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Abstract: Background: Periodontitis (PD) is a chronic inflammatory disease that can eventually lead
to tooth loss. Genetic and environmental factors such as smoking are involved in the pathogenesis of
PD. The development of PD is potentiated by various pathogens that induce an immune response
leading to the production of cytokines, such as interleukin (IL)-17. The synthesis of IL-17 is influenced
genetically. The polymorphisms in IL-17 gene may affect the synthesis of IL-17. The aim of this study
was to examine the association between the IL-17F rs763780 and IL-17A rs2275913 polymorphisms
and PD in non-smoking and smoking patients to check if these polymorphisms could be a risk factor
for PD. Methods: The study enrolled 200 patients with PD (130 non-smokers and 70 smokers) and
160 control subjects (126 non-smokers and 34 smokers). Periodontitis was diagnosed on the basis of
2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions.
All samples were genotyped using allelic discrimination assays with TaqMan® probes on a Real-Time
PCR Detection System. Results: There were no statistically significant differences in the distribution
of the IL-17F rs763780 and IL-17A rs2275913 genotypes and alleles between patients with PD and
control subjects, between smoking patients with PD and smoking control subjects, and between
non-smoking patients with PD and non-smoking control subjects. Conclusions: The results of this
study suggest a lack of statistically significant associations between IL-17F rs763780 and IL-17A
rs2275913 polymorphisms and PD in Polish population.

Keywords: IL-17; gene; polymorphism; periodontitis

1. Introduction

Periodontitis (PD) is characterized by inflammation and infiltration of inflammatory
cells in periodontal tissue and continues to be a major public health problem [1]. Previous
studies have shown that PD is associated with other diseases such as coronary artery
disease, rheumatoid arthritis and diabetes, therefore early diagnosis and treatment of this
disease is so important [2]. The pathogenesis of PD is multifactorial. This disease is related
to bacterial infections that induce an immune response [3,4]. Susceptibility to PD may be
caused by genetic factors as well as environmental factors, such as smoking and poor oral
hygiene [1]. In periodontal tissue, various factors induce an immune response leading
to the production of inflammatory mediators, including proinflammatory cytokines, and
subsequently to tissue destruction [5–8]. Tobacco smoking is a very important risk factor
for PD development. Smoking has been shown to affect the inflammatory response and
synthesis of cytokines involved in inflammation in PD [9–15].
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Interleukin (IL)-17 is a proinflammatory cytokine involved in the pathogenesis of
PD and other inflammatory diseases [16]. This cytokine is produced by CD + T helper,
hematopoietic cells, Th17 cells and neutrophils and consists of a family of cytokines from
IL-17A to IL-17F. The IL-17 family plays a significant role in host defence against bac-
teria [17–19]. IL-17, with tumour necrosis factor-α and IL-1β, induces the synthesis of
pro-inflammatory mediators in fibroblasts and keratinocytes leading to tissue inflamma-
tion [20–22].

The interplay between environmental and genetic factors induces the development
of PD [1]. Previous studies indicated that the production of cytokines is genetically deter-
mined [23–25]. Due to the genetic polymorphisms of cytokine genes, individuals can be
divided into 3 groups—dominative homozygotes producing increased amounts of cytokine,
recessive homozygotes producing decreased amounts of cytokine, and heterozygotes pro-
ducing intermediate amounts of cytokine. These inter-individual differences in cytokine
production may influence the immune response to bacterial infection in periodontal tissues.

Genes encoding IL-17A and IL-17F are located on chromosome 6 (6p12) [17]. In IL-17
genes functional polymorphisms (IL-17F rs763780 and IL-17A rs2275913) that alter mRNA
and protein expression has been found [26]. Polymorphisms of these genes were studied
in various diseases with an immune background. These polymorphisms were associated
with susceptibility to several diseases, including psoriasis, ulcerative colitis, rheumatoid
arthritis, atopic asthma, immune thrombocytopenia [26–31]. Factors predisposing to PD,
including cytokine gene polymorphisms, are currently being sought [32–35]. Cytokine gene
polymorphisms were studied in various populations as the risk factors for PD in smoking
and non-smoking patients [23]. Unfortunately, the results of studies are inconsistent. In
this study, we examined the polymorphisms of IL-17F rs763780 and IL-17A rs2275913 in
PD patients to see if they could be a risk factor for the development of this disease in
Polish population.

2. Material and methods
2.1. Study Subjects

The patients from the West Pomeranian region of Poland, who came in years 2017–
2019 to the Department of Periodontology with periodontitis had a medical interview and
also a clinical and periodontal examination. Periodontitis was diagnosed on the basis of
the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases
and Conditions [36].

This study included 360 Caucasian subjects: 200 patients with chronic periodontitis
(84 men, 116 women, aged 26–69 years, mean 50.47 ± 9.09, 130 were non-smokers and 70
were smokers) and 160 healthy subjects without periodontal disease as a control group
(61 men, 99 women, aged 25–69 years, mean 42.97 ± 11.22, 126 were non-smokers and 34
were smokers).

Autoimmune diseases and diseases such as hepatitis, AIDS, diabetes or uncontrolled
hypertension excluded patients from the study. Also the patients who used systemic antimi-
crobial agents, chronic anti-inflammatory medication, immunosuppressive medications
and antibiotic within the past 6 months were excluded. All patients were otherwise healthy
and had not been subjected to periodontal treatment before the study.

The subjects were categorized into four subgroups: with and without periodontitis,
according to the presence of smoking addiction (patients with periodontitis additionally
smoking, patients with periodontitis with no smoking addiction, patient with healthy
periodontium with or without smoking addiction). Smokers included people who had
been continuously smoking at least 10 cigarettes a day for at least 5 years.

The study was approved by the ethics committee at Pomeranian Medical University,
Szczecin (number BN-001/93/08), Poland. All participants gave informed written consent
to participate in the study.
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2.2. Periodontal Examination

Clinical attachment loss (CAL) and probing pocket depth (PPD) were performed in
each patient at six sites per tooth using a periodontal probe marked every 1 mm (Hu-Friedy
Mfg Co Inc, Chicago, IL, USA). Pressure of approximately 20 g was applied for probing.
In addition, approximal plaque index (API) and modified sulcus bleeding index (mSBI)
were calculated. Clinical measurements were performed by a periodontist specialist in
each patient qualified for the study in the same conditions in a dental clinic—based on
periodontal examination using the same instruments (periodontal probe calibrated every
1 mm, Nabers probe, periotest) and radiological examination (orthopantomogram).

Periodontitis was detected as clinical attachment loss with a standardized periodontal
probe with reference to the cemento-enamel junction. Patients were diagnosed with
periodontitis if interdental CAL ≥ 2 was detectable at ≥2 non-adjacent teeth or buccal or
oral CAL ≥ 3 mm and pockets > 3 mm were detectable at ≥2 teeth and the observed CAL
couldn’t be attributed to non-periodontal causes. Radiographic bone loss had to be at least
15%. Extent and distribution of periodontitis was described as generalized when more
than 30% of teeth were involved.

2.3. Genotyping

All samples were genotyped in duplicate using allelic discrimination assays with
TaqMan® probes (Applied Biosystems, Carlsbad, CA, USA) on a 7500Fast Real-Time PCR
Detection System (Applied Biosystems, Carlsbad, CA, USA).

2.4. Statistical Analysis

The consistency of the genotype distribution with Hardy–Weinberg equilibrium
(HWE) was assessed with Fisher’s exact test. Chi-square and Fisher’s exact tests were used
to compare genotype and allele distributions between groups. A p-value of < 0.05 was
considered to indicate a statistically significant result. The study sample size was sufficient
to detect with 80% probability the true effect size for comparison of allele frequencies
between whole groups of PD patients and controls measured as odds ratio (OR) equal
to 0.64 or 1.53 for rs2275913 and 0.18 or 2.51 for rs763780. The corresponding minimal
detectable effect sizes (OR values) for subgroups of subjects stratified according to smoking
status were: 0.59 or 1.65 for rs2275913 and 0.09 or 2.79 for rs763780 in non-smokers, and
0.37 or 2.33 for rs2275913 and 5.89 for rs763780 in smokers.

3. Results

The clinical periodontal parameters in the studied groups are shown in Table 1. We
observed significantly increased values of approximal plaque index, sulcus bleeding index,
probing pocket depth and clinical attachment loss in patients with periodontitis.

The distribution of the IL-17F rs763780 and IL-17A rs2275913 genotypes among smok-
ing and non-smoking patients with PD as well as smoking and non-smoking control
subjects was in HWE and is shown in Table 2. The distribution of IL-17F rs763780 and
IL-17A rs2275913 genotypes and alleles did not differ between patients with periodontitis
and controls.

The frequency of IL-17F (rs763780) T and C alleles in total group of PD patients was
97.50% and 2.50% respectively and did not differ statistically significant from the control
group (96.25% and 3.75%), OR—0.66, 95%CI—0.28–1.54, p = 0.39, (Figure 1).

The frequency of IL-17A (rs2275913) G and A alleles in total group of PD patients was
61.68% and 38.32% respectively and did not differ statistically significant from the control
group (62.26% and 37.74%), OR—1.03, 95%CI—0.76–1.39, p = 0.88, (Figure 1).
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Table 1. The clinical periodontal parameters of studied subjects.

Parameter Controls Periodontitis
Patients

p-Value
(Control vs.

Periodontitis)

Controls
(Smokers)

Periodontitis
Patients

(Smokers)

p-Value
(Smokers:
Control vs.

Periodontitis)

Controls
(Non-Smokers)

Periodontitis
Patients

(Non-Smokers)

p-Value
(Non-Smokers:

Control vs.
Periodontitis)

SEX
55/105 84/116 0.16 # 12/22 30/40 0.53 # 43/83 54/76 0.25 #

(M/F)

AGE
45.28 ± 10.15 49.85 ± 8.71 p < 0.0001 * 44.18 ± 10.21 48.94 ± 8.89 p = 0.0036 * 45.58 ± 10.15 50.33 ± 8.61 p < 0.0001 *

(mean years ± SD)

API %
35.81 ± 20.66 72.98 ± 21.03 p < 0.0001 * 48.29 ± 25.35 83.03 ± 17.45 p < 0.0001 * 32.44 ± 17.88 68.42 ± 19.50 p < 0.0001 *

(mean ± SD)

SBI %
6.53 ± 11.29 57.66 ± 25.45 p < 0.0001 * 6.56 ± 10.09 46.83 ± 25.27 p < 0.0001 * 6.52 ± 11.63 63.96 ± 22.93 p < 0.0001 *

(mean ± SD)

PPD mm
1.63 ± 0.34 4.36 ± 1.19 p < 0.0001 * 1.74 ± 0.29 4.74 ± 1.17 p < 0.0001 * 1.60 ± 0.35 4.15 ± 1.16 p < 0.0001 *

(mean ± SD)

CAL mm
0.41 ± 0.92 5.06 ± 1.55 p < 0.0001 * 0.54 ± 0.96 5.30 ± 1.73 p < 0.0001 * 0.37 ± 0.91 4.93 ± 1.43 p < 0.0001 *

(mean ± SD)

API—approximal plaque index, SBI—sulcus bleeding index, PPD—probing pocket depth, CAL—clinical attachment loss, * Mann-Whitney U test, # Fisher’s exact test (2-sided p-value).
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Since smoking can affect cytokine synthesis we also compared the distribution of
studied polymorphisms between smoking patients with PD and smoking control subjects,
and between non-smoking patients with PD and non-smoking control subjects. As shown
in Tables 3 and 4 these differences were not statistically significant.

The frequency of the IL-17F (rs763780) T and C alleles was 98.08% and 1.92%, respec-
tively in non-smoking patients with PD, while in the non-smoking control group it was
96.03% and 3.97% respectively (OR—0.48, 95%CI—0.16–1.41). In non-smoking patients
with PD, the frequency of the IL-17A (rs2275913) G and A alleles was 57.42% and 42.58%, re-
spectively, while in the non-smoking control group it was 60.80% and 39.20%, respectively
(OR—1.15, 95%CI—0.81–1.64), (Figure 2).

The frequency of the IL-17F (rs763780) T and C alleles in smoking patients with PD
was 96.43% and 3.57%, respectively, while in the smoking control group it was 97.06% and
2.94%, respectively (OR—1.22, 95%CI—0.23–6.47). The frequency of IL-17A (rs2275913)
G and A alleles in smoking PD patients was 69.57% and 30.43% respectively and did not
differ significantly from the control group (67.65% and 32.35% respectively, OR—0.92,
95%CI—0.49–1.71), (Figure 3).

Table 2. The distribution of IL-17F rs763780 and IL-17A rs2275913 genotypes in periodontitis patients and control group.

Genotype/Allele PD Patients Control Group
p a

Compared
Genotypes/

Alleles p b OR (95%CI)

n % n %

IL-17F rs763780
genotype

TT 190 95.00% 148 92.50%
0.38TC 10 5.00% 12 7.50% TC vs. TT 0.38 0.65

(0.27–1.54)
CC 0 0.00% 0 0.00%

IL-17F rs763780
Allele

T 390 97.50% 308 96.25%

C 10 2.50% 12 3.75% C vs. T 0.39 0.66
(0.28–1.54)

IL-17A rs2275913
genotype

GG 81 41.12% 64 40.25%
0.82

AA + GA vs. GG 0.91 0.97
(0.63–1.48)

GA 81 41.12% 70 44.03% AA vs. GA + GG 0.67 1.16
(0.66–2.03)

AA 35 17.76% 25 15.72% AA vs. GG 0.76 1.11
(0.60–2.03)

GA vs. GG 0.73 0.91
(0.58–1.45)

AA vs. GA 0.65 1.21
(0.66–2.22)

IL-17A rs2275913
Allele

G 243 61.68% 198 62.26%

A 151 38.32% 120 37.74% A vs. G 0.88 1.03
(0.76–1.39)

a χ2 test for IL-17A rs2275913 and Fisher’s exact test for IL-17F rs763780, b Fisher’s exact test, IL-17F rs763780, HWE: PD patients p = 1.0,
control group p = 1.0, IL-17A rs2275913, HWE: PD patients p = 0.07, control group p = 0.50.
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Table 3. The distribution of IL-17F rs763780 and IL-17A rs2275913 genotypes in periodontitis patients and control group in
non-smokers group.

Genotype/Allele PD Patients Control Group
p a

Compared
Genotypes/

Alleles p b OR (95%CI)

(Non-Smokers) (Non-Smokers)

n % n %

IL-17F rs763780
genotype

TT 125 96.15% 116 92.06%
0.19TC 5 3.85% 10 7.94% TC vs. TT 0.19 0.46

(0.15–1.40)
CC 0 0.00% 0 0.00%

IL-17F rs763780
Allele

T 255 98.08% 242 96.03%

C 5 1.92% 10 3.97% C vs. T 0.20 0.48
(0.16–1.41)

IL-17A rs2275913
genotype

GG 44 34.38% 48 38.40%
0.75

AA + GA vs. GG 0.52 1.19
(0.71–1.99)

GA 59 46.09% 56 44.80% AA vs. GA + GG 0.63 1.20
(0.63–2.28)

AA 25 19.53% 21 16.80% AA vs. GG 0.59 1.30
(0.64–2.64)

GA vs. GG 0.68 1.15
(0.66–1.99)

AA vs. GA 0.86 1.13
(0.57–2.24)

IL-17A rs2275913
Allele

G 147 57.42% 152 60.80%

A 109 42.58% 98 39.20% A vs. G 0.47 1.15
(0.81–1.64)

a χ2 test for IL-17A rs2275913 and Fisher’s exact test for IL-17F rs763780, b Fisher exact test, IL-17F rs763780, HWE: PD patients p = 1.0,
control group p = 1.0, IL-17A rs2275913, HWE: PD patients p = 0.59, control group p = 0.57.

Table 4. The distribution of IL-17F rs763780 and IL-17A rs2275913 genotypes in periodontitis patients and control group in
smokers group.

Genotype/Allele PD Patients Control Group
p a

Compared
Genotypes/

Alleles p b OR (95%CI)

(Smokers) (Smokers)

n % n %

IL-17F rs763780
genotype

TT 65 92.86% 32 94.12%
1.00TC 5 7.14% 2 5.88% TC vs. TT 1.00 1.23

(0.23–6.69)
CC 0 0.00% 0 0.00%

IL-17F rs763780
Allele

T 135 96.43% 66 97.06%

C 5 3.57% 2 2.94% C vs. T 1.00 1.22
(0.23–6.47)
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Table 4. Cont.

Genotype/Allele PD Patients Control Group
p a

Compared
Genotypes/

Alleles p b OR (95%CI)

(Smokers) (Smokers)

n % n %

IL-17A rs2275913
genotype

GG 37 53.62% 16 47.06%
0.65

AA + GA vs. GG 0.68 0.77
(0.34–1.75)

GA 22 31.89% 14 41.18% AA vs. GA + GG 1.00 1.27
(0.37–4.39)

AA 10 14.49% 4 11.76% AA vs. GG 1.00 1.08
(0.30–3.96)

GA vs. GG 0.49 0.68
(0.28–1.66)

AA vs. GA 0.74 1.59
(0.42–6.07)

IL-17A rs2275913
Allele

G 96 69.57% 46 67.65%

A 42 30.43% 22 32.35% A vs. G 0.87 0.92
(0.49–1.71)

a χ2 test for IL-17A rs2275913 and Fisher’s exact test for IL-17F rs763780, b Fisher exact test, IL-17F rs763780, HWE: PD patients p = 1.0,
control group p = 1.0, IL-17A rs2275913, HWE: PD patients p = 0.05, control group p = 0.71.
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4. Discussion

In this study, we examined the relationship between the IL-17F rs763780 and IL-
17A rs2275913 polymorphisms and PD to verify if these polymorphisms could be the
risk factors for PD development. This analysis was performed separately in smoking
and non-smoking patients and the control subjects. Tobacco smoking is one of the most
important environmental risk factors for PD. Smoking may affect the host immune response
to bacterial infections as well as the synthesis of proinflammatory mediators including
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cytokines [9–15]. Our results suggest a lack of statistically significant associations between
these polymorphisms and PD both in smoking and non-smoking patients. In non-smoking
PD patients we observed decreased frequency of IL-17F (rs763780) C allele (OR—0.48) and
increased frequency of IL-17A (rs2275913) A allele (OR—1.15). In the group of smoking
patients, the results were opposite. We observed increased frequency of IL-17F (rs763780) C
allele (OR—1.22) and decreased frequency of IL-17A (rs2275913) A allele (OR—0.92). These
results suggest that the effect of IL-17 gene polymorphisms on PD risk may depend on
smoking status. The pathogenesis of PD is very complex and involves interplay between
genetic and environmental factors. It is likely that smoking may significantly alter the
genetically determined synthesis of cytokines and the inflammatory response to bacterial
infections in the periodontal tissues.

IL-17 is a cytokine with a multi-directional action. It is involved in maintaining of
barrier integrity in periodontal tissue and defence against pathogens. IL-17 induces the
synthesis of antimicrobial mediators. On the other hand, these mediators enhance the
inflammatory status in periodontal tissue and induce the development of periodontitis.
Previous studies indicated the role of IL-17 in pathogenesis of PD. The studies have
shown both increased and decreased expression of IL-17 in periodontal tissue in PD
patients [37–42].

Several studies have investigated IL-17 gene polymorphisms in patients with PD and
the results are inconsistent. Saraiva et al. suggested that the IL-17A (rs2275913) A allele
is associated with the lower frequency of PD in the Brazilian population [34]. Corrêa
et al. [43] showed that the IL-17A (rs2275913) A allele is associated with an increased risk of
chronic PD. In addition, the IL-17A (rs2275913) A allele was correlated with worse clinical
parameters, higher myeloperoxidase activity, and increased expression of inflammatory
mediators, compared with the other genotypes. Zacarias et al. [44] examined the association
between IL-17A rs2275913 and IL-17F rs763780 polymorphisms and PD in the Brazilian
population. These authors showed that the IL-17A (rs2275913) AA genotype and the
A allele were associated with increased susceptibility to chronic PD. In another study,
Chaudhari et al. [45] indicated that the IL-17A gene rs227591 polymorphism was associated
with chronic and aggressive PD in the Indian population. The study by Jain et al. [46] did
not confirm the association between the IL-17F gene rs763780 polymorphism and PD in
the Indian population. Borilova et al. [47] examined the association between the IL-17F
rs763780 and IL-17A rs2275913 polymorphisms and PD in patients with type 1 diabetes.
The IL-17A (rs2275913) A allele was associated with an increased production of IL-17 by
mononuclear cells of patients with PD. In a meta-analysis, da Silva et al. assessed the
association between IL-17F rs763780 and IL-17A rs2275913 polymorphisms and the risk of
chronic and aggressive PD [48]. This meta-analysis showed a lack of statistically significant
associations between these polymorphisms and the risk of chronic and aggressive PD.

The observed differences between above studies may be due to ethnic differences,
different forms and stages of PD as well as smoking status of patients. We have not
indicated statistically significant associations between IL-17 gene polymorphisms and the
risk of PD. Our study is limited by the number of subjects. It is likely that these relationships
could reach statistical significance in a larger cohort of patients. Our results suggest that
the association between IL-17 gene polymorphisms and PD may depend on smoking
status. The interaction between genetic and environmental factors leads to inflammation
in periodontal tissue. Smoking may affect the neutrophil activity, cytokine synthesis and
inflammatory status [9–15]. Cytokine gene polymorphisms also may influence the cytokine
production in response to bacterial infections and may be the risk factors for PD. However,
it depends on the influence of many environmental factors, such as smoking.

5. Conclusions

The results of this study suggest a lack of statistically significant associations between
IL-17F rs763780 and IL-17A rs2275913 polymorphisms and PD in a Polish population. This
association may depend on the smoking status of patients.
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