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Grade C periodontitis in youngers is characterized by a severe 
form of periodontitis, and IL10 rs6667202 single nucleotide 
polymorphism (SNP) has been described as an important 
feature in this disease etiology. Aim: This study aimed to 
evaluate, in vivo, the functionality of IL10 rs6667202 SNP on 
IL-10 gingival fluid levels. Methods: Thirty patients with Perio4C 
were selected, 15 with the IL10 AA genotype (rs6667202) and 
15 with AC/CC genotypes. The gingival fluid was collected 
from two sites with probing depth ≥ 7 mm and bleeding on 
probing, and two healthy sites. The IL-10 concentration was 
determined by Luminex/MAGpix platform. Results: In deep 
pockets, the IL10 AA genotype presented a lower concentration 
of IL-10 when compared with AC or CC genotypes (p<0.05). 
In shallow pockets, no difference between groups was seen 
(p>0.05). Conclusion: IL10 rs6667202 SNP decreases the 
production of IL-10 in crevicular fluid, potentially affecting this 
disease progression.
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Introduction

Periodontitis is an inflammatory disease of multifactorial etiology, triggered by the 
host’s immune-inflammatory response to periodontopathogens present in the biofilm. 
It is clinically characterized by bone destruction and loss of conjunctive insertion, and 
if untreated, lead to tooth loss1. Periodontitis Stage 3 or 4, Grade C (Perio4C), previ-
ously named aggressive periodontitis2,3, is a severe form of periodontitis, affecting 
young systemically healthy individuals4. As additional characteristics, it presents a 
rapid rate of progression, familial aggregation of cases, and poor response to tra-
ditional therapeutic approaches4-8, leading to difficulties in the clinical management 
and early edentulism9. These patients’ host response presents a hyperinflammatory 
profile, with an imbalance between the release of pro and anti-inflammatory cytokines 
after the activation of inflammatory cells by periodontopathogens10-12.

The host’s immune-inflammatory response is influenced by genetic factors, which 
determine different susceptibility profiles to the diseases’ development. The different 
allelic variants, such as the presence of a single nucleotide polymorphism (SNP), may 
predispose the development of periodontitis by impacting the structure, function, or 
production of proteins13-15.

Previous studies demonstrated an association between the IL10 rs6667202 SNP 
(C>A) located in the IL10 gene and the Perio4C in a Brazilian and a pooled Ger-
man-Austrian sample16-17. The ancestral C allele was detected in a lower frequency 
in Perio4C patients when compared to individuals with periodontal health and 
chronic periodontitis, making it a potential protector against the occurrence of this 
disease16-17. This protective character could be explained by Interleukin-10 (IL-10) 
action, once this cytokine presents regulatory and anti-inflammatory properties, 
reducing the expression of pro-inflammatory cytokines such as interleukin 1β 
(IL-1β) and tumor necrosis factor α (TNF-α). Given its function, its greater or lesser 
expression is capable of modulating disease severity18-19. However, up to date, none 
functional analysis has been done.

Since rs6667202 SNP is in the upstream genic region of the IL10 gene (1.3 kb region), a 
regulatory region, it can be speculated that it may impact the expression of IL-10 cyto-
kine. This possibility is indirectly supported by other previous studies, which demon-
strated that Perio4C patients had reduced levels of IL-10 in gingival crevicular fluid 
(GCF) and serum when compared to other periodontal profiles11,20-22. Casarin et al.20 
(2010) demonstrated a lower production of IL-10 in the gingival crevicular fluid (GCF) 
in moderate and deep pockets of patients diagnosed with Perio4C when compared 
with similar sites of individuals with chronic periodontitis.

However, these findings were not based on genetic characteristics. It is impossible 
to determine whether there is a direct relationship between the presence of the poly-
morphism and differences in cytokine production. This type of relationship has been 
demonstrated for a pro-inflammatory cytokine, interleukin 6 (IL-6), by Nibali et al.15 
(2013). In this study, the authors reported that Perio4C patients with rs2069827 and 
rs2069825 IL6 SNPs had higher levels of IL-6 when compared with Perio4C negative 
for both SNPs patients15.
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Therefore, this study aimed to evaluate, in vivo, the functionality of IL10 rs6667202 SNP 
on GCF levels, that is, assess whether IL10 rs6667202 SNP - AA genotype - may pre-
dispose an altered production of this anti-inflammatory marker in patients with Per-
io4C when compared to those with AC or CC genotypes.

Material and Methods

Patient Selection

This study was approved by the Piracicaba Dental School, University of Campinas 
Research Ethics Committee (number 58679416.4.0000.5418). For this cross-sec-
tional study, 30 subjects were selected from Taiete’s et al.16 (2019) study population, 
which determined the IL-10 genotyping for 200 patients diagnosed with Perio4C and 
200 healthy patients. All selected patients signed an informed consent form to par-
ticipate in this research, and during its execution, the principles of the Declaration of 
Helsinki were followed.

The 30 selected subjects were allocated to:

SNP + Group (n=15): Perio4C with AA genotype (rs6667202).

SNP - Group (n=15): Perio4C with AC or CC genotypes (rs6667202).

The inclusion criteria for the Perio4C group were the presence of true periodontal 
pockets and radiographic bone loss in patients up to 35 years of age; the presence 
of at least eight teeth with probing depth (PS) ≥ 5 mm (of which two teeth must have 
PS ≥ 7 mm) and bleeding on probing in 3 teeth not contiguous to the first molars and 
incisors; the presence of at least 20 teeth in the oral cavity.

The exclusion criteria were the presence of systemic changes (diabetes, heart disease, 
hepatitis) or use of medications (such as antibiotics, anti-inflammatory drugs, phenyt-
oin, cyclosporine) that may influence the response to periodontal treatment in the six 
months before the study; periodontal treatment including subgingival instrumentation 
in the six months before the study; smoking habit, pregnancy, or lactation period.

Collect of oral epithelial cell samples

The patients rinsed with 5 mL of 3% dextrose for 1 minute. Afterward, the solution was 
centrifuged for 10 min at 3000 rpm to sediment oral epithelial cells, as described by 
Trevilatto and Line23, 2000.

DNA extraction and genotyping for rs6667202 SNP detection

The oral epithelial cell samples were incubated at 55oC overnight in 1mL of lysis solu-
tion [10mM Tris (pH 8.0), 0.5% SDS, 5mM EDTA] with 10µL proteinase K (20mg/ml) 
(Sigma Chemical Co., St. Louis, MO, USA). After incubation, proteins and contami-
nants were removed by adding 500μL of 8M ammonium acetate solution and 1mM 
EDTA. The genomic DNA was precipitated in 540μL of isopropanol. The DNA was 
washed in 70% ethanol and resuspended in 50μL TE pH 8.0 (10mM Tris and 1mM 
EDTA). In the end, the amount of purified DNA and its concentration were measured 
using a Nanodrop spectrophotometer (Thermo Scientific).
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The genotype for the rs6667202 variation was determined through DNA Polymerase 
Chain Reaction (PCR) in Real-Time, using the Taqman® system for allele discrimination 
(Applied Biosystems, Carlsbad, CA, USA). Primers and probes were designed using the 
Primer 3 program, allowing amplification of the regions where the variation is located. 
The TaqMan PCR was performed in a volume of 12µL (3ng of DNA, 1X TaqMan master 
mix, 1 x assay mix, 900nM of each primer, and 200nM of each probe) and distributed 
in 96 wells. The fluorescence of PCR amplification was detected using StepOne Plus 
(Applied Biosystems, Carlsbad, CA, USA) and analyzed with the manufacturer’s software.

Collect of GCF

After removing the supragingival biofilm, the teeth were washed, and the area was 
isolated with cotton rollers and dried with air jets. GCF was collected through the 
insertion of filter paper strips (Periopaper, Oraflow) into the periodontal pocket or gin-
gival sulcus for 15 seconds. Samples were collected from four sites in each patient, 
two sites with pockets of PD ≥ 7mm and bleeding probing, two healthy sites with 
PD ≤ 3mm and no bleeding probing. The collected fluid volume was measured with 
a calibrated device for measurement of gingival fluid (Periotron 8000, Oraflow). The 
strips were stored in 400μl of phosphate-buffered saline (PBS) with 0.05% Tween-20. 
Strips contaminated with visible blood were discarded, and a new sample was col-
lected after 30 seconds. All samples were stored at -80oC and remained under these 
conditions until the time of analysis.

Immunoenzymatic Analysis

Aliquots of each GCF sample were analyzed for IL-10 by Luminex/MAGpix technology. 
For this, the analyzes were performed in 96-well plates with the aid of high-sensi-
tivity panels (HSCYTOMAG 60K, Millipore Corporation, Billerica, MA, USA), following 
the manufacturer’s instructions. Briefly, the wells were washed with wash buffer, and 
aspirated and exclusive microspheres conjugated to monoclonal antibodies against 
the analyte (IL-10) were added. Samples and reagents for the standard curve were 
pipetted into the wells and incubated overnight at 4oC. Then, the wells were washed, 
and a mixture of secondary antibodies was added. After incubation for 1 hour, the final 
detection was done through a third fluorescent marker, Streptavidin-Phycoerythrin, 
bound to the detection antibody. The concentration of IL-10 was expressed in pg/mL. 
Samples with quantification below the detection limit of the analysis were recorded 
as “zero”, and samples above the limit of quantification of the standard curve were 
recorded with a value equal to the curve’s highest value.

Statistical Analyses

The data from the immunoenzymatic assay were analyzed for normality by the Shap-
iro-Wilk test, and a comparison of IL-10 levels between groups was performed using 
the t-Student test. All tests were performed considering the significance level of 5%.

Results
Table 1 shows the clinical and demographic data of Perio4C patients who participated 
in the study, indicating a similarity between the groups (p>0.05).
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Figure 1 shows the mean and standard deviation for shallow (1.A) and deep (1.B) 
pockets in the SNP + and SNP - groups. Regarding IL-10 levels, in shallow pockets, 
there was no significant difference in IL-10 GCF concentration between SNP + and 
SNP - groups (0.05±0.04 and 0.15±0.32, respectively, p>0.05 - Figure 1.A). However, 
in deep pockets, the presence of rs6667202 SNP (SNP + Group) was associated 
with lower levels of IL-10 levels in the GCF when compared to the individuals with AC 
or CC genotypes (SNP - Group) (0.005±0.003 and 0.01±0.01, respectively, p=0.03 - 
Figure 1.B). Thus, based on the fact that in the deep pockets, the AC or CC genotypes 
had a higher level of IL-10 when compared to AA genotype Perio4C individuals, the 
protective character of the ancestral C allele for this disease could be firstly explained.

Discussion
Although the prevalence of Perio4C appears to be exceptionally low in developed 
countries24, less developed regions show a higher frequency of this disease, where up 
to 5% of the population could be affected25,26. Epidemiological studies indicate that the 
prevalence of Perio4C can reach 5.5% of young individuals in the Brazilian population, 
and among young people aged 29-34 years, this prevalence can reach 9.9%25. These 
percentages show that, especially in Brazil, there is a greater urgency to meet the 

Table 1. Demographic and clinical full mouth data of study participants.

Characteristics AA Group AC Group

Age (years) 34.6 ± 4.5 34.4 ± 4.4

Gender (M/F) 5/10 4/11

Plaque Index (%) 21.3 ± 6.5 24.4 ± 6.4

Bleeding Index (%) 26.8 ± 9.0 22.4 ± 7.9

Probing depth (mm) 2.5 ± 0.5 2.2 ± 0.2

Probing Attachment Loss (mm) 5.1 ± 1.1 5.6 ± 0.9

There was no significant difference between groups (Student’s T and Chi-square tests, p>0.05).
* Indicates the statistical difference between groups.

Figure 1. Levels of IL-10 in the GCF in shallow pockets (PD ≤ 3 mm) (A) and deep pockets (PD ≥ 7 mm) 
(B) of Perio4C AA genotype (rs6667202) patients (SNP + Group) and Perio4C AC or CC genotype 
(rs6667202) patients (SNP - Group).
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demands caused by Perio4C. However, with this higher proportion of affected sub-
jects, achieving a large population is always a difficult deal in research, especially with 
rigid inclusion criteria. Some previous studies have been done to identify one or more 
SNPs associated with this condition, and only a few in Brazilians17,27-30.

Traditionally, genetic research in periodontics has focused on identifying specific 
genetic changes, mainly from SNPs, presented as risk factors for periodontitis14,15,30. 
Despite these efforts, the genetic factors contributing to periodontal diseases’ patho-
genesis, especially Perio4C, are not yet fully defined29. In this sense, the current 
evidence suggests that Perio4C is polygenic, like other complex diseases, with the 
involvement of multiple genes with little effect (usually more than 100 genes for com-
plex diseases)27.

Some studies have recently used a broader or large-scale assessment approach, 
the genome-wide association studies (GWAS), reporting the association of polymor-
phisms in genes hitherto not associated with Perio4C but which need their valida-
tion in independent populations14,17,28. Using this approach, Schaefer et al.28 (2010) 
conducted the first GWAS study in Perio4C, involving German individuals. It was 
observed that the genetic variant rs1537415 in the GLT6D1 gene, which indirectly con-
trols the differentiation of Th2 cells, could be related to Perio4C. In the same context, 
rs1333048 SNP, in the CDKN2B antisense RNA 1 (ANRIL) gene, regulates mechanisms 
associated with colonization of the subgingival biofilm by periodontopathogens, also 
were associated with Perio4C in a European population30. In 2013, Schaefer et al.17 
(2013) showed an association between rs6667202 IL10 gene SNP and Perio4C in 
a German-Austrian cohort. However, this association was not significant in some 
geographically close populations, as in the Dutch cohort. These results indicate the 
importance of validating SNPs for specific populations, once different regions could 
present a different genetic background.

The Brazilian population alone is highly miscegenated, resulting in genetic heteroge-
neity compared to other countries. Thus, our group conducted a study aiming to iden-
tify if there could be any association between the SNPs previously reported and the 
Perio4C in Brazilians. We found that the only SNP previously associated with Perio4C 
that showed to be significant to this population was the IL10 SNP, rs6667202, and not 
GLT6D1 rs1537415 and ANRIL rs1333048 SNPs16, unlike what was found in other pop-
ulations17,28,30. Meanwhile, the populational association between SNP and any disease 
relies on other aspects – how the SNP could modify etiologic patterns and clinically 
impact disease occurrence. In this effort, this study assessed the local IL-10 levels in 
Perio4C affected-subjects to confirm rs6667202 functionality.

Genetic changes may have a direct influence on the immune response of patients 
affected by Perio4C13. These statements can be observed in studies that seek to 
understand the functionality of genetic variants, that is, how these variations can 
influence cellular functioning and/or alter microbiological colonization. No functional 
analysis had been performed to understand better the relationship between the SNP 
rs6667202 and the production of interleukin-10. Since this SNP is in a regulatory 
region of the IL-10 gene, we can presume an altered production of this cytokine when 
this SNP is present. When we analyze the results of this study, we notice an altered 
production of IL-10 in the SNP + Group, which presents the AA genotype compared to 
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the SNP – Group, presenting AC or CC genotype (0.005±0.003 and 0.01±0.01, respec-
tively, p=0.03 - Figure 1.B). This fact reinforces the protective character of the ances-
tral C allele. It corroborates with the previous findings made by Taiete et al.16 (2019), 
where this allele was detected less frequently in Perio4C patients since, in this study, 
the AA group had a lower dosage of this anti-inflammatory cytokine. However, this 
result was dependent on pocket strata, i.e., IL-10 levels in GCF were differentially mod-
ulated by rs6667202 SNP in deep and shallow pockets.

In shallow pockets, there was no significant difference in IL-10 production between 
SNP + and SNP - groups (0.05±0.04 and 0.15±0.32, respectively, p>0.05 - Figure 1.A). 
It could be related to the fact that a symbiotic community is colonizing the subgingival 
environment in healthy sites and does not pose a challenge to the host immune sys-
tem20,31,32. When we analyze the shallow pockets in Figure 1, we see a significant differ-
ence between the mean values ​​of IL-10 in both groups. However, the standard devia-
tion was high, especially for the SNP - group; that is, there was a significant impact of 
the data variability on the results. It may be related to the presence of pathogens and 
the onset of a dysbiotic environment at the GCF collected sites of some patients, who 
have not yet shown clinical changes at these sites despite already having an altered 
inflammatory response.

The same thought could be attributed to deep pockets, where a mature and dysbi-
otic biofilm instigates the host response, but now leading to clinical alterations. It is 
well known that IL-10 is highly expressed in inflamed periodontal tissues and acts as 
the main inhibitor of pro-inflammatory and harmful cytokines in the context of peri-
odontal destruction. It can downregulate the synthesis of pro-inflammatory cytokines 
and chemokines, such as interleukin 1 (IL‐1), IL‐6, TNF‐α, nitric oxide, gelatinase, and 
collagenase33, and upregulate the synthesis of IL‐1 and TNF‐α when specifically neu-
tralized34. In addition, IL-10 has a major impact on the adaptive immune response. It 
led B cells to differentiate and proliferate, reducing apoptosis of immune cells and 
stimulating Cd8+ and natural killer cells18,19. Thus, it could be suggested that when the 
subject presents the AA genotype, IL-10 production is reduced, altering the immune 
response against microbial aggression in periodontal pockets, and inducing more 
severe destruction.

Corroborating to this pathological pathway, several immunological and microbiolog-
ical factors have been strongly associated with Perio4C, which can be associated 
with the occurrence and the low response of conventional periodontal treatment. In 
addition to the study of Casarin et al.20 (2010) that showed reduced IL‐10 levels in 
GCF associated with low production of Immunoglobulin G (IgG) against Pg and Aa in 
Perio4C patients, other studies have also suggested a reduction in IL‐10 expression 
both in GCF, blood serum, and gingival tissue21,22 in these individuals. These findings 
can probably be related to polymorphisms associated with Perio4C, some of them 
described in previous studies15,35. For example, the haplotype ATA of IL‐10, as a “low 
interleukin‐10 producer”, was proved to be a risk indicator for Perio4C35, emphasizing 
the importance of IL‐10 in Perio4C etiology.

At the moment, this discovery indicates a better understanding of the pathogenesis of 
this condition. It soon will instigate other in vitro analysis to better comprehends it cell 
behavior and its relationship with the presence of pathogens in Perio4C, and with a 
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larger population, to widely confirm its role on disease etiopathogenic aspects, allow-
ing the identification of patients with greater susceptibility and establishing an individ-
ualized periodontal support therapy according to patient’s biological characteristics.

We conclude that IL10 rs6667202 SNP is associated with lower production of IL-10 in 
crevicular fluid, potentially affecting this disease progression and reinforcing the pro-
tective character of the ancestral C allele evaluated before.
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