalloproteinase 9
(MMP-9) and IL-1p, both with proinflammatory activity,
resulting in tissue degradation [9]. The IL-18, belonging to
the IL-1 cytokine superfamily, is involved in a wide variety
of inflammatory diseases [10-12]. It is mainly produced by
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monocytes, active macrophages, and dendritic cells in
response to antigenic stimuli such as lipopolysaccharide of
Gram-negative bacteria [13].

The interleukin-12 (IL-12) is expressed through activated
macrophages and acts on T and NK cells [14]. This is an
immunoregulatory cytokine which affects the Thl response
contributing to the production of interferon gamma (IFN-y)
and tumor necrosis factor alpha (TNF-«) inducing bone and
cartilage resorption by osteoclasts. IL-12 also positively regu-
lates the expression of IL-18 functional receptor and syner-
gizes with IL-18 to improve the production of IFN-y and
IL-1B [15].

MMPs are a structural and functional family of proteo-
lytic enzymes responsible for the degradation of collagen
fibers and extracellular matrix components. These enzymes
are produced mainly by polymorphonuclear leukocytes, ker-
atinocytes, monocytes, fibroblasts, and mesenchymal cells.
MMPs may play an important role in tissue remodeling
and repair associated with the development of inflammatory
response [16].

The biological mechanisms involved in CP pathogenesis
mediated by IL-18, IL-12, and MMP-9 are described in
Figure 1.

Polymorphism in the IL12B, IL18, and MMP9 genes
could affect the transcriptional activity, the production of
proteins, and their serum and crevicular fluid levels in the
CP. Therefore, we hypothesize that there was an association
between the polymorphisms in the IL12B, IL18, and MMP9
regions and the development of periodontitis. Thus, the
aim of this study was to investigate the influence of IL18
(rs187238 and rs1946518), IL12B (rs3212227), and MMP9
(rs3918242) polymorphisms and the IL-18 and MMP-9
serum levels on the immunopathogenesis of CP in individ-
uals from the North/Northwest regions of the state of Parana,
Southern Brazil.

2. Material and Methods

2.1. Sample Selection. This case-control study was approved
by the Human Research and Ethics Committee of the State
University of Maringd (COPEP-UEM-number: 719/2011
and 1.866.509/2016). In total, 381 individuals were recruited
from the dental clinics of the State University of Maringa
(UEM) and Inga University Center (UNINGA) from January
2012 to August 2017. All individuals who agreed to partici-
pate in this research were informed about the nature of the
study and signed an informed consent form. Clinical param-
eters of probing depth (PD) and clinical attachment level
(CAL) were examined at four sites (mesial, buccal, distal,
and lingual) of each tooth, as well as bleeding on probing
(BOP), which were realized by the dentist responsible for
the clinic, based on the classification of the 1999 workshop
[1]. The participants were divided into two different groups:
(i) the chronic periodontitis group (CP) was composed by
individuals who had at least 5 sites in different teeth with
PD > 5mm, CAL > 3 mm, and more than 25% of BOP; and
(ii) the control group was formed by individuals who dis-
played a PD of less than 4mm and exhibited less than 25%
of BOP. CP patients were classified for their type of extension
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(localized and generalized) and degree of severity (light,
moderate, and severe). According to the classification of peri-
odontal diseases of 2017 [17], the patients in this study can be
included in the following categories: stages II, III, and IV
based on severity, complexity, extension, and distribution;
and grades B (moderate rate of progression) and C (rapid
rate of progression). All individuals were from the North
and Northwest regions of the state of Parand (22°29'30"
-26°42'59"S and 48°02'24"-54°37'38"W), Southern Brazil,
and were defined as mixed ethnicity with predominantly
European origin [18, 19]. Due to the great Brazilian misce-
genation, individuals were classified as previously described
by Probst et al. [18] who provided a better picture of Para-
nd’s ethnic constitution, and based on this criterion,
descendants of Asians were excluded from the sample.
The groups were matched by sex and age. The information
about smoking habits was obtained by interviewing the
individual (anamnesis).

The inclusion criteria had individuals aged between 30
and 65 years and dental arch with at least 20 teeth. For the
determination of serum concentrations for IL-18 and
MMP-9, patients and controls were not using antibiotic or
anti-inflammatory drugs. The noninclusion criteria included
individuals with aggressive periodontal disease, acute infec-
tion, diabetes, and rheumatic diseases and individuals who
had been treated for periodontitis in the last 6 months. The
characteristics of patients with CP and controls are shown
in Table 1.

2.2. Blood Collection and DNA Extraction. From each indi-
vidual, 10 ml of peripheral blood was collected in two tubes:
one tube without anticoagulant to measure the serum level
of cytokines and the other with EDTA for genotyping.
DNA was extracted from peripheral blood collected in
EDTA using the salting-out method [20]. The concentra-
tion and quality of the DNA were analyzed by optical den-
sity in Thermo Scientific Nanodrop 2000 apparatus®
(Wilmington, USA).

2.3. Genotyping of IL18. IL18-137G>C (rs187238) and
IL18-607A>C (rs1946518) genotyping was performed by
the PCR-SSP according to previous standardization [11].
The DNA concentration used was 50 to 100ng. For the
IL18-137 position, we used 0.5uM of a specific primer
sequence and a common reverse primer, 0.3 uM of control
primer, MgCl, 1.5mM, dNTPs 200 uM, and 1.0U of Tagq
DNA polymerase. For the IL18-607 position, we used
0.4 uM of a common reverse primer and 0.4 M of specific
forward primer sequences; in addition, we used 0.13 uM of
forward control primer, MgCl, 1.5mM, dNTPs 200 M,
and 1.0 U of Tag DNA polymerase. Amplification cycles were
used in a GeneAmp PCR System 9700 (Applied Biosys-
tems™) thermocycler. Amplification product analysis was
done on SYBR Safe stained agarose gel (Invitrogen®, Life
Technologies, Grand Island, NY).

2.4. Genotyping of ILI2B. ILI12+1188A>C (rs3212227)
genotyping was performed by PCR-SSP using specific
genotyping kits (Invitrogen®, Carlsbad, CA, USA) according
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FIGURE 1: Representation of the biological mechanisms of the cytokines and MMP-9 in the immunopathogenesis of CP. (a) The initial
trigger for the immune response is the recognition of components of periodontopathogens, as LPS, by TLRs (Toll-like receptor). This
recognition generates an intracellular signaling cascade leading to increased secretion of proinflammatory cytokines, MMPs, and
recruitment of osteoclasts by macrophages. (b) This innate immune mechanism of defense may not be sufficient to eliminate the
pathogen and with this the adaptive immune response is activated. APCs (antigen-presenting cells) internalize and process bacterial
antigens, which bind to MHC II and is transported to the cell surface to be recognized by specific T cell. The Thl immune response is
the main response activated. IL-18 is expressed by macrophages, osteoblasts, fibroblasts, and Kupffer cells, being the main cytokine
inducing IFN-y. This cytokine acts synergistically with IL-12 in NK cells to induce IFN-y production and activation of macrophages and
dendritic cells that direct the Thl response. TNF-a, IL-1f, and proinflammatory cytokines, such as IL-12 and IL-18, orchestrate
enzyme-producing events such as MMP-9 and recruitment of osteoclasts, macrophages, and NK cells, causing greater inflammation and

destruction of periodontal tissues.

to the manufacturer’s specifications. Visualization of frag-
ment size was performed on 3% agarose gel electrophoresis
stained with SYBR Safe DNA Gel Stain (Invitrogen®, Life
Technologies, Grand Island, NY).

2.5. Genotyping of MMP9. MMP9-1562C>T (rs3918242)
genotyping was performed using PCR-RFLP technique
according to Nelissen et al. [21]. For the reaction, 100 ng of
DNA, 5pmol of each primer forward and reverse, 200 yM
of each nucleotide, 25 mM MgCl, buffer (PCR Amplification
Buffer, Promega), and 0.5U of Taqg DNA polymerase were
used. Amplification cycles were performed on a GeneAmp
PCR System 9700 (Applied Biosystems ™) thermocycler.
The amplification products were digested with 5.0 U of the
Sphl enzyme (Fermentas® Life Science) for 3 hours at 37°C.

Analysis of the fragments was performed by electrophoresis
on a SYBR Safe stained agarose gel (Invitrogen® Life
Technologies, Grand Island, NY).

2.6. Determination of the IL-18 and MMP-9 Serum
Concentration. Eighteen nonsmoker patients and six non-
smoker controls were selected for IL-18 and MMP-9 serum
concentration assays. The CP patients were classified accord-
ing to disease extension form and on degree of severity (light,
moderate, and severe).

The IL-18 and MMP-9 serum concentration was deter-
mined using a Human IL-18 ELISA kit (Medical & Biological
Laboratories Co. Ltd., code no.7620 Ltd., Nagoya, Aichi,
Japan) and Invitrogen Human MMP-9 ELISA kit (Corpora-
tion Invitrogen, Catalog #KHC3061, Frederick, Maryland,
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TaBLE 1: Characteristics of patients with CP and controls.
CP patients Controls
N=192 N =189 P OR (95% CI)
n (%) n (%)
Gender
Female 96 (50) 116 (61)
Male 96 (50) 73 (39)
Age
Mean + sd (year) 47.5+9.1 46.3+84
Smoking
Smokers+ex-smokers 82 (43) 47 (25)
Nonsmokers 110 (57) 142 (75) 0.0002 2.25 (1.45-3.49)
Nonsmokers N=110 N =142
Gender
Female 57 (52) 98 (69)
Male 53 (48) 44 (31)
Age
Mean + sd (year) 47.8+9.2 46.5+8.2

n: number; sd: standard deviation; OR: odds ratio; P: P value—only significant P values are shown; CP: chronic periodontitis.

USA) in accordance with the manufacturer’s instructions.
Absorbance of each well was read on the ELISA reader (ASYS
HITECH GMBH-Eugendorf, Austria) using 450 nm and the
reference at 620 nm. Concentrations in the tested sample
were estimated using the standard curve. Reactions were
done in duplicate.

2.7. Statistical Analysis. To evaluate if the estimate geno-
type distribution between the observed and expected fre-
quencies is found in the Hardy-Weinberg equilibrium, the
SNPStats  (https://www.snpstats.net/start.htm) statistical
program [22] was used. The association between genetic
polymorphisms and chronic periodontal disease was assessed
using the chi-square test with Yates correction and logistic
regression, and the risk was assessed by odds ratio with a
95% confidence interval only for significant P value using
the SNPstats [22] and OpenEpi Version 2.3 program
(https://www.openepi.com/Menu/OE_Menu.htm). Covari-
ate analysis included age, gender, and smoking status.
The association tests were realized for codominant, domi-
nant, recessive, overdominant, and log-additive genetic
inheritance models where the best inheritance model was
defined by the minor Akaike information criteria (AIC)
[22]. To eliminate smoking as a confounding factor, the
analyses also were done in the nonsmoking patients versus
nonsmoking controls. The Bonferroni adjustment for mul-
tiple testing was applied and the corrected value (P.) for a
truly significant value was obtained after the multiplication
of the P value by the number of analyzed SNPs (three
SNPs, because of the linkage disequilibrium between
IL18-137 and IL18-607: A"=0.98, P<10'°). The values
for cytokine levels were expressed as mean+ SEM (stan-
dard error of mean), and for the differences between the
groups, the Student t-test was used (https://www.graphpad

.com/quickcalcs/ttest2/). The Mann-Whitney U test was
used to analyze the correlation between concentration and
genotype (https://www.socscistatistics.com/tests/). All tests
were performed at a significance level of 5.0%. Quanto
(http://biostats.usc.edu/software) was used to calculate the
sample size using the less frequent allele (0.14 for MMP9),
population risk (50% and OR=1.9), for statistical power
of 80%, and considering the codominant inheritance genetic
model.

3. Results

The allele and genotype frequency distributions of IL12B,
MMPY, and ILI8 in CP patients and controls are shown
in Table 2. The genotype frequency distributions for all
genes were consistent with the Hardy-Weinberg equilibrium
(P> 0.05).

For IL18-137, a higher frequency of the G/C genotype
was found in patients (50%) when compared to controls
(35%) in the nonsmoking group. When analyzing the models
of inheritance, significance was observed for codominant and
overdominant models, being the overdominant model of
choice according to the minor Akaike information criteria
(P.=0.03, OR=1.99, 95% CI=1.17-336) (Table 2). In
the analysis of interaction with the covariant gender,
IL18-137G/G and IL18-607C/C genotypes were higher in
nonsmoking men (P.=0.03, OR=2.51, 95% CI=1.19
-5.30 and P_=0.03, OR =3.30, 95% CI = 1.29-8.40, respec-
tively) when compared with nonsmoking women carrying
the same homozygous genotypes (Table 3).

The serum levels for IL-18 in CP patients were
higher (164.8 + 66.4 pg/ml) than those in healthy controls
(82.3+£43.3 pg/ml; P=0.005). IL-18 concentrations were
also higher in different extension forms of CP and in
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TaBLE 2: Genotype and allele frequency distributions of the IL12, IL18 and MMP9 in the CP and nonsmoking CP patients compared to their
respective controls.

All subjects Nonsmokers
CP patients Controls CP patients Controls
n (%) n (%) n (%) n (%) P P, OR (95% CI) AIC
IL18
137G>C N=191 N =185 N =109 N =138
(rs187238) G/G 91 (48) 97 (52) 48 (44) 75 (54)
Genotype G/C* 85 (44) 70 (38) 54 (50) 48 (35)
CIC 15 (8) 18 (10) 7 (6) 15 (11)
G/G+C/C* 106 (56) 115 (62) 55 (50)" 90 (65)"  ref
G/C* 85 (44) 70 (38) 54 (50)* 48 (35)* 0.01 0.03 1.99 (1.17-3.36) 330.7
Allele G 267 (70) 264 (71) 150 (69) 198 (72)
C 115 (30) 106 (29) 68 (31) 78 (28)
IL18
607A>C N =192 N =187 N=110 N =140
(rs1946518) A/A 43 (22) 35 (19) 29 (26) 27 (19)
Genotype A/C 93 (49) 82 (44) 50 (46) 61 (44)
CIC 56 (29) 70 (37) 31 (28) 52 (37)
Allele A 179 (47) 152 (41) 108 (49) 115 (41)
C 205 (53) 222 (59) 112 (51) 165 (59)
IL12B
1188A>C N =128 N=131 N=78 N=114
(rs3212227) A/A 63 (49) 66 (51) 40 (51) 59 (52)
Genotype A/C 49 (38) 53 (40) 27 (35) 46 (40)
C/IC 16 (12) 12 (9) 11 (14) 9(8)
Allele A 175 (68) 185 (71) 107 (69) 164 (72)
C 81 (32) 77 (29) 49 (31) 64 (28)
MMP9
1562C>T N =188 N =185 N =101 N =142
(rs3918242) C/C 150 (80) 142 (77) 78 (77) 111 (78)
Genotype C/IT 37 (20) 40 (21) 23 (23) 29 (20)
/T 1(1) 3(2) 0 (0) 2(2)
Allele C 337 (90) 324 (88) 179 (89) 251 (88)
T 39 (10) 46 (12) 23 (11) 33 (12)

n: number; ref: reference; OR: odds ratio; P: P value; CP: chronic periodontitis; AIC: Akaike information criteria. *IL18-137G/C genotype: CP patient vs. control
in the nonsmoking group.

TasBLE 3: IL18 genotype frequency distributions between nonsmoker CP and controls considering the interaction analysis with the covariant
gender.

CP patients Controls

o %) p P. OR (95% CI)
IL18-137G/G (rs187238)

Female 22 (48) 51 (68) ref

Male 26 (52) 24 (32) 0.01 0.03 2.51 (1.19-5.30)
IL18-607C/C (rs1946518)

Female 14 (45) 38 (73) ref

Male 17 (55) 14 (27) 0.01 0.03 3.30 (1.29-8.40)

n: number; ref: reference; P: P value; OR: odds ratio; CI: confidence interval; CP: chronic periodontitis.
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FIGURE 2: IL-18 serum levels in nonsmoking CP patients (N = 18) and controls (N = 6). Comparisons were done between the control group
and overall patients, CP extension (localized and generalized), and degree of disease severity (light, moderate, and severe); between CP
extension (localized x generalized) and light degree x moderate and severe degree. The results are shown as mean + SEM. Student’s ¢-test

was used; P < 0.05 was considered significant.

diverse degrees of severity of the disease than those
in the controls (Figure 2). The ILI8-137G/C+G/G and
IL18-607A/C+C/C genotypes were related to good cytokine
production (P=0.012, Z-score=2.50, Uvalue=10 for
critical =17 and P=0.011, Z-score =2.53, Uvalue=38 for
critical = 14, respectively).

After analyzing the ILI2B and MMP9 polymorphisms,
no significant differences in the allele and genotype frequency
distributions were observed between CP patients and con-
trols (total sample and nonsmokers). There were no signifi-
cant differences for the serum levels of MMP-9 between the
control group and the several extension forms and severity
of CP patients.

4. Discussion

In order to evaluate a possible influence of IL18, IL12, and
MMP9 polymorphisms and IL-18 and MMP-9 serum levels
in the immunopathogenesis of the CP, a careful selection of
patients and controls was performed in this study. Subjects
were matched according to age and gender, and all individ-
uals did not exhibit disease-related disorders, which may
influence the course of the disease, such as diabetes, arthri-
tis, and other inflammatory disorders [23-25]. Smoking
habits are a risk factor for CP [26, 27]; thus, analyses were
also separately done in nonsmoking patients versus non-
smoking controls.
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The best results were that IL18 contributes to the risk for
disease independently of the smoking habits and that men
had a greater risk than women when these ILI18 polymor-
phisms were considered. The serum levels of IL-18 were
higher in CP patients than in the controls and in patients
with more severe and extensive form of the disease.

In this study, the IL18-137G/C genotype was found more
frequent in the nonsmoking patients and was associated with
the risk of CP development. The choice inheritance model
was the overdominant that compared the heterozygous geno-
type versus both homozygous genotypes. This association
was observed in nonsmoking individuals and highlights the
independency of this confounding factor. The risk was also
observed in men carrying the ILI8-137G/G and the
IL18-607C/C genotypes when compared with these same
genotypes in women. Up to this point, men were considered
more susceptive to CP due to the hormonal factors [28] and
mainly the personal hygiene habits [29]; however, here it was
observed that they had a genotype related to better IL-18
cytokine production which could exacerbate periodontal
destruction. IL18-137G and ILI18-607C alleles have been
involved in the development of different diseases. The allele
IL18-607C has been linked to hepatitis C susceptibility [30]
and chronic obstructive pulmonary disease [31], and the
genotype C/C has been associated with higher IL-18 produc-
tion in multiple sclerosis [32]; IL18-137G was associated with
the risk of arthritis [10] and IL18-137G/C genotype with oral
cancer [12]. More specifically with regard to CP, Li et al. [33]
showed in a meta-analysis study, involving nine case-control
studies and a total of 576 patients with periodontitis and 458
healthy controls, that the IL18-607C and IL18-137G alleles
were associated with an increased risk of periodontitis. We
found no allelic association in our study, possibly due to
the small sample of patients.

When the IL-18 serum levels were measured, the IL-18
concentration was statistically significantly higher in CP
than in controls and highest concentration was found in
the generalized form of the disease. High levels of IL-18
in the serum of the patients with chronic periodontitis
were previously documented [33, 34]. Previously study
found that IL18-137G and IL18-607C alleles, located on
chromosome 11q22, increase the gene transcription and
lead to a higher level of IL-18 protein synthesis [32]. We
found that IL18-137G/C+G/G and ILI8-607A/C+C/C
genotypes were related to good cytokine production. These
facts point to a potential functional role of these variants
and their influence on cytokine levels of periodontal tissue
and plasma in patients.

In vivo, when using IL-18 transgenic (Tg) mice, IL-18
overexpression was related to periodontal disease [35]. When
IL-18Tg and wild-type mice were inoculated intraorally with
Porphyromonas gingivalis, after seventy days of infection,
there was periodontal bone loss in IL-18Tg mice but not in
wild-type. RT-PCR analysis showed elevated expressions of
mRNAs for the receptor activator of nuclear factor kappa-B
ligand (a key stimulator for the development and activation
of osteoclast) and CD40 ligand (a marker of T cell activation)
in the gingiva of IL-18Tg-infected mice [35]. Considering
this fact as well as the polymorphisms in IL-18 promoter

regions and the increased levels of IL-18 in the plasma of
CP patients, which we observed in our and other studies,
IL18 polymorphisms and serum concentration may be useful
biomarkers for predicting the development of periodontitis.

IL-18 is the major inducer of IFN-y and acts synergisti-
cally with IL-12 on NK cells. IL-18 induces the production
of IFN-y that activates macrophages, dendritic cells, and
Th1 cells directing immune response to the cellular response.
Activated macrophages are a potent cell producing TNF-«
and other chemical mediators, such prostaglandins-E2,
which induce bone and cartilage resorption by activation of
the osteoclasts. When in the absence of IL-12, IL-18 induces
the immune response of Th2 [36] that could deregulate the
specific immune response. This biological mechanism may
be responsible for initiation and progression of periodontal
tissue destruction, by inducing the genesis of osteoclast and
increase secretion of matrix metalloproteinases.

In this studied population, IL12 and MMP9 polymor-
phisms and MMP-9 serum levels were not associated with
CP. With regard to IL-12, several studies related the highest
level of IL-12 in serum, gingival tissue, and crevicular fluid
in periodontal disease [15, 34, 37]. Other investigations
including IL-12 determination of serum and crevicular fluid
should be done for best conclusions regarding the association
of these mediators with CP. As for MMP9 polymorphism,
specifically MMP9-1562C>T, a meta-analysis published in
2016 related a reduced risk between the T allele and peri-
odontal disease susceptibility in both Caucasian and Asian
populations [38]. Different from our results, Silosi et al.
[39] showed that MMP-9 levels in the serum and in the gin-
gival crevicular fluid were significantly higher in CP patients
when compared to controls.

The present study had some limitations, such as the non-
pairing of the number of individuals in the three studied
genes and their polymorphisms. This occurred due to the
lack of some samples in the course of the study. The serum
level of IL-12 was also not determined.

5. Conclusion

IL-18 may confer susceptibility to CP independently of
smoking habits and ILI2B and MMP9 polymorphisms.
Men had a greater risk than women for developing the disease
when ILI8 polymorphism was considered. IL18-137G>C
(rs187238) and ILI18-607A>C (rs1946518) polymorphisms
might influence cytokine levels in the plasma of CP patients.
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