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Background: Numerous genetic variations in inflammasome components are linked to prevalent disorders in the general population,
including periodontitis and cardiovascular illness. Polymorphisms in the genes play a critical in the initiation and development of
inflammatory diseases. The limited study on AIM2 gene variation associated with inflammatory disease and no study of PYCARD
gene variation associated with inflammatory disease.

Objective: This case-control study was to examine the association between the single nucleotide polymorphism of AIM2 and Pycard
genes with susceptibility to periodontitis with and without coronary heart disease, to determine interleuken-18 and gasdermin D levels
in the saliva of periodontitis with and without coronary heart disease patients, as well as their correlation with salivary interleuken-18
and gasdermin D levels and clinical periodontal parameters.

Methods: The present study recruited 120 participants: 30 were healthy subjects (control, C), 30 had generalized periodontitis (P), 30 had
atherosclerosis coronary heart disease with clinically healthy periodontium (AS-C), and 30 had atherosclerosis coronary heart disease with
generalized periodontitis (AS-P). All individuals’ demographic data recorded, saliva and blood samples collected, then periodontal
characteristics were detailed. These parameters include plaque index, bleeding on probing, probing pocket depth, and clinical attachment
loss. AIM2 and Pycard gene polymorphisms were analyzed by polymerase chain reaction assay, electrophoresis and sequencing. An
enzyme-linked immunosorbent assay (ELISA) was conducted to determine the level of interleuken-18 and gasdermin D in their saliva.
Results: The study result of high frequency (T) in single-nucleotide polymorphisms. The high genotypes distribution of GT and TT
genotypes in the AIM2 gene and the CT and TT genotypes in the Pycard gene were detected in the periodontitis, atherosclerosis
coronary heart disease with healthy periodontium and atherosclerosis coronary heart disease with generalized periodontitis groups as
compared to control group. Elevation of salivary interleuken-18 and gasdermin D levels in three patients’ groups compared to healthy
controls. Both these single-nucleotide polymorphisms also significantly correlated with higher salivary interleuken-18 and gasdermin
D levels and worse clinical indices of periodontitis.

Conclusion: Single-nucleotide polymorphisms in the AIM2 and Pycard genes are associated with an increased risk of developing
periodontitis with and/or without coronary heart disease. Elevation of salivary interleuken-18 and gasdermin D levels associated and
impacted on periodontitis with and/or without coronary heart disease. These single-nucleotide polymorphisms may provide evidence
for a genetic role in the pathogenesis of periodontitis with and without atherosclerosis coronary heart disease.
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Introduction

The alveolar bone and connective tissues that keep teeth in place are destroyed by periodontitis, which is an infected
inflammatory disease. The pathobionts also cause tissue damage by switching from a symbiotic relationship to a dysbiotic
state."> Genotypes significantly govern immunological responses while the dysbiotic flora plays a role in regulating the
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response. Genetic variables significantly affect immunological responses to bacterial infection by extension, disease distribu-
tion, severity, and spread variation.’

Atherosclerosis (AS) is an inflammatory disease that develops when the immune system initiates, spreads, and activates
lesions across the cardiovascular system in response to an increase in circulating low-density lipoprotein (LDL) and cholesterol.
Atherosclerosis is a manifestation of coronary heart disease (CHD). As the correlation between ASCHD and periodontitis has yet
to be fully understood, this present study attempts to examine it from the perspective of gene polymorphisms.*”

The AIM2 sensor protein, an adaptor molecule much like the apoptosis-associated speck-like containing a CARD
domain (Pycard) with a Caspase recruitment domain (CARD) and caspase are components of the inflammasome. The
AIM2 inflammasome is a protein complex that forms in response to either exogenous or sterile signals. The auto-
proteolytic maturation of caspase-1 triggers the production of interleukin-1 (IL-1), IL-18, and gasdermin N-terminal; all
of which are secreted into the extracellular space during the pyroptosis process. It also associates with inflammatory
periodontal soft tissue damage, osteoclastogenesis, and atherogenesis.®®

The pathogenesis of periodontal disease includes inflammatory and bacteria responses which may determine an
increased host response subsequent to the presence of pathogenic oral biofilm in gingival tissues.” More specifically,
periodontal disease has been correlated an increase of levels of some systemic inflammatory mediators in serum and
saliva, such as interleukin 1 (IL-1), IL-6, IL-18 and gasdermin D (GSDMD). It was demonstrated that the inflammatory
mediators increased levels after exposure to pathogenic bacteria caused endothelial cell dysfunction and represent potent
mediators of vascular inflammation. The expression of several proinflammatory cytokines were strongly associated in the
gingival tissue and endothelial cells during periodontitis’'°.

During the last few decades, several evidences have analysed the association between periodontal disease, endothelial
dysfunction, and increased risk of CHD and cardiovascular disease (CVD).'! For these causes, there is growing interest
aimed to investigate in some other oral mediators that can impact the subclinical endothelial dysfunctions as an early sign
of augmented risk of CHD and CVD.

Multiple studies have reported an association between single nucleotide polymorphisms (SNPs) in the component
genes of inflammasomes and increased susceptibility to periodontitis and CHD across various ethnicities.'*'?

Principally, the AIM2 inflammasomes and ASC adopter play important role in host defense against activating signals
in periodontal disease and coronary heart disease.'*'>

Few number of reports have been published about associations have also been found between genetic disorders; such as
Bechet illness, psoriasis, and periodontal disease; and variations in the AIM2 gene, which serves as double-stranded
deoxyribonucleic acid (dsDNA) receptors.'® Some studies have also established an association between variations in the
Pycard gene to cancer.'’

Interestingly, there is no study has suggested an association between SNPs in the AIM2 and Pycard genes with
susceptibility to periodontitis with and without CHD. Therefore, this gives light to the present study, and it is aimed to
examine the associations between SNPs in the AIM2 and Pycard genes with susceptibility to periodontitis with and
without CHD, to determine IL-18, GSDMD levels in the saliva of periodontitis with and without CHD patients, as well
as assess the correlation between these SNPs with the level of IL-18, GSDMD and their clinical periodontal parameters.

Materials and Methods
Study Design
The current investigation is a case-control study. The study was conducted at the Department of Periodontics at Al-
Ameed University Dentistry College and Hospital, Karbala Centre of Specialized Dental, the Imam Al-Hussain Medical
City, or/and the Karbala Centre of Cardiovascular Diseases and Surgery between April to October 2022. The present
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) in terms of design
of the study and results reporting.

In this study, we retrospectively analyzed 120 participants according to inclusion and exclusion criteria. The primary
objective was to assess if there are correlations between SNPs of AIM2, Pycard genes and susceptibility to periodontitis with
and without CHD. The secondary objective was to assess the level of IL-18 and GSDMD, the clinical periodontal parameters.
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Study Subjects

The participants recruited in the present study were males and females, aged range (35-75) years, all with BMI <25kg/m?”. At
first, the diagnosis periodontitis case according to 2017 periodontitis classification, the participants who had detectable general-
ized extent, interdental CAL at >2 non-adjacent teeth, or >3 mm CAL on the buccal (facial) or lingual/palatal aspects, associated
with PPD > 3 mm at >2 teeth periodontitis, stage (III, IV), grade (B, C) with unstable cases (PPD > 4 mm with BOP or PPD
>5 mm with or without BOP) for periodontitis groups.'® The CHD patients diagnosis via clinical dyspnea, chest ache and change
electrocardiogram ECG record, laboratory raised the blood total cholesterol (TC), low-density lipoprotein LDL, triglyceride (TG)
levels, decreased high-density lipoprotein (HDL) level, investigational via noninvasive screening tests coronary computerized
tomography (CT) angiography with constructive plaque/vague outcomes in coronary arteries and diagnostic cardiac catheteriza-
tion procedure with existing atherosclerotic plaque lesions by over 50%."”** Subsequently, recorded demographic data and
saliva and blood samples were accumulated from all participants, then clinical examinations have been detailed.

Inclusion Criteria
The following participants were considered for recruitment in the study:

1. A willingness to participate in the study.

2. Adult individuals age range (35-75) years.

3. The adult subjects with BMI <25kg/m?.

4. Patients who apply the diagnostic criteria which are as follows:

(a) The subjects had at least 20 healthy teeth.

(b) The subjects have good overall health with no history of any systemic diseases other than ASCHD in athero-
sclerotic coronary heart disease groups.

(c) The participants were diagnosed with periodontitis stages III and IV, grades B and C with unstable status patient
should be included in periodontitis patient groups.

(d) The systemically healthy patients, with clinically healthy periodontium, who were included in this study had BOP
< 10%, PPD < 3mm, and intact periodontium,? for the control group participants.

Exclusion Criteria
The following patients were excluded from the study:

(a) Patients with systemic diseases that are known to affect the development of periodontal disease.
(b) Patients had periodontal treatment in the last six months.

(c) Patients were smokers or had other behavioural variables.

(d) Patients had been treated with corticosteroids or antibiotics in the last three months.

(e) Patients were pregnant or nursing at the time of the study.

(f) Patients had implants or dentures.

(g) Patients had periodontitis with the molar-incisor pattern.

Sample Size

Based on the data obtained from the primary outcome of the pilot study to the genetic marker (gene polymorphism of
AIM2 and Pycard) for the study groups. The sample size was calculated utilizing Odd/Ratio and https://epitools.ausvet.
com.au/casecontrolss. A total number of 120 participants (30 subjects per Group) were calculated with a test power of
80% and an o probability of 0.05.

Periodontal Parameters Examination

The periodontal parameters evaluated clinically for every tooth were presented in their mouths, involving full mouth
plaque index (PLI),?* full mouth BOP,”> PPD, and CAL. A Hu-Friedy University of North Carolina (UNC) 15 probe was
used to assess periodontal parameters. The percentage of bleeding that occurred at six sites per tooth; namely, the
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mesiofacial, facial, distofacial, mesiolingual, lingual, and distolingual regions; was assessed to determine the PPD and
CAL and recorded to the nearest millimeter. The percentage of O’Leary PLI scores at four surfaces visually was also
recorded. Exclusion from the examination was the wisdom teeth.

Calibration

The calibrated periodontal examinations were completed before the study started and conducted at the Department of
Periodontology at the University of Al-Ameed, College of Dentistry and Hospital. The reliability of this present study
depended on an analysis of intra-examiner calibration. Calibration sessions for the clinical periodontal parameters data
were recorded twice within an hour of examining five non-study patients who had generalized periodontitis. The
intraclass correlation coefficient (ICC) was 0.94 for pocket probing depth (PPD) and 0.88 for clinical attachment level
(CAL), whereas the average kappa coefficients value was 0.89 for bleeding on probing (BOP) and 0.91 for plaque index
(PLI). Thus, the study’s degree of reliability was satisfactory.

Saliva Sample Collection and Analysis
The participants were encouraged to practice good oral hygiene by brushing their teeth and flossing. Prior to the oral
examination, saliva samples were collected in a clean plastic cup via passive drooling at 09:00 to 12:00 hours.
A micropipette was then used to transfer 300 pL of the saliva sample into an Eppendorf tube for centrifugation at
3000 G rpm for 20 min (Thermo Scientific, USA) before being stored at —20°C.

An ELISA (MyBioSource©, San Diego, California, USA) was carried out according to the manufacturer’s instruc-
tions to determine the level of IL-18 and GSDMD present in the saliva.

Blood Sample Collection and Genotype Estimation

2 mL of peripheral blood was collected within 30 seconds and placed in a tube containing ethylenediaminetetraacetic
acid (EDTA). A ReliaPrep™ Blood gDNA Miniprep System (Promega, USA) DNA extraction kit was used according to
the manufacturer’s instructions to extract the genomic DNA from the blood samples. The DNA concentration of the
blood was assessed using a Macrogen®” QuantiFluor™ dsDNA System Primer (Korea). A functional primer solution was
obtained by dissolving the lyophilized form in nuclease-free water. The optimal annealing temperature for the primer was
investigated. Using the identical Forward and Reverse primer combination at the annealing temperature, the DNA
template was amplified.

A Veriti™ Thermal Cycler (USA) polymerase chain reaction (PCR) assay was used to detect polymorphisms. This
was amplified before an agarose gel electrophoresis was conducted to confirm the presence of amplifications. The PCR
products were Sanger sequenced in a Macrogen®™ ABI3730XL Automated DNA Sequencer (Korea). Geneious software
for sequence data analysis was then used to analyze the results.

Ethical Approval

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of the
University of Baghdad, College of Dentistry, Iraq (number 652,622) that gave their stamp of approval to the study’s
moral foundations. All the human research protocols complied with the ethical standards laid out in the Helsinki
Statement and its later modifications. Each participant signed an informed consent form after being provided detailed
information about the study and its purposes.

Statistical Analysis

GraphPad® Prism version 9.0 (GraphPad Software Inc., La Jolla, CA) was used to conduct the statistical analysis.
Continuous and categorical variables were analyzed using univariate descriptive statistics revealing the means and
standard deviations. A one-way analysis of variance (ANOVA) was also conducted on each of the independent variables
of the four groups. While a chi-square test for Hardy-Weinberg equilibrium (HWE) was conducted on each of the SNPs
of the four groups separately. The univariable correlations between genetic variations and susceptibility to periodontitis
or CHD were assessed using the chi-squared test while the OR was used to estimate the genotype distribution and allele

310 https: Clinical, Cosmetic and Investigational Dentistry 2023:15
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ali Daily et al

frequency. The AIM2 G/T(rs2793845), the Pycard C/T (rs8056505) genes and the variables were correlated using the
Binary logistic regression. For the present study, P < 0.05 was taken to indicate statistical significance.

Results

Study Population

A total of 1370 patients screened,387 individuals refrained from participating in the present study while 863 were
excluded as present in exclusion criteria. The study included 120 participants who met the eligibility criteria and agreed
to be recruited in the present study. They were equally divided into four groups: 30 individuals serving as healthy
controls (group C), 30 in the generalized periodontitis group (P), 30 in the AS coronary heart disease with clinically
healthy periodontium group (AS-C), and 30 in the AS coronary heart disease with generalized periodontitis group (AS-
P), as illustrated in (Figure 1).

Patient Demographics and Periodontal Parameters

The demographic characteristics of all the participants; namely, age, BMI, and gender were non-significantly different
among the study groups. The participants recruited in the present study were 95 males and 25 females. Male patients are
predominant, representing 80% of all participants included in the study. The mean age was 56.17 years. We observed
a predominance of BMI of patients representing 21kg/m?” included in the study. The clinical periodontal parameters were
demonstrated to be statistically greater for the P and AS-P groups with and without diagnosed CHD, compared to the
periodontal healthy participants, C and AS-C (all p < 0.001) as revealed in (Table 1).

Total individual screened for
eligibility subject= 1370

Individuals excluded from this study were
not applied with inclusion criteria=1250

this study=120

J

[ Total subjects participate in ]

Control healthy Generalised Atherosclerotic coronary Atherosclerotic coronary
subjects(C)= 30 periodontitis heart disease with healthy heart disease with
patients (P)= 30 periodontium patients (AS- generalised periodontitis
C)=30 patients (AS-P) =30

L

Total sample size= 120 subjects
-Demographic  variable recorded.
- Periodontal Examination done and
record periodontal parameters.
-Saliva samples collection.
-Blood samples collected.

Figure | Flowchart of the study design for CHD and periodontitis patients.
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Table 1 Demographic Characteristics, Clinical Periodontal Parameters, |L-18 and Gasdermin D of the Control (C), Generalized
Periodontitis (P), CHD and Clinically Healthy Periodontium (as-C); and CHD with Generalized Periodontitis (as-P) Groups. Data are
Expressed as the Mean * SD

Study Group Control (C) Generalized CHD and Clinically CHD with General Study
(n = 30) Periodontitis (P) Healthy Periodontium Periodontitis (AS-P) Group
(n = 30) (AS-C) (n = 30) (n = 30) p value
Mean age + SD 54.03+ 7.62 5483+ 7.5 58.06x 7.00 57.76x 591 0.061™°
Mean BMI + SD 21.35+ 1.58 21.17x 1.27 21.79% 1.44 21.42 2.17 0.529N°
Gender
Male (n, %) 24 (80.0%) 24 (80.0%) 24 (80.0%) 23 (76.7%) 1.00N®
Female (n, %) 6 (20.0%) 6 (20.0%) 6 (20.0%) 7 (23.3%)
Mean PLI £ SD (%) 11.799£2.297 65.102+1.193 18.414+2.702 68.691+2.385 0.00**
Mean BOP + SD (%) 5.558+ 1.547 50.940+2.989 5.749+ 1.696 52.353+2.236 0.00**
Mean PPD * SD (mm) 0.00 £ 0.00 4.876x1.599 0.00 £ 0.00 7.228+1.740 0.00**
Mean CAL * SD (mm) 0.00 £ 0.00 6.563+1.603 0.00 £ 0.00 8.001+1.500 0.00**
Mean IL-18 +SD pg/mL 6.594+2.937 65.862+13.96 102.418+8.47 145.77+6.29 0.00**
Mean GSDMD #SD ng/mL 1.019+ 0.195 8.647+ 0.989 14.772+ 1.773 20.894+ 3.077 0.00**

Note: **significant p < 0.01.
Abbreviations: NS, Non-significant; n, number; SD, standard deviation; %, percentage; mm, millimeter; pg/mL, picogram/milliliter; ng/mL, nanogram/milliliter; GSDMD,
gasdermin D; BMI, body mass index; PLI, plaque index; BOP, bleeding on probing; PPD, probing pocket depth; CAL, clinical attachment loss.

Salivary IL-18 and GSDMD Protein Levels
The P (65.862 pg/mL), AS-C (102.418 pg/mL), and AS-P (145.773 pg/mL) groups had higher significant mean levels of
IL-18 in their saliva than the C group (6.594 pg/mL) (Table 1) (Figure 2).

This study revealed a significant elevation in the mean salivary levels of GSDMD in (P, 8.647 ng/mL; AS-C, 14.772 ng/mL;
AS-P, 20.894 pg/mL) groups compared to the control group (C, 1.019 ng/mL) (p < 0.001) as revealed in (Table 1) (Figure 3).

AIM2 and Pycard Single Nucleotide Polymorphisms Analysis

The genotype distributions of SNPs in the AIM2 G/T (rs2793845) and Pycard C/T (rs8056505) gene did not differ
significantly from those obtained from the chi-square test for Hardy-Weinberg equilibrium (HWE) of all the groups
(Table 2 and Table 3).
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Figure 2 The mean value of salivary IL-18 levels in the study groups; **significant p < 0.01.
Abbreviations: C, the control group; P, generalized periodontitis group; AS-C, atherosclerosis coronary heart disease and clinically healthy periodontium group; AS-P,
atherosclerosis coronary heart disease with generalized periodontitis group; pg/mL, picogram/milliliter.
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Figure 3 The mean value of salivary gasdermin D levels in the study groups; **significant p < 0.01.
Abbreviations: C, the control group; P, generalized periodontitis group; AS-C, atherosclerosis coronary heart disease and clinically healthy periodontium group; AS-P,
atherosclerosis coronary heart disease with generalized periodontitis group; ng/mL, nanogram/milliliter.

An examination of the genotype distributions in the SNP of the AIM2 gene of the 120 participants revealed that the
OR of the TT and GT genotypes were higher significantly (p < 0.01) in the P, AS-C, and AS-P groups than in the Control
group (Table 2, Figure 4).

The T allele of the SNP of the AIM2 G/T (rs2793845) gene appeared more frequently in the P (0.85), AS-C (0.72),
and AS-P (0.80) groups than Control group (Table 2).

An examination of the genotype distributions in the SNP of the Pycard gene of the 120 participants revealed that the
OR of the TT and CT genotypes were higher significantly (»p < 0.01) in the P, AS-C, and AS-P groups than the Control
group (Table 3, Figure 5).

The T allele of the SNP of the Pycard C/T (rs8056505) gene appeared more frequently in the P (0.74), AS-C (0.8),
and AS-P (0.7) groups than the Control group (Table 3).

The Correlations Between SNPs of AIM2 G/T (rs2793845), Pycard C/T (r

rs8056505), and IL-18, Demographic Data and Clinical Variables

Table 4 provides the correlations between the AIM2 G/T (rs2793845) and Pycard C/T (rs8056505) genes with the age,
BMI, gender, clinical periodontal parameters, and IL-18 levels of all the groups. Both the PPD, and CAL of the P group,
and AS-P group revealed positive and significant correlations with the genes. Further, a positive and significant
correlation was observed between the genes and the IL-18 and GSDMD of the P group, AS-C group, and AS-P group
with the two genes, which had a significant impact on the numbers (P<0.05) based on the Binary logistic regression.

Discussion

This present study found the associations between inflammation-related human genetic variants and increase suscept-
ibility to development periodontitis with and without CHD via their pathological genotypes effecting, which contribute to
the pathogenesis of both diseases. Further, there was a significant increase in the mean levels of IL-18 and GSDMD in
the saliva of periodontitis with and without CHD patients than the control group that determined the association and
impact on periodontitis and CHD. A significant correlation was also observed between these genes and salivary IL-18,
GSDMD levels and clinical periodontal parameters.

Significantly higher T allele frequencies and GT and TT genotype distributions in the AIM2 (rs2793845) gene were
found in the blood samples of the P, AS-C, and AS-P groups than GG genotype distributions as compared to the control
group. Therefore, this pathological genotype was associated with an increased risk of developing periodontitis, CHD, or
both. The examination of the SNP revealed the association between the downstream regulation area of the AIM2 gene
and the onset of periodontitis and CHD. Therefore, this SNP affects the abnormal gene expression, activates the AIM2

Clinical, Cosmetic and Investigational Dentistry 2023:15 https: 313
Dove


https://www.dovepress.com
https://www.dovepress.com

ar0(q

1 4K3

:sdyzy

G1:€£707 Ansnus [euoneSiIsaAU| pue d1IBWISOY) ‘ediulD)

Table 2 AIM2 G/T (rs2793845) Genotype Distribution, Allele Frequencies and Hardy-Weinberg Equilibrium Between Control Group and Periodontitis, Atherosclerotic with Health
Periodontium and Atherosclerotic with Periodontitis Patients’ Groups

Genotype | Control n=30 | P n=30 P value O.R (95%Cl) AS-C n=30 | P value O.R (95% CI) AS-P n=30 | P value O.R (95% CI)

GG 24 (80%) I (3%) 0.000%* 116.0 (14.6 to 122) | 4 (13%) 0.000%* 26.02 (6.318 to 83.43) | 0 (0%) 0.000°* 120.0 (15.20 to 1265)
GT | (3%) 7 (23%) 0.0227* 0.113 (0.00 to 0.74) | 9 (30%) 0.0056** 0.08 (0.0071 to 0.61) | 13 (43%) 0.0002°* 0.05 (0.004 to 0.3088)
TT 5 (17%) 22 (74%) 0.000%* 13.8 (3.990 to 45.98) | 17 (57%) 0.0013** 0.153 (0.050 to 0.48) | 17 (57%) 0.00 1%+ 0.153 (0.050 to 0.487)
G Allele 0.8 (49) 0.15 (9) 0.000%* 25.24 (9.70 to 66.69) | 0.28 (17) 0.000%* 0.2 (13) 0.000°* 16.1 (6.343 to 37.14)

T Allele 0.2 (1) 0.85 (51) 0.000%* 25.24 (9.70 to 66.69) | 0.72 (43) 0.000%* 0.8 (47) 0.000°* 16.1 (6.343 to 37.14)

HWE X2 0.00 0.1726 2.183 3.0

p value 0.999 NS 0.917 N 0.245 NS 0.228 NS

Notes: *significant p < 0.05, **significant p < 0.01.

Abbreviations: n, number; OR, Odds ratio; 95% Cl, 95% confidence interval; G, Guanine; T, Thiamin; HWE X2, Hardy-Weinberg Equilibrium chi-square; NS, Non-significant.
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Table 3 Pycard C/T (rs8056505) Genotype Distribution, Allele Frequencies and Hardy-Weinberg Equilibrium Between Control Group and Periodontitis, Atherosclerotic with Health
Periodontium and Atherosclerotic with Periodontitis Patients’ Groups

Genotype | Control n=30 | Perio n=30 | P value | O.R (95% CI) AS n=30 | P value O.R (95% CI) AS-P n=30 | P value O.R (95% CI)

CcC 24 (80%) 2 (7%) 0.00** 56.0 (11.19 to 260.6) I (3%) 0.000** 116.0 (14.65 to 122) 0 (0%) 0.000%** 229.9 (12.335 to 4285.42)
CT 2 (7%) 12 (40%) 0.0023** | 0.107 (0.022 to 0.470) | 10 (33%) | 0.0098** 0.1429 (0.02970 to 0.6584) | 17 (57%) 0.000°** 0.054 (0.0117 to 0.2757)
TT 4 (13%) 16 (53%) 0.001** | 0.134 (0.043 to 0.470) | 19 (64%) | 0.00%* 0.089 (0.02906 to 0.3163) 13 (43%) 0.0099°* 0.2012 (0.06497 to 0.720)
C Allele 0.8 (50) 0.26 (16) 0.000%* 13.75 (5.51 to 31.65) | 0.2 (12) 0.000°* 20.0 (7.49 to 47.73) 0.3 (17) 0.000°** 12.65 (5.131 to 29.64)

T Allele 0.2 (10) 0.74 (44) 0.000%** 13.75 (5.51 to 31.65) | 0.8 (48) 0.000%** 20.0 (7.49 to 47.73) 0.7 (43) 0.000** 12.65 (5.131 to 29.64)
HWE X2 0.000 0.000 4.646 0.000

p value 0.999 NS 0.999 NS 0.098 NS 0.999 N

Notes: *significant at p < 0.05, **significant p < 0.01.
Abbreviations: n, number; C, Cytosine; T, Thiamin; OR, Odds ratio; 95% Cl, 95% confidence interval; HWE X2, Hardy-Weinberg Equilibrium chi-square; NS, Non-significant.
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Figure 4 Genotype Distribution of AIM2 G/T gene in the study groups.
Abbreviations: G, Guanine; T, Thiamin; C, the control group; P, generalized periodontitis group; AS-C, atherosclerosis coronary heart disease and clinically healthy
periodontium group; AS-P, atherosclerosis coronary heart disease with generalized periodontitis group.
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Figure 5 Genotype Distribution of Pycard C/T gene in the study groups.
Abbreviations: C, Cytosine; T, Thiamin; C, the control group; P, generalized periodontitis group; AS-C, atherosclerosis coronary heart disease and clinically healthy
periodontium group; AS-P, atherosclerosis coronary heart disease with generalized periodontitis group.

protein and host mediators, leading to periodontal tissue breakdown, dysfunctional endothelial cells and atherosclerotic
plaque forming. The SNP alleles affect the inflammatory process of periodontitis and CHD by varying the modified
regulatory function.

Only a handful of human genetic variations of the AIM2 gene have been studied concerning inflammatory disorders.
According to Marchesan et al, the allele frequency and genotype distributions of the SNP of the AIM2 gene may be
a major factor in what causes periodontal disease.”® However, Figueira et al conversely reported that individuals with
changes in the SNP of the AIM2 gene had a significantly lower risk of contracting pulmonary tuberculosis (PTB) than the
healthy control group.?’

Significantly higher T alleles frequencies and CT and TT genotype distributions in the Pycard gene (rs8056505) gene
were found in the blood samples of the P, AS-C, and AS-P groups than CC genotype distributions which were compared
to the control group. Therefore, this pathological genotype was associated with an increased risk of developing period-
ontitis, CHD, or both. The examination of the SNP of the Pycard gene revealed that it is located in the 5° untranslated
promotor region; where the majority of the regulatory components are contained including the proximal promoter, which
contains the cis-regulatory elements for immunological and tissue-resident cells. In both periodontitis and atherogenesis,
an epigenetic modifier has been related to causing the abnormal expression of certain proteins (ASC protein) which, in
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Table 4 The Association Between Mean Values of Age, Gender, BMI, the Clinical Parameters, IL-18, GSDMD
and SNPs of AIM2 G/T (rs2793845), Pycard C/T (r rs8056505) of Patients Groups

Groups AIM2 gene Pycard Gene

Odd Ratio 95% ClI P-value | Odd Ratio 95% CI P-value

Perio Age .17 0.9088 to 1.460 0.3263 1.254 0.958 to 2.249 0.2461
Gender 0.3476 0.0404 to 1.122 0.1637 0.3053 0.0325 to 1.200 0.1620

BMI 2.697 1.095 to 8.236 0.0472 2.522 0.433 to 1145 0.4502

PLI 0.8664 0.2747 to 1.478 0.7685 0.8268 0.486 to 1.158 0.2984

BOP 1.793 1.144 to 6.154 0.1478 0.9488 0.640 to 1.397 0.7610

PPD 1.0426 1.024 to 1.067 0.001* 1.122 1.072 to 1.173 0.001*

CAL 0.332 0.119 to 1.026 0477% 0.742 0.612 to 0.882 0.0013*

IL-18 0.733 0.531 to 1.000 0.0532* 0.503 0.273 to 0.945 0.0346*

GSDMD 0.5155 0.221 to 0.864 0.0395% 0.682 0.546 to 0.842 0.001 I*

As-C Age 0.934 0.7683 to 1.120 0.4519 1.060 0.915 to 1.249 0.4486
Gender 0.572 0.1962 to 1.336 0.2244 0.7898 0.239 to 2.225 0.6562

BMI 1.753 0.490 to 11,077 0.8147 1.227 0.919 to 1.736 0.1731

PLI 1.148 0.8913 to 1.617 0.3349 1.311 0.822 to 2.195 0.2569

BOP 1.759 0.823 to 5.806 0.2300 1.170 0.730 to 1.977 0.5191

IL-18 1.173 1.726 to 15.523 0.028* 2.164 1.124 to 4.316 0.0241*

GSDMD 0.8483 0.7117 to 0.9606 0.0256* 0.741 0.617 to 0.884 0.0013*

AS-P Age 1.208 1.040 to 1.477 0.0303 1.034 0.860 to 1.249 0.7064
Gender 0.997 0.9670 to 1.040 0.8534 0.4189 0.0493 to 2.77 0.3779

BMI 1.020 0.4021 to 2.629 0.9660 1.869 0.503 to 8.318 0.3584

PLI 1.033 0.9088 to 1.178 0.6179 1.364 1.139 to 1.801 0.0049

BOP 1.097 0.9682 to 1.278 0.1781 1.081 0.873 to 1.461 0.5184

PPD 1.224 0.642 to 2.346 0.046* 1.467 0.762 to 2.801 0.026*

CAL 0.828 0.506 to 1.357 0.026* 0.726 0.472 to I.113 0.027*

IL-18 1.273 1.036 to 2.253 0.013* 2.384 1.847 to 3.273 0.032%*

GSDMD 1.0321 1.016 to 1.043 0.0012* 1.053 1.036 to 1.077 0.0019*

Note: *Significant at (p < 0.05).

Abbreviations: OR, Odds ratio; 95% Cl, 95% confidence interval; C, the control group; P, generalized periodontitis group; AS-C, CHD and
clinically healthy periodontium group; AS-P, CHD with generalized periodontitis group; BMI, body mass index; PLI, Plaque index; BOP, Bleeding
on Probing; PPD, Probing Pocket Depth; CAL, Clinical attachment loss.

turn, causes the degeneration of critical cellular processes. Furthermore, Pycard gene variation with other factors may
collectively trigger the process of pyroptosis. The study of Suti¢ et al found that the promotor regions of the Pycard gene
may help distinguish between lung cancer and non-cancerous tissue samples.”® Mamoor similarly found that sequence
variations in the Pycard gene may play a role in the understanding of luminal breast cancers in humans.*’

Salivary IL-18 levels were considerably greater in the P, AS-C, and AS-P groups as compared to the control group. Therefore,
IL-18 may play a regulatory role in inflammation and tissue damage as both a pro-inflammatory and anti-inflammatory cytokine.
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Higher levels of IL-18 have been linked to a decline in periodontal health, malfunction in the blood vessel cells and development
of atherosclerosis plaque. Similar findings were reported by Zhang et al and Jefferis et al, who found that the pleiotropic functions
of IL-18, the excessive levels of IL-18 have been found to damage the bone and soft tissues of the periodontium, malfunction the
cells of the blood vessels, causing inflammation, and facilitate the development of atherosclerotic plaques.>*!

This study found a significant elevation in salivary GSDMD levels in P, AS-C, AS-P patient groups compared to
control group. The explanation of that GSDMD is a proinflammatory pore-forming mediator that plays a vital regulatory
role in inflammation and tissue damage by carrying out the execution phase of pyroptosis. Periodontal disease,
endothelial cell malfunction, and cardiomyocyte pyroptosis all resulted from its rise. This was in accordance with the
studies by Zhuang et al and the study of Weng et al. They found that activating GSDMD altered the pyroptotic rate of
human periodontal ligament cells, which in turn resulted in the formation and release of interleukin (IL)-1 and interleukin
(IL)-18.*% This study result is similar to the study of Shi et al that revealed GSDMD levels were high in the blood
serum, it produced as a result of hypoxia/reoxygenation in cardiomyocytes that undergo pyroptosis.**

Multiple studies have reported a correlation between periodontitis and atherosclerosis CHD. However, subgingival
periodontal pathogens are the primary cause of the inflammatory processes via increased levels of systemic inflammatory
mediators that subsequently lead to the destruction of periodontal tissue. When periodontal pathogens have entered the
blood stream, they can cause bacteraemia and/or endo-toxaemia as well as inflammatory changes in vessel walls, induce
the expression of inflammatory cytokines; such as IL-1B; upregulate endothelial adhesion molecules, and create
a prothrombotic environment; all of which could contribute to inflammation-associated atherosclerosis.>>~° Patients
with atherosclerosis and CHD have been seen a significant increase IL-1B levels due to oxLLDL and live bacteria have
been recovered from atherosclerotic plaques, which directly stimulate atheroma formation and maturation and can
exacerbate periodontal destruction.'®>” Thus, the impact of periodontal pathogens and elevation of inflammatory
mediators including IL-18 and GSDMD are increased the risk of CHD.

The demographic variables assessed in this present study; specifically, age and BMI; were relevant in the four groups.
The mean value of BMI was within the ordinary range for all experimental groups to prevent confounding effects.

Most studies on the Iraqi population report a higher prevalence of periodontitis in males than females. This may be
due to the differences in the hygiene practices or socioeconomic status of the two groups.>®

In this present study, periodontal parameters; such as PLI, BOP, PPD, and CAL; were higher in the AS-P group than
in the other three groups. Al-Taweel et al,'® Yagnik et al,” Al-Ghurabi et al,** and Shaker and Hashem™* reported similar
findings and concluded that the inflammatory response due to plaque biofilms, which produce an extensive variety of
bacterial by-products; such as toxins, enzymes, and hydrogen sulphide (H,S); illicit accelerate periodontal tissue
deterioration; such as periodontal ligaments loss, pocket formation, bone resorption, and tooth loss. This facilitates the
onset and progression of CHD and may change the periodontal environment via primary inflammatory pathways.

Binary logistic regression results of this present study indicate that the SNPs of the AIM2 and Pycard genes
significantly correlated with clinical periodontal parameters and salivary IL-18 and GSDMD. This was due to the
presence of underlying inflammatory and molecular pathways that explain the pathogenesis of periodontitis and atheroma
in CHD.

As the SNPs of the AIM2 and Pycard genes have been found to be associated with disease development and severity,
not only do they provide light on how diseases manifest, but they also have the potential to be used as a new therapeutic
method in the fight against and treatment of conditions including periodontal disease and coronary heart disease.

a-Data Sharing Statement: All the genetic sequences are available at (http:/www.ncbi.nlm,nih.gov/genbank). The
Gene Bank accession numbers are: LC741257, LC741258, LC741259, LC741260, LC741261, LC741262, LC741263,
LC741264, LC741265, LC741266, LC741267, LC741268, LC741269, LC741270, LC741271, LC741272, LC741354,
LC741355, LC741356, LC741357, LC741358, LC741359, LC741360 and LC741361.

Conclusion

Highly pleiotropic genetic variations in the T allele of the GT and TT genotypes of the AIM2 inflammasome and the CT
and TT genotypes of the Pycard gene in periodontitis with and without CHD indicate an increased susceptibility to both
conditions. These SNPs in the AIM2 and Pycard genes may alter epigenetic gene regulation leading to aberrant cytokine
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production in periodontitis and CHD. The IL-18 and GSDMD pro-inflammatory cytokines of the host response are
produced against activating signals in coronary heart disease and periodontal disease that caused inflammation and tissue
damage. Periodontitis with and without CHD patients have significantly higher levels of salivary IL-18 and GSDMD.
These biomarkers are associated and impacted on periodontitis with and without CHD. Moreover, these two SNPs are
significantly correlated with salivary IL-18, GSDMD levels and periodontal parameters. This correlation may be
explained by the existence of underlying inflammatory and molecular pathways of the pathogenesis of both illnesses.
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