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Abstract

Periodontitis is a chronic non-communicable disease, caused by dysbiosis of the subgingival
microbiota, resulting in inflammation and destruction of the periodontal tissues. Also, the
inflammation could be aggravated by genetic factors, such as polymorphism of pro-inflammatory
genes. In this context, the production levels of IL-1(3, IL-6 or TNF-a can determine the periodontal
milieu and favor the progression of periodontitis. Thus, the aim of this research was to determine
if there is an association between the polymorphic variants of the genes RANTES-403 G/A, CCR5
G59029A, TNF-308 G/A and the presence or absence of periodontitis.

Methods: For this purpose, 20 patients who attended the Faculty of Dentistry of the Autonomous
University of Yucatan were clinically evaluated; saliva samples were taken to perform a
quantification of pro-inflammatory mediators using ELISA. To determine the RANTES-403 G/A,
CCR5 G59029A and TNF-308 G/A polymorphism, a real-time Polymerase Chain Reaction (qQPCR)
was performed using TagMan® type probes (Thermo Fisher Scientific) and specific primers. The
distribution was analyzed according to population parameters for the Hardy-Weinberg
equilibrium.

Results: The periodontal evaluation resulted in 10 patients with periodontitis (cases) and 10
healthy people (controls). For the CCR5 G59029A polymorphism, a significant difference was
found for allelic and genotypic frequency between healthy subjects and patients with
periodontitis. The pro-inflammatory cytokines IL-1§, IL-2, IL-6, IL-9, IL-13, IL-17A, IL-21, IL-22,
IL-23 and IL-27 were increased in cases compared to controls, unlike the immuno-modulatory
cytokines IL-4, IL-5, IL-10 or pro-inflammatory IL-12 and TNF-a where no differences were found
between cases and controls. When analyzing the genotypic frequencies, the CCR5 homozygous
mutated condition (AA) results in a protective factor of OR = 0.0296.

Conclusion: In patients with periodontitis the CCR5 G59029A OR polymorphism indicates a
protective factor.

Keywords: Periodontitis; Dysbiosis; Pro-Inflammatory Cytokines; Protective Factor

Introduction

Periodontitis is a multifactorial, non-communicable, chronic inflammatory disease characterized by the inflammation of the
periodontal tissues in response to the presence of bacteria present in a dysbiotic subgingival microbiota [1-3]. In periodontitis,
some studies identified molecules present both in periodontal tissues and in oral fluids and determined the presence of higher
levels of different cytokines and chemokines [4-10]. Among the molecules that increase in the presence of periodontitis we can
recognize the Interleukin (IL)-1p, IL-6, IL-12, IL-17A, IL-21, IL-22, IL-23, Tumor Necrosis Factor (TNF)-a, Interferon (IFN)-y,

Receptor Activator of Nuclear Factor kB Ligand (RANKL) and C-C Chemokine Ligand (CCL)-3, CCL5, among others [8]. Of
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them, TNF-a and CCL5 seem to play an important role in the immune response, as they are molecules linked to both neutrophils
and macrophages, as well as TCD4+ lymphocytes [9].

During periodontitis, TNF-a induces the recruitment of circulating leukocytes and stimulates the production of other mediators,
such as IL-1, IL-6 and Matrix Metalloproteinases (MMPs), amplifying or maintaining the inflammatory response [11]. For the
TNF gene, various polymorphisms are described where the allele at position -308 denoted as TNF2 is the most studied and is
associated with a high transcription of the TNF-aa mRNA [12-14]. Otherwise, is secreted by macrophages, eosinophils, fibroblasts,
endothelial cells, epithelial and endometrial cells and its presence induces the migration of CD4+ T cells, dendritic cells, among
other immune cells [15]. CCL5 has affinity with various receptors, showing more importance of the CCR1, CCR3 and CCR5
receptors. CCL5-CCR5 binding trigger an increase in cell survival and the production of pro-inflammatory cytokines and
chemokines [16]. Thus, CCL5 and CCRS5 are associated with diseases such as arthritis, atopic dermatitis, nephritis, colitis, among
other [16].

Polymorphisms are considered variants in the sequence of a gene, present in at least 1% of the population. Polymorphisms can
significantly influence traits, disease risk or drug responses. These variations can provide a survival or reproductive advantage,
leading to adaptations in a population or they may have neutral effects. Some polymorphisms can also be harmful, increasing
susceptibility to diseases, while others can be protective against certain conditions or influence how an individual responds to
medications [17-19]. The most common polymorphisms are Single Nucleotide Polymorphism (SNP), which is the change of a
nitrogenous base [20]. Different studies demonstrate that the rs1800629, rs1800630 and rs1799964 polymorphisms related to TNE-
a are predisposing to periodontitis, particularly in the Asian population [21]. The most frequent polymorphism that affect TNF-
a gene is the change of A by G. On the other hand, in a study carried out in the Saudi population, no relationship was found
between the presence of TNF-308 G/A and periodontitis [22]. The CCL5-403 polymorphism, which is a SNP located in the
promoter region of the human CCL gene where a G is changed for an A at locus 403, increased transcription of CCL5 [23,24].
The CCL5-403 polymorphism was detected in higher frequency in Taiwanese population affected by aggressive periodontitis
compared to patients with chronic periodontitis or healthy controls. This suggests that the CCL5-403 G/A polymorphism may
play a central role in the development of the most aggressive forms of periodontitis [25]. The A/G polymorphism located at bp
59029 in the CCR5 promoter doubles the expression of CRR5 [26,27]. The CCR5 G59029A polymorphism causes up to a two-fold
increase in CRR5 expression, as well as an increase in CCR5 expression in peripheral blood mononuclear cells [28,29]. The
evidence does show a need to determine the presence of genetic polymorphisms linked to periodontitis within affected
populations to understand the disease’s genetic basis and host susceptibility. Thus, the population with polymorphisms
associated with TNF-a, CCL5 or CCR5 can increase the risk of periodontitis by altering inflammation and imune responses,
making these molecules potential therapeutic targets. Targeting these molecules or their receptors could help prevent or reduce
the severity of periodontitis and its systemic effects.

Methodology

Patients Selection

30 patients who attended the Faculty of Dentistry of the Autonomous University of Yucatan, Mérida, Mexico, between May 2020
and April 2023 were included. All patients underwent a complete dental examination, recording personal data, number of teeth
present, absent and restored, periodontal examination and imaging. As an inclusion criterion, individuals between 19 and 80
years of age were selected, who did not have uncontrolled chronic non-communicable diseases such as diabetes mellitus II,
hypertension, dyslipidemia, smoking, alcoholism, sedentary lifestyle or chronic stress, who had not received antibiotic treatment,
NSAIDs, antifungals or periodontal therapy in the last six months and who did not present active caries lesions. All patients
signed the informed consent which was duly approved by the ethics committee (FODO-2019-002).

Periodontal Screening and Examination

The complete protocol was explained to each patient with the aim of accepting or rejecting the participation in the study,
accessing it by signing the informed consent. A general clinical history and periodontal probing were performed on each patient
with a calibrated periodontal probe (UNC-15, Hu-Friedy, Chicago, IL, USA) by a single properly calibrated operator, which will
be recorded in the free access program Periodontal Chart. Patients were classified according to the new classification of
periodontal and peri-implant diseases and conditions [30].
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Sample Collection

All patients were instructed to obtain a stimulated saliva sample. To do this, each patient was given a cotton swab, which they
chewed for 45 seconds without swallowing, depositing the accumulated saliva and the swab into a 50 mL tube free of RNAse.
The saliva samples were centrifuged to separate the cellular phase from the liquid phase. The pellet was resuspended in buffer
(in detail below) and purification of the total genomic DNA proceeded. Also, a Gingival Crevicular Fluid (GCF) was taken
according previous published protocol in the deepest sites [5]. The concentration of total proteins was quantified from the
supernatant using a SynergyTM device (Bio-Tek, Winooski, VI, USA), measuring the absorbance at 480 nm, aliquoted into 2 mL
tubes and stored at -80°C until analysis.

Pro-inflammatory Mediators Quantification

From 100 pL of the saliva supernatant, the secretion levels of the molecules IL-1p3, IL-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12, IL-13,
IL-17A, IL-21, IL-22, IL-23, IL-27 and TNF-a were quantified using Multiplex, following the manufacturer's instructions (R&D
Biosystems) and evaluated absorbance at 480 nm using a spectrophotometer (SynergyTM).

Total Genomic DNA Extraction

The saliva samples obtained were centrifuged at 14,000 xg for 5 min at room temperature. From the pellet, the genomic DNA
was purified for the quantification of the polymorphisms, using an extraction kit and following the manufacturer's instructions
(FavorPrepTM Tissue Genomic DNA extraction Mini Kit, Favorgen Biotech Corp.). Briefly, the pellet was resuspended in 200 pL
of FATGI buffer and 20 pL of proteinase K and incubated at 60°C for 30 min. After elution, the sample was incubated for 2 min
with 4 uL of RNAase A, followed by 200 uL of FATG1 buffer at 70°C for 1 h and subsequently 200 uL of 100% ethanol was added.
The column with the sample was inserted into a collection tube and centrifuged for 1 min at 18,000 xg and then the column was
washed with 400 uL of FATG buffer. Next, 2 column washes were performed: 400 uL of W1 buffer and 1 min of centrifugation
at 18,000 xg and 750 uL of wash buffer followed by 1 min of centrifugation at 18,000 xg. Finally, the column was incubated with
200 pL of elution buffer (pH 7.5-9.0) for 3 min and centrifuged at maximum speed for 2 min to elute total DNA. Samples were
quantified using a spectrophotometer (Sinergy™) and stored at -80°C until quantification by qPCR.

Polymorphisms Detection

To determine the CCL5 -403 G/A, CCR5 G59029A and TNF-308 G/A polymorphism, a real-time Polymerase Chain Reaction
(qPCR) was performed using TagMan® type probes (Thermo Fisher Scientific) and specific primers (Table 1). Genomic DNA
was obtained from patients' saliva samples using the FavorPrepTM kit. This procedure was carried out in the Basic Dental Science
laboratory of the Faculty of Dentistry of the Autonomous University of Yucatan. From 1 pL of DNA at a concentration of 1 ug/uL,
the target genes were amplified by qPCR using the Type-it Fast SNP probe PCR Master Mix 2x kit (Qiagen) and according to the
following amplification conditions: 95°C for 2 min followed by 40 cycles each of 95°C for 15 s and 60°C for 30 s. The genotypic
and allelic frequencies of the CCR5 G59029A, CCL -5403 G/A and TNF-a -308 G/A polymorphisms were determined by simple
counting in all patients studied, both for cases and controls and the distribution was analyzed according to population
parameters for Hardy-Weinberg equilibrium.

Results

Epidemiological Data

Between may 2020 and April 2023, a total of 30 patients were included. Based on periodontal screening we determined the
periodontal diagnosis were 10 patients were diagnosed with health and 20 were diagnosed with periodontitis stage III or IV. The
age average, female percentage and periodontal clinical parameters are summarized on Table 1.

Healthy (n=10) Periodontitis (n=20)
Age 69.0+0.5 71.0+4.38
Gender (Female) 50% (5) 60% (12)
CAL (mm) -0.67 +0.89 -6.8+1.96
BoP (%) 5.30 £2.90 41.90 +10.23
PI (%) 12.70 +2.49 45.50 +7.09

Table 1: Clinical information.
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The Table 1 represent the mean + standard deviation of each group. CAL: Clinical Attachment Loss, BoP: Bleeding on Probing,
PI: Plaque Index.

Patients with Periodontitis Stage III-1V have More Pro-Inflammatory Cytokines

From the GCF samples of all patients, the secretion levels of IL-1f3, IL-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12, IL-13, IL-17A, IL-21,
IL-22, IL-23, IL-27 and TNF-a were quantified using Multiplex (Fig. 1). For the pro-inflammatory cytokines IL-1§3, IL-2, IL-6, IL-
9, IL-13, IL-17A, IL-21, IL-22, IL-23 and IL-27, an increase was detected in people with periodontitis compared to those with
periodontal health.

Polymorphisms Identification

For the quantification of the polymorphisms, DNA samples derived from saliva from 10 healthy people and 10 patients affected
by stage IV periodontitis were used. Regarding the -403 G/A polymorphism of the CCL5 gene, a frequency of 60% (n=6) of the
Wild Genotype (WG)(GG), 10% of the mutated Heterozygous (HT)(n=1) and 30% of the Mutated Homozygous (MT)(AA) was
observed in the cases (Table 2). In controls, a frequency of 40% (n=4) of the WT (GG), 40% (n=4) of the HT (GA) and 20% of the
MT (AA) was observed. No statistically significant differences were found between the genotypes and alleles of the cases and
controls for this polymorphism.
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Figure 1: Quantification of pro-inflammatory mediators in GCF of patients with or without periodontitis. From FCG samples
from healthy subjects and patients with periodontitis. The levels of IL-1p, IL-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12, IL-13, IL-17A,
IL-21, IL-22, IL-23, IL-27 and TNF-a were quantified using Multiplex. Analysis from 30 patients in total. ANOVA-Tukey
analysis, *p<0.05, **p<0.01, ***p<0.001.
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CCL5-408 G/A
Genotypic Frequency Allelic Frequency
GG GA AA G A
Cases 6 1 3 13 7
-60% -10% -30% -65% -35%
Controls 4 4 2 12 8
-40% -40% -2% -60% -40%
OR 0.1667 1 0.8077
95% CI 0.0133 - 2.0930 0.1118 - 8.9473 0.2240 - 2.9121
GG: Wild Genotype; GA: Heterozygous Genotype; AA: Homozygous Mutated, OR: Odds Ratio, CI: Confidence Interval.
*p<0.05, **p<0.01.

Table 2: Genotypic and allelic frequencies analysis of CCL5-403/G/A in patients with gingival health and periodontitis.

In the G59029A polymorphism of the CCR5 gene, a frequency of 60% (n=6) of (WT) (GG), 40% of HT(GA) and 0% (n=0) of MT
(AA) was observed in the cases. On the other hand, in the controls a frequency of 20% (n=2) of the WT (GG), 20% (n=2) of the HT
(GA) and 60% of the MT (AA) was observed. When analyzing the genotypic frequencies, it is detected that presenting the
homozygous mutated condition (AA) results in a protective factor of 0.0296 times (CI= 0.0250 - 0.4588). Furthermore, the allele
frequencies were 80% (n=16) for the G allele and 20% (n=4) for the A allele in the cases and 30% (n=6) for the G allele and 70%
(n=14) for the G allele in the controls. A statistically significant difference of one (p<0.05) was found (Table 3). In the -308 G/A
polymorphism of the TNF gene, a frequency of 80% (n=8) of WT (GG), 20% (n=2) of HT (GA) and 0% (n=0) of MT (AA) was
observed in the cases. On the other hand, in the controls, a frequency of 90% (n=90) of the WT (GG), 10% (n=1) of the HT (GA)
and 0% of the MT (AA) was observed. No statistically significant differences were found between the genotypes and alleles of
the cases and controls for this polymorphism (Table 4).

TNEF-308 G/A
Genotypic Frequency Allelic Frequency
GG GA AA G A
Cases 8 2 0 18 2
-80% -20% 0% -90% -10%
Controls 9 1 0 19 1
-90% -10% 0% -95% -5%
OR 2.25 - 2.1111
0.1701 - 29.7687 - 0.1758 - 25.3499

GG: Wild Genotype; GA: Heterozygous Genotype; AA: Homozygous Mutated, OR: Odds Ratio, CI: Confidence Interval.
*p<0.05, **p<0.01.
Table 3: Analysis of genotypic and allelic frequencies of CCR5 G59029A from patients with gingival health and periodontitis.
CCR5 G59029A

Genotypic Frequency Allelic Frequency
GG GA AA* G A*
Cases 6 4 0 16 4
-60% -40% 0% -80% -20%
Controls 2 2 6 6 14
-20% -20% -60% -30% -70%
OR 0.6667 0.0296 0.1071
95% CI 0.0647 - 6.8716 0.0012 - 0.7443 0.0250 - 0.4588

GG: Wild Genotype; GA: Heterozygous Genotype; AA: Homozygous Mutated, OR: Odds Ratio, CI: Confidence Interval.
*p<0.05, **p<0.01.

Table 4: Analysis of genotypic and allelic frequencies of TNF-308 G/A of patients with gingival health and periodontitis.
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Discussion

In the present research we evaluated whether or not people affected by periodontitis present polymorphisms associated with the
CCL5, CCR5 and TNF genes and whether or not their presence is linked to a possible higher risk of developing the disease. In
the period included, 30 patients were evaluated, resulting in 10 healthy people and 20 patients with periodontitis stage III-IV.
Further, we determined both the allelic and genotypic frequency of the CCL5 -403 G/A, CCR5 G59029A and TNF-308 G/A
polymorphisms in their saliva samples. For the CCR5 G59029A polymorphism, a significant difference was found when
analyzing both the allelic and genotypic frequencies. Furthermore, when analyzing the odds ratio, it was detected that this
polymorphism could be a protective factor given that the OR was 0.0296 (CI= 0.0250 - 0.4588). Among allelic or genotypic
frequencies, no significant differences were observed between case and control patients for CCL5 -403 G/A and TNF-308G/A
polymorphisms. For the pro-inflammatory cytokines —IL-13, IL-2, IL-6, IL-9, IL-13, IL-17A, IL-21, IL-22, IL-23 and IL-27 — an
increase was detected in people with periodontitis compared to those with periodontal health, unlike the immuno-modulatory
cytokines —IL-4, IL-5, IL-10— or pro-inflammatory cytokines —IL-12 and TNF-a— which did not differ between the groups.

In the quantification of the cytokines IL-1f3, IL-2, IL-6, IL-9, IL-13, IL-17A, IL-21, IL-22, IL-23 and IL-27, an increase was observed
in patients with periodontitis. These cytokines are identified as essential for the immune response of neutrophils, macrophages,
dendritic cells or T helper lymphocytes during periodontitis and play the role of activating immune cells and inducing the
destruction of periodontal tissues [4-9]. Indeed, in patients affected by gingivitis or periodontitis these cytokines are found in
high concentrations in the gingival crevicular fluid [31]. The cytokine IL-2 is associated with B cell activation, stimulation of
macrophages and natural killer cells, T cell proliferation and osteoclast activation [32]. IL-13 is an immuno-regulatory cytokine
that suppresses the production of pro-inflammatory cytokines in monocytes and macrophages and similarly to our results, the
IL-13 cytokine have been found in periodontal lesions but not in healthy tissue [33-35]. Otherwise, IL-17A, IL-21 and IL-22 were
detected in the GCF of patients affected by periodontitis [4,36,37]. Furthermore, IL-27 induced the expression of the anti-
inflammatory cytokine IL-10 in Th1, Th2 and Th17 cells and induce the inhibition of Th17 lymphocytes [8]. In general terms,
cytokine levels are related to the presence of periodontitis, with the exception of IL-27, which has a different role in the literature.
The cytokines role in the periodontal milieu can change due to cellular plasticity and the ability of immune cells to differentiate
and dedifferentiate toward different effector phenotypes [38]. Our results correlate with the evidence, where pro-inflammatory
mediators can be detected to a higher or lesser extent depending on the state of disease activity [39,40].

CCRS, it is a receptor found in monocytes, eosinophils, basophils, leukocytes and activated T cells [28,41]. The most frequent
genotypes of CCR5 G59029A polymorphism detected in patients with periodontitis were G/A (47.4%) and A/A (47.4%), with an
OR=1.147, which was contrary to our results where it was considered a protective factor with an OR=0.029 [27]. The AA genotype
of the CCR5 G59029A polymorphism is capable of increasing the expression of CCR5, as well as inducing alterations in the
binding capacity to its ligand (CCR5/CCL5) [42]. Furthermore, the risk allele A of this polymorphism is associated with
periodontitis, since the CCR5 receptor is related to the differentiation of osteoclasts that act directly on the bone tissue that
supports the tooth [43]. However, in the population of the present study the prevalence of allele A was only 20%. The CCR5
G59029A polymorphism is associated with a protective effect against periodontitis. This is because has been found to be present
only in individuals with healthy gums but completely absent in those with periodontitis. Our findings contradict those of a
previous study on a similar population, where the polymorphism was identified as a risk factor for periodontitis [27]. This
discrepancy suggests that more research is necessary to understand the true impact of this polymorphism on the development
and progression of the periodontal disease.

There are studies that claim that the binding of the ligand to CCR5 may provide an important signal for the induction of IL-12
synthesis by the CD8a+ subset of dendritic cells [44]. Our study indicates a significant increase in the levels of pro-inflammatory
cytokines IL-1§3, IL-6 and TNF-a in individuals with periodontitis compared to healthy individuals, suggesting that this increase
could be associated with the presence of the G59029A polymorphism in CCR5 gene.

The CCL5 concentrations in the GCF are generally higher in patients with periodontitis than in healthy subjects [45]. CCL5 has
affinity for various receptors including CCR1, CCR3, CCR4 and CCR5. This interaction triggers cell migration, contributing to
inflammatory and immune responses. The specific cells that CCL5 attracts include monocytes, mast cells, dendritic cells, NK
cells, eosinophils, basophils, CD4+ T cells, CD8+ T cells and B cells [41,46,47]. CCL5 secretion by gingival fibroblasts is often
triggered by inflammatory responses, particularly those mediated by pro-inflammatory cytokines like as TNF-a and IL-1(3 [45].
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However, in our study, we found that a specific CCL5 polymorphism, rather than being a risk factor, appeared to be a protective
factor. This conclusion is based on the observation that the OR for the polymorphism was close to zero, while allele frequencies
were close to one. This suggests that the genotype frequencies of the CCL5 polymorphism might be protective against
periodontitis, while the allele frequencies are not significantly associated.

TNF-a is a pro-inflammatory cytokine secreted by monocytes and macrophages, plays a significan role in inflammation by
inducing the production of adhesion molecules, stimulating Matrix Metalloproteinases (MMPs) and activating pre-osteoclasts
[48-51]. These actions contribute to various inflammatory processes and bone remodeling. The study by Azab and Elfasakhany
found that the TNF-a -308 G/A polymorphism is not correlated with susceptibility to periodontitis in a Saudi population [22].
This means that the presence of either the G or A allele at this specific location in the TNF-a gene does not appear to influence
whether an individual is more or less likely to develop periodontitis. It is important to acknowledge that cytokine genes have
various polymorphisms and further research is needed to determine if specific polymorphisms are associated with periodontitis
risk [52-54]. Conversely, in our study we found a significant association between a specific TNF genotype and allele frequency
with increased susceptibility to periodontitis. That individuals with a particular TNF genotype or the G allele of that gene have
a 2.2-fold increased risk of developing periodontitis, implying a genetic predisposition within the studied population.

Periodontitis is a chronic non-communicable disease affecting the supporting structures of the teeth and has been linked to an
increased risk of other chronic non-communicable diseases [30]. Periodontitis is indeed linked to a wide range of other chronic
non-communicable diseases. This connection is thought to be partly due to the systemic spread of pro-inflammatory mediators
and pathogens from the oral cavity into the bloodstream, as observed in cases of severe periodontitis [3,7,55-62]. The CCL5 -403
G/A, CCR5 G59029A and TNF-308 G/A polymorphisms are associated with other diseases linked to the host's inflammatory
response, for example, in patients with Type 2 Diabetes Mellitus (T2DM) [47]. Also, in Ethiopian subjects with T2DM, a higher
frequency of the TNF-a GG genotype at the -308 G/A position was observed, potentially indicating a role for this polymorphism
in impairing insulin-sensitive glucosa uptake [63]. This suggests that individuals with the GG genotype might develop diabetes
more rapidly than those with other genotypes [63]. The CCR5 G59029A gene mutation is associated with an increased risk of
chronic kidney failure in diabetic patients, potentially due to the mutation’s impact on CCR5 expression and subsequent
macrophage infiltration into the kidneys. This mutation may lead to higher CCR5 levels and increased activation by CCLS5,
prompting macrophages to migrate into the glomerulus and renal interstitium, contributing to kidney damage [64,65]. Finally,
the CCL5 -403G/A gene polymorphism is linked to increased susceptibility to childhood asthma in Caucasian individuals due
to its influence on CCL5 expression, which contributes to airway inflammation by attracting eosinophils. Specifically, the -403
G/A allele is associated with higher CCLS5 levels, leading to higher eosinophil recruitment and, consequently, amplified allergic
airway inflammation [66].

Conclusion

Identifying the genetic marker CCR5 G59029A polymorphism can help identify patients at higher risk of periodontitis allowing
for personalized care plans that include more frequent preventive checkups and treatments like prophylaxis, polishing and root
planing to improve therapeutic success. This genetic information, along with other known risk factors, helps explain why some
individuals are more susceptible to severe form of periodontitis even with good oral hygiene.

Conflict of Interest
The authors declare no conflict of interest.

Financial Disclosure
None.

References

1. Hajishengallis G, Darveau RP, Curtis MA. The keystone-pathogen hypothesis. Nat Rev Microbiol. 2012;10:717-25.

2. Hajishengallis G. Immuno-microbial pathogenesis of periodontitis: Keystones, pathobionts and the host response. Trends
Immunol. 2014;35:3-11.

3. Hajishengallis G. Periodontitis: From microbial immune subversion to systemic inflammation. Nat Rev Immunol. 2015;15:30-
44.

https://doi.org/10.46889/J]DHOR.2025.6311 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


https://doi.org/10.46889/JDHOR.2025.6311
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Vernal R, Dutzan N, Chaparro A, Puente J, Valenzuela M, Gamonal J. Levels of interleukin-17 in gingival crevicular fluid
and in supernatants of cellular cultures of gingival tissue from patients with chronic periodontitis. ] Clin Periodontol.
2005;32:383-9.

Dutzan N, Vernal R, Hernandez M, Dezerega A, Rivera O, Silva N, et al. Levels of interferon-gamma and transcription factor
T-bet in progressive periodontal lesions in patients with chronic periodontitis. ] Periodontol. 2009;80:290-6.

Garlet GP. Destructive and protective roles of cytokines in periodontitis: A re-appraisal from host defence and tissue
destruction viewpoints. ] Dent Res. 2010;89:1349-63.

Hernandez M, Dutzan N, Garcia-Sesnich ], Abusleme L, Dezerega A, Silva N, et al. Host-pathogen interactions in progressive
chronic periodontitis. ] Dent Res. 2011;90:1164-70.

Pan W, Wang Q, Chen Q. The cytokine network involved in the host immune response to periodontitis. Int ] Oral Sci.
2019;11:30.

Fageeh HN, Fageeh HI, Khan SS, Maganur PC, Vyas N, Patil VR, et al. Gingival crevicular fluid infiltrating CD14+ monocytes
promote inflammation in periodontitis. Saudi ] Biol Sci. 2021;28:3069-75.

Torres A, Michea MA, Végvari A, Arce M, Morales A, Lanyon E, et al. Proteomic profile of human gingival crevicular fluid
reveals specific biological and molecular processes during clinical progression of periodontitis. ] Periodontal Res.
2023;58:1061-81.

Graves DT, Cochran D. The contribution of interleukin-1 and tumor necrosis factor to periodontal tissue destruction. J
Periodontol. 2003;74:391-401.

Nadel S, Newport M], Booy R, Levin M. Variation in the tumour necrosis factor-alpha gene promoter region may be
associated with death from meningococcal disease. ] Infect Dis. 1996;174:878-80.

Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff GW. Effects of a polymorphism in the human tumour necrosis
factor alpha promoter on transcriptional activation. Proc Natl Acad Sci USA. 1997;94:3195-9.

El-Tahan RR, Ghoneim AM, El-Mashad N. TNF-a gene polymorphisms and expression. SpringerPlus. 2016;5:1508.

Skartsis N, Ferreira LMR, Tang Q. The dichotomous outcomes of TNFa signalling in CD4+ T cells. Front Immunol.
2022;13:2022.

Levy JA. The unexpected pleiotropic activities of RANTES. ] Immunol. 2009;182:3945-6.

Stover PJ. Influence of human genetic variation on nutritional requirements. Am ] Clin Nutr. 2006;83:4365-42.
Talseth-Palmer BA, Scott R]. Genetic variation and its role in malignancy. Int ] Biomed Sci. 2011;7:158-71.

Karki R, Pandya D, Elston RC, Ferlini C. Defining “mutation” and “polymorphism” in the era of personal genomics. BMC
Med Genomics. 2015;8:37.

Iniesta R, Guin6é E, Moreno V. Statistical analysis of genetic polymorphisms in epidemiological studies. Gac Sanit.
2005;19:333-41.

LiY, Yang J, Wu X, Sun W. TNF-a polymorphisms might influence predisposition to periodontitis: A meta-analysis. Microb
Pathog. 2020;143:104113.

Azab E, Elfasakhany FM. Effect of tumour necrosis factor alpha (TNF-a) -308 and -1031 gene polymorphisms on periodontitis
among Saudi subjects. Saudi Dent ]. 2022;34:226-31.

Hajeer AH, Al Sharif F, Ollier WE. A polymorphism at position -403 in the human RANTES promoter. Eur ] Immunogenet.
1999;26:375-6.

Jang Y, Chae JS, Hyun Y], Koh §J, Kim JY, Ko M]J, et al. The RANTES -403 G>A promoter polymorphism in Korean men:
Association with serum RANTES concentration and coronary artery disease. Clin Sci (Lond). 2007;113:349-56.

Shih YS, Fu E, Fu MM, Lin FG, Chiu HC, Shen EC, et al. Association of CCL5 and CCR5 gene polymorphisms with
periodontitis in Taiwanese. ] Periodontol. 2014;85:1596-602.

McDermott DH, Zimmerman PA, Guignard F, Kleeberger CA, Leitman SF, Murphy PM. CCR5 promoter polymorphism and
HIV-1 disease progression. Multicenter AIDS Cohort Study (MACS). Lancet. 1998;352:866-70.

Martinez-Aguilar V, Carrillo-Avila B, Garcia-Escalante G, Vera-Gamboa L, Escobar-Garcia D, Pozos-Guillén A, et al.
Association of CCR5 G59029A and RANTES -28 C/G polymorphisms in patients with chronic periodontitis and/or type 2
diabetes mellitus in a Southeastern Mexican population. Investigacion Clinica. 2018;59:135-45.

Gamonal ], Acevedo A, Bascones A, Jorge O, Silva A. Characterization of cellular infiltrate, detection of chemokine receptor
CCRS5 and interleukin-8 and RANTES chemokines in adult periodontitis. ] Periodontal Res. 2001;36:194-203.

Borkar M, Tripathi G, Sharma RK, Sankhwar SN, Agrawal S. Chemokine (CCR) and fractalkine (CX3CR) receptors and end-
stage renal disease. Inflamm Res. 2011;60:399-407.

https://doi.org/10.46889/J]DHOR.2025.6311 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


https://doi.org/10.46889/JDHOR.2025.6311
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et al. Periodontitis: Consensus report of workgroup 2 of
the 2017 world workshop on the classification of periodontal and peri-implant diseases and conditions. ] Periodontol. 2018;89
(Suppl 1):5173-82.

Giindogar H, Ustiin K, Senyurt SZ, Ozdemir E, Sezer U, Erciyas K. Gingival crevicular fluid levels of cytokine, chemokine
and growth factors in patients with periodontitis or gingivitis and periodontally healthy subjects: A cross-sectional multiplex
study. Cent Eur ] Immunol. 2021;46:474-80.

Scarel-Caminaga RM, Trevilatto PC, Souza AP, Brito RB, Line SR. Investigation of an IL-2 polymorphism in patients with
different levels of chronic periodontitis. ] Clin Periodontol. 2002;29:587-91.

de Waal Malefyt R, Figdor CG, Huijbens R, Mohan-Peterson S, Bennett B, Culpepper ], et al. Effects of IL-13 on phenotype,
cytokine production and cytotoxic function of human monocytes: Comparison with IL-4 and modulation by IFN-y or IL-10.
J Immunol. 1993;151:6370-81.

Roberts FA, McCaffery KA, Michalek SM. Profile of cytokine mRNA expression in chronic adult periodontitis. ] Dent Res.
1997;76:1833-9.

Chen D, Zhang TL, Wang X. Association between polymorphisms in interleukins 4 and 13 genes and chronic periodontitis
in a Han Chinese population. Biomed Res Int. 2016;2016:8389020.

Dutzan N, Vernal R, Vaque JP, Garcia-Sesnich ], Hernandez M, Abusleme L, et al. Interleukin-21 expression and its
association with proinflammatory cytokines in untreated chronic periodontitis patients. ] Periodontol. 2012;83:948-54.
Sidharthan S, Dharmarajan G, Kulloli A. Gingival crevicular fluid levels of Interleukin-22 (IL-22) and human (-Defensin-2
(hBD-2) in periodontal health and disease: A correlative study. ] Oral Biol Craniofac Res. 2020;10:498-503.

Neurath N, Kesting M. Cytokines in gingivitis and periodontitis: From pathogenesis to therapeutic targets. Front Immunol.
2024;15:1435054.

Moutsopoulos NM, Madianos PN. Low-grade inflammation in chronic infectious diseases: Paradigm of periodontal
infections. Ann NY Acad Sci. 2006;1088:251-64.

Cecoro G, Annunziata M, Iuorio MT, Nastri L, Guida L. Periodontitis, low-grade inflammation and systemic health: A
scoping review. Medicina (Kaunas). 2020;56.

de Nadai P, Chenivesse C, Gilet ], Porte H, Vorng H, Chang Y, et al. CCR5 usage by CCL5 induces a selective leukocyte
recruitment in human skin xenografts in-vivo. ] Invest Dermatol. 2006,126:2057-64.

Zhang Z, Wang Q, Yao J, Zhou X, Zhao ], Zhang X, et al. Chemokine receptor 5, a double-edged sword in metabolic syndrome
and cardiovascular disease. Front Pharmacol. 2020;11:2020.

Cavalla F, Biguetti CC, Dionisio TJ, Azevedo MCS, Martins W Jr, Santos CF, et al. CCR5A32 (rs333) polymorphism is
associated with decreased risk of chronic and aggressive periodontitis: A case-control analysis based in disease resistance
and susceptibility phenotypes. Cytokine. 2018;103:142-9.

Aliberti ], Reis e Sousa C, Schito M, Hieny S, Wells T, Huffnagle GB, Sher A. CCR5 provides a signal for microbial induced
production of IL-12 by CD8a+ dendritic cells. Nat Immunol. 2000;1:83-7.

Barczak K, Drozdzik A, Bosiacki M, Lagocka R, Cenariu D, Uriciuc WA, et al. CCL5’s role in periodontal disease: A narrative
review. Int ] Mol Sci. 2023;24:17332.

Marques RE, Guabiraba R, Russo RC, Teixeira MM. Targeting CCL5 in inflammation. Expert Opin Ther Targets.
2013;17:1439-60.

Zeng Z,Lan T, Wei Y, Wei X. CCL5/CCRS5 axis in human diseases and related treatments. Genes Dis. 2022;9:12-27.

Ding C, Parameswaran V, Udayan R, Burgess ], Jones G. Circulating levels of inflammatory markers predict change in bone
mineral density and resorption in older adults: A longitudinal study. ] Clin Endocrinol Metab. 2008;93:1952-8.
Parameswaran N, Patial S. Tumour necrosis factor-a signalling in macrophages. Crit Rev Eukaryot Gene Expr. 2010;20:87-
103.

Jang DI, Lee AH, Shin HY, Song HR, Park JH, Kang TB, et al. The role of tumour necrosis factor alpha (TNF-a) in autoimmune
disease and current TNF-a inhibitors in therapeutics. Int ] Mol Sci. 2021;22.

Pocino K, Carnazzo V, Stefanile A, Basile V, Guerriero C, Marino M, et al. Tumour necrosis factor-alpha: Ally and enemy in
protean cutaneous sceneries. Int ] Mol Sci. 2024;25.

Lopez NJ, Jara L, Valenzuela CY. Association of interleukin-1 polymorphisms with periodontal disease. ] Periodontol.
2005;76:234-43.

Geng Y, Li L, Wang X, He F, Zhou Y, Yang M, et al. Interleukin-10 polymorphisms affect the key periodontal pathogens in

https://doi.org/10.46889/J]DHOR.2025.6311 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


https://doi.org/10.46889/JDHOR.2025.6311
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

10

Chinese periodontitis patients. Sci Rep. 2018;8:9068.

Najah A, Fadhil R, Akram HM, Salah R. Association of IL-4 polymorphism with severe periodontitis in a sample of Iraqi
population. Folia Med. 2024;66.

Lopez N, Smith P, Gutierrez ]J. Periodontal therapy may reduce the risk of preterm low birth weight in women with
periodontal disease: A randomized controlled trial. ] Periodontol. 2002;73:911-24.

Lopez N, Silva ID, Ipinza ], Gutierrez J. Periodontal therapy reduces the rate of preterm low birth weight women with
pregnancy-associated gingivitis. ] Periodontol. 2005;76:2144-53.

Noble JM, Borrell LN, Papapanou PN, Elkind MSV, Scarmeas N, Wright CB. Periodontitis is associated with cognitive
impairment among older adults: Analysis of NHANES-IIL ] Neurol Neurosurg Psychiatry. 2009;80:1206-11.

Aemaimanan P, Amimanan P, Taweechaisupapong S. Quantification of key periodontal pathogens in insulin-dependent
type 2 diabetic and non-diabetic patients with generalized chronic periodontitis. Anaerobe. 2013;22:64-8.

Tonetti MS, Van Dyke TE. Periodontitis and atherosclerotic cardiovascular disease: consensus report of the Joint EFP/AAP
Workshop on Periodontitis and Systemic Diseases. ] Clin Periodontol. 2013;40(Suppl 14):524-9.

Kononen E, Gursoy M, Gursoy UK. Periodontitis: A multifaceted disease of tooth-supporting tissues. ] Clin Med. 2019;8:8.
Orlandi M, Graziani F, D’ Aiuto F. Periodontal therapy and cardiovascular risk. Periodontol 2000. 2020;83:107-24.

Ayelign B, Genetu M, Wondmagegn T, Adane G, Negash M, Berhane N. TNF-a (-308) gene polymorphism and type 2
diabetes mellitus in Ethiopian diabetes patients. Diabetes Metab Syndr Obes. 2019;12:2453-9.

Yadav AK, Kumar V, Dutta P, Bhansali A, Jha V. Variations in CCR5, but not HFE, ELMO1 or SLC12A3, are associated with
susceptibility to kidney disease in north Indian individuals with type 2 diabetes. ] Diabetes. 2014;6:547-55.

Bagci B, Bagci G, Huzmeli C, Sezgin I, Ozdemir O. Associations of fractalkine receptor (CX3CR1) and CCR5 gene variants
with hypertension, diabetes and atherosclerosis in chronic renal failure patients undergoing hemodialysis. Int Urol Nephrol.
2016;48:1163-70.

Edwards MR, Strong K, Cameron A, Walton RP, Jackson DJ, Johnston SL. Viral infections in allergy and immunology: How
allergic inflammation influences viral infections and illness. ] Allergy Clin Immunol. 2017;140:909-20.

66. Zhang YQ, Gao XX. Association of RANTES gene polymorphisms with susceptibility to childhood asthma: A meta-analysis.
Medicine (Baltimore). 2020;99:€20953.
l& ATHENAEUM
Journal of Dental Health and Oral Research LR <cienmieic pupLisners

Publish your work in this journal

Journal of Dental Health and Oral Research is an international, peer-reviewed, open access journal publishing original research, reports, editorials, reviews
and commentaries. All aspects of dental health maintenance, preventative measures and disease treatment interventions are addressed within the journal.
Dental experts and other related researchers are invited to submit their work in the journal. The manuscript submission system is online and journal follows
a fair peer-review practices.

Submit your manuscript here: https://athenaeumpub.com/submit-manuscript/

https://doi.org/10.46889/J]DHOR.2025.6311 https://athenaeumpub.com/journal-of-dental-health-and-oral-research/


https://doi.org/10.46889/JDHOR.2025.6311
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/
https://athenaeumpub.com/journal-of-dental-health-and-oral-research/
https://athenaeumpub.com/submit-manuscript/

