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Abstract Objectives The nod-like receptor pyrin domain-containing protein 3 (NLRP3) inflam-
masome regulates the maturation and release of the cytokines as well as the activation
of caspase in response to danger signals derived from pathogenic infection, tissue
damage, andmetabolic changes that have a role in the pathogenesis of different
diseases as periodontitis. Yet, the susceptibility to this illness could be determined by
population-based genetic differences. The aim of this study was to determine whether
periodontitis in Arab populations from Iraq is correlated with NLRP3 gene polymor-
phisms and measure clinical periodontal parameters and investigate their association
with genetic polymorphisms of the NLRP3.
Materials and Methods The study sample consisted of 94 participants ranging from
30 to 55 years old, both males and females who fulfilled the study’s criteria. The
selected participants were divided into two groups: the periodontitis group (62
subjects) and the healthy control group (32 subjects). The examination of clinical
periodontal parameters of all participants was carried out, followed by a collection of
venous blood for NLRP3 genetic analysis using the polymerase chain reaction–
sequencing technique.
Results The genetic analysis of NLRP3 genotypes at four single nucleotide poly-
morphisms (SNPs) (rs10925024, rs4612666, rs34777555, and rs10754557), by Hardy–
Weinberg equilibrium, identified nonsignificant differences in studied groups. The C-T
genotype among periodontitis was significantly different from controls, while the C-C
genotype among control was significantly different from periodontitis at NLRP3
rs10925024. Overall, there were 35 SNPs in the periodontitis group and 10 SNPs in
the control group for rs10925024 with significant differences versus nonsignificant
differences of the other SNPs between the studied groups. Clinical attachment loss and
NLRP3 rs10925024 additionally demonstrated a significant positive correlation in the
periodontitis subjects.
Conclusion The findings suggested that polymorphisms of the NLRP3 gene may have
a role and increasing the genetic susceptibility to periodontal disease in Arabs Iraqi
patients.
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Introduction

Periodontitis is a complex multifactorial disease caused by
several risk factors, including genetic risk factors that ac-
count for nearly half of the population’s diversity in peri-
odontitis risk.1 Additionally, genetic factors account for the
heterogeneity in disease location, severity, and dissemina-
tion in susceptible individuals.2

Pathogenic microorganisms activate the host immune
system.3,4 Particularly, inflammasomes are intracellular pat-
tern recognition receptors that become active when several
signals are recognized as pathogen-associated molecular
patterns (PAMPs).5 The most intricate of them all, the nod-
like receptor pyrin domain-containing protein 3 (NLRP3)
inflammasomes react to PAMP.6 Increased secretion of ma-
ture interleukin (IL)-1β, caspase-1, and IL-18, which have a
critical role in the host innate immune reactions during
periodontitis, is brought on by the NLRP3 inflammasomes’
formation and activation.6,7

Additionally, due to the influence of genetic polymorphisms,
various ethnic groups may have different degrees of disease
susceptibility. Some immunological genetic variations have
been associatedwith periodontitis depending on the candidate
gene approach and genome-wide association studies.2,8 Many
association studies with the candidate gene approach are not
recommended as a standard technique to evaluate genetic
involvement in periodontitis because they produce varying
and frequently conflicting results due to a lack of statistical
power and the absence of multiple testing corrections. More-
over, the phenotyping of periodontitis and control individuals
has not been consistent among investigations. Furthermore,
many studies have failed to account for lifestyle variables that
may influence the periodontitis phenotype or the prevalence of
comorbidities.1,2 Thus, sufficient sample size, pilot studies, and
inclusion and exclusion criteria in these studies are critical for
determining genetic involvement.

The single nucleotide polymorphism (SNP) is the most
common type of polymorphism, in which a single nucleotide
is substituted by another nucleotide, especially those that are
in the vicinity of protein-coding genes that able to affect or
modify the corresponding gene expression or protein synthe-
sis with influences on the periodontium’s structural elements
or the host’s immunological reaction to a microbial attack.
Polymorphisms can stimulate or retard the production of
different cytokines. Furthermore, various studies have discov-
ered that genotypic polymorphisms are connected with phe-
notypic variety, such as periodontitis severity and onset.9–13

One such polymorphism is the NLRP3, there are a few studies
that have looked at the NLRP3 polymorphism as it relates to
periodontitis.14 Hence, the purpose of this study was to
explore the association of polymorphisms in the NLRP3 gene
with periodontitis in the Arabs populations of Iraq.

Materials and Methods

Patient Selection
The design of our study was an observational case–control
study. Each participant received thorough explanations of

the study and its methods, and their informed consent was
obtained using a form that had been approved by the College
of Dentistry, University of Baghdad ethics committee, refer-
ence number: 453.

The potential patients were recruited consecutively from
the attendants to the teaching hospital of the College of
Dentistry, Baghdad University and the Iraqi National Centre
for blood donation during the period from March to
August 2022.

The study included similar ethnic backgrounds of Iraqi
Arabs subjects, systemically healthy males or females with-
out over- or underweight and height (18.5–29.9) according to
body mass index15 with the presence of at least 20 or more
natural teeth, willingness to sign a form of informed consent,
no antibiotics therapy has been received in the last 3months,
and during the last 6 months, there was no periodontal
therapy. Any pregnant, lactating women and individuals
with dental implants and orthodontic or prosthodontic
appliances were excluded.

The selected participants were classified into two groups
based on their periodontal clinical conditions. The control
group with healthy intact periodontium, who have no gingi-
val inflammation signs at all “bleeding on probing (BOP)
<10%, probing pocket depth (PPD)� 3mm, and no probing or
clinical attachment loss (CAL).”16 In addition, the periodon-
titis group, which is defined, following the 2017 classifica-
tion of periodontal diseases and conditions, as the
interdental CAL is identified at � 2 teeth (not adjacent), or
oral CAL� 3mm and PPD>3mm is identified at� 2 teeth.17

Periodontitis causes must exhibit unstable status (PPD �
5mm or PPD 4mm with BOP) with no risk factors (diabetes
mellitus [DM] and/or smoking).

Pilot Study and Sample Size
A pilot studywas conducted using thefirst samples collected
from each group following an allocation ratio of 1:2 (peri-
odontal health:periodontitis, respectively) (three periodon-
tal health and six periodontitis). A total of nine samples were
analyzed in the laboratory by polymerase chain reaction
(PCR)-sequencing methods to validate the primers and if any
preparation was required for blood samples. The values
obtained from this pilot study were then added to the final
data of the main study.

The sample size was determined from the following
equation18:

Samplesize¼ (rþ1)/r�P (1� P) (Z1� βþ Z1� α/2)2/(P1�P2)2

where r is the ratio of cases to controls equal to 2; P is the
proportion of population equal to (P1þ P2)/2; Z1 � β is the
desired power (0.84 for 80% power); Z 1 � α/2 is the statistical
value that corresponds to the level of confidence (95%) that is
equal to (1.96); P1 is the proportion in cases, which was
estimated at 66% of genetic polymorphisms of the NLRP3 at
rs10925024 in the pilot study; and P2 is the proportion in
controls, which was estimated at 33% of genetic polymor-
phisms of the NLRP3 at rs10925024 in the pilot study. Then,
after substituting the values into the above equation:
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Samplesize¼ (2þ1)/2�0.5(1�0.5)(0.84þ1.96)2/(0.66�0.33)2

Sample size¼26.98¼27þ3 (taking into account the 10%
dropout rate of participants). Thus, the total sample size for
the groups must be 90 at a minimum (60 for cases and 30 for
control with an allocation ratio of 2:1).

Clinical Examination
Before conducting any periodontal examination and the col-
lection of blood samples, every precaution needed to avoid
coronavirus disease 2019 infection was followed. Then, the
clinical parameters to bemeasured in logic sequence included
(plaque index [PI, BOP, PPD, CAL, gingival recession indices, and
the number of missing teeth) except the third molars. PI and
BOP were identified as present (1) or absent (0).19,20 The
periodontal examinationwas achieved by using a periodontal
probe (Michigan 0 probe) at six sites/teeth except for plaque
scores of only four surfaces for all teeth.

The accuracy, validity, and reproducibility of the research-
er were assessed by carrying out an inter- and intraexaminer
calibration; categorical variables (PI and BOP) were assessed
by using a kappa-coefficient assay. The targeted level was
kappa value �75% to decide a good level of agreement was
present. For continuous variables (PPD and CAL), the level of
agreement rounded to the nearest millimeter should be>0.9
as determined by interclass coefficient assay.

Sample Collection and DNA Extraction
Each individual had a venipuncture performed using a 5-mL
disposable syringe and a 20-gauge needle to obtain 2mL of
blood from the antecubital fossa under an aseptic technique
with 70% ethanol alcohol. The collected blood was placed
into ethylenediaminetetraacetic acid tube (1.5mg/mL) and
stored at �40°C for the (NLRP3) genetic analysis by PCR-
sequencing methods. The processes include deoxyribonu-
cleic acid (DNA) extraction, PCR amplification, sequencing,
and data analysis.

During thefirst step of the study, blood sampleswere used
to isolate genomic DNA following the instructions provided
by the ABIOpure extraction kit (United States), then the
extracted DNA was quantified by Quantus Fluorometer
(Promega, United States).

Polymorphism Detection
In detail, primer preparation and optimization were the first
step in the PCR amplification process. The primers in this
studyused for the detection of theNLRP3 genewere designed
by PrimerQuest from Integrated DNA Technology. The pri-
mers covered the majority of the gene to identify any
potential alterations that might have been present in the
study groups and to compare them to typical sequences. The
Macrogen Company provided these primers in lyophilized
form as a forward primer (5-TGTAAAACGACGGCCAGTCTA-
GACTCGAAAGGGCAAATAC-3) and reverse primer (5-CAG-
GAAACAGCTATGACCTGCACCATCTCTAAGGTTTC-3) with 964
product size (bp) at 60 annealing temperatures.

To prepare primer stock solution, lyophilized primers
were diluted in nuclease-free water (NFW) to a total of

100 pmol/μL for both reverse and forward tubes followed
by vertexing. Then, a primer working solution containing 10
pmol/μL was prepared by adding 10 µL of stock solution and
90 µL of NFW for reverse primer and forward primer in a 1.5-
mL tube (stored at freezer �40°C).

To assess the ideal annealing temperature for primers, the
DNA sample was replicated with the same primers at treat-
ment temperatures of 55, 58, 60, 63, and 65°C. After that, the
PCR amplifications were completed. The PCR cycling proce-
dure was carried out by PCR express (Thermal Cycler, Bio-
Rad, United States) with the following scheme, denatured at
94°C/4minutes, then 30 denaturation cycles at 94°C/30 sec-
onds, followed by annealing at 55, 58, 60, 63, or 65°C/
30 seconds, and extension at 72°C/30 seconds. Following a
final extension incubation at 72°C/7minutes, the processes
were stopped by incubating for 10minutes at 4°C.

Agarose gel electrophoresis (OWL, Thermo, United States)
supplemented with 10mg/mL ethidium bromide staining
(EBS) (Promega, United States) was used to verify the exis-
tence of amplification following PCR amplification. Then,
5 μL of the PCR cycling product was added straight to the
well; 100 volts and 50 amps of electricity were turned on for
60minutes. From the negative (cathode) to the positive
(anode) poles, DNA travels. Under ultraviolet light, EBS bands
in the gel were viewed, and then gel imaging equipment was
used to take a photograph (Major Science, Taiwan) (►Fig. 1).

Then, PCR products were sent to Macrogen Company,
Korea for Sanger sequencing using ABI3730XL, automated
DNA sequences, after the gene’s fragments appear in the PCR
with the anticipated size to identify the nucleotide sequen-
ces of these fragments. The nucleotide sequences of the
samples were received by e-mail and compared with the
source nucleotide sequence and then analyzed by the soft-
ware program Basic Local Alignment Search Tool (BLAST).

Statistical Methods’ Outcomes

Data description and analysis were achieved by Statistical
Package for Social Science (SPSS version 28, IBM, United
States). Mean, standard deviation, and median were used

Fig. 1 Electrophoresis of the amplification of the NLRP3 gene at
964 bp for some samples. M, 100bp DNA ladder marker.
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for the continuous data, while frequency (number) and
percentage were used for categorical variables.

The normality of distribution was checked by the Sha-
piro–Wilk and D’agostino’s tests. Mann–Whitney’s U tests
determined the significant difference between the examined
groups. In addition, categorical variables were analyzed by
using the chi-square test. The correlation between clinical
parameters and NLRP3 polymorphisms genes was identified
by Spearman’s correlation test. The significant differencewill
be revealed if p<0.05.

The intergroup differences in the distributions of the SNPs
were analyzed using the chi-square test. Frequency distri-
butions for selected variables were done first. Hardy–Wein-
berg equilibrium (HWE) is used to calculate the expected
alleles from the observed genotypes. The odds ratio (OR)
measures the strength of association between the presence
of certain polymorphisms and disease status.

Results

A total of 94 subjects were enrolled out of the 940 subjects
whose eligibility was determined. In brief, the average age
was 41.66�8.176 (median 40.5) and 38.66�6.553 (median
37) with a range between 30 and 55 years for the periodon-
titis and control groups, respectively. In addition, distribu-

tion according to sex and family history is summarized
in ►Table 1.

Regarding the result of the clinical examination, the peri-
odontitis subjects had significantly greater PI, BOP, and a
greater number of missing and mobile teeth at p<0.001
(►Table 1). As well, the mean of PPD in the periodontitis
groupwas 5.32�0.687 and themean of CALwas 6.52�0.667,
whereas the control group was free from PPD and CAL.

Furthermore, the sequencing of NLRP3 SNPs by the Sanger
method was described for some samples in ►Figs. 2 to 5 for
rs10925024, rs4612666, rs34777555, and rs10754557, re-
spectively, and there was the substitution of allele cytosine
(C) with thymine (T) in rs10925024 SNP, while there was the
substitution of allele Twith C in rs4612666 SNP. In addition,
there was a substitution of allele guanine (G) with C in
rs34777555 SNP and a substitution of allele G with adenine
(A) in rs10754557 SNP.

Analysis by HWE for studied groups was done for the
NLRP3 SNPs to compare the observed genotype with the
expected genotype in each studied group as well as total
samples. The equilibrium was nonsignificant, as shown
in ►Table 2.

Concerning this, the distribution of NLRP3 SNPs according
to their types in the studied groups’ samples is illustrated
in ►Table 3. All the detected SNPs after sequencing were of

Table 1 Statistics of demographic and clinical parameters of the studied population

Parameters Healthy (32) Periodontitis (62) p-Value

Age Mean� SD 38.66� 6.553 41.66�8.176 0.091 NSa

Median 37 40.50

Sexb Male 19 (59.4%) 37 (59.7%) 0.977 NS

Female 13 (40.6%) 25 (40.3%)

Family historyb Positive 2 (6.3%) 10 (16.1%) 0.174 NSa

Negative 30 (93.8%) 52 (83.9%)

PI Mean� SD 0.156� 0.100 0.634�0.223 0.000c

Median 0.122 0.676

BOP Mean� SD 0.055� 0.032 0.472�0.180 0.000c

Median 0.056 0.450

PPD Mean� SD 0.000� 0.000 4.524�0.614 0.000c

Median 0.000 4.3150

CAL Mean� SD 0.000� 0.000 3.458�0.992 0.000c

Median 0.000 3.300

GR Mean� SD 0.000� 0.000 2.230�1.153 0.000c

Median 0.000 2.230

Teethb Lost teeth 16 (1.8%) 198 (11.4%) 0.000d

Mobile teeth 0 (0.0%) 46 (2.6%)

Present teeth 880 (98.2%) 1,538 (85.9%)

Abbreviations: BOP, bleeding on probing, CAL, clinical attachment loss, GR, gingival recession; NS, nonsignificant; PI, plaque index, PPD, probing
pocket depth, SD, standard deviation.
aNonsignificant at p � 0.05 by Mann–Whitney’s test and for the chi-square test.
bNumber (%).
cSignificant at p � 0.001 by Mann–Whitney’s test.
dSignificant at p � 0.001 for the chi-square test.
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single base substitution, 148 (98.7%) of themwere transition
and 2 (1.3%) transversion SNPs in the periodontitis, while in
the healthy, 67 (98.5%) were transition and 1 (1.5%) trans-
version SNPs. The transition mutations belong to
rs10925024, rs4612666, and rs10754557, whereas trans-

version mutations belong to rs34777555. There was a non-
significant difference (p < 0.05) between the studied groups
in SNPs type distribution.

The SNPs number and distribution in both groups are
illustrated in ►Table 4, as there were 35 SNPs in the

Fig. 4 Sanger sequencing analysis of the NLRP3 gene’s rs34777555 SNP. The G homozygous allele is denoted by a single “G” peak. A
homozygous “C” allele is denoted by a single “C” peak. The “G” and “C” peaks are a sign of the G/C heterozygous allele. SNP, single nucleotide
polymorphism.

Fig. 3 Sanger sequencing analysis of the NLRP3 gene’s rs4612666 SNP. Homozygous T allele denoted by a single “T” peak. A homozygous “C”
allele is denoted by a single “C” peak. The “T” and “C” peaks are a sign of the T/C heterozygous allele. SNP, single nucleotide polymorphism.

Fig. 2 NLRP3 gene’s rs10925024 SNP analysis by Sanger sequencing. A homozygous “C” allele is indicated by a single “C” peak. Homozygous T
allele indicated by a single “T” peak. The “C” and “T” peaks are a sign of the heterozygous C/T allele. SNP, single nucleotide polymorphism.
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periodontitis group for rs10925024 and 10 SNPs in the
control group for the same rs with significant differences.

While there were 58 SNPs in the periodontitis group and
29 SNPs in the healthy group at rs4612666 with a nonsignif-
icant difference between them. On the other hand, there
were two SNPs in the periodontitis and one SNP in the
healthy group at rs34777555 with a nonsignificant differ-
ence between them. In addition, there were 55 SNPs in the

periodontitis and 28 SNPs in the healthy group at
rs10754557 with a nonsignificant difference between them.

Interestingly, the effect of NLRP3 SNPs on periodontitis
distribution was assessed by counting OR and it was found
2.852, 1.500, 1.033, and 1.122 for rs10925024, rs4612666,
rs34777555, and rs10754557, respectively.

The genetic analysis for NLRP3 SNPs in the present study
revealed the genotype and allele frequency in the studied

Fig. 5 Sanger sequencing analysis of the NLRP3 gene’s rs10754557 SNP. The G homozygous allele is shown by a single “G” peak. A homozygous
allele is shown by a single “A” peak. The “G” and “A” peaks are a sign of the G/A heterozygous allele. SNP, single nucleotide polymorphism.

Table 2 The HWE for studied groups in NLRP3 polymorphism

NLRP3 All groups Healthy Periodontitis

rs Genotype Observed Expected Observed Expected Observed Expected

10925024 C-C 49 49.2 22 21.1 27 28.5

C-T 38 37.6 8 9.8 30 27.1

T-T 7 7.2 2 1.1 5 6.5

HWE 0.009 1.030 0.711

p-Value 0.921 NS 0.309 NS 0.398 NS

4612666 T-T 7 6.9 3 3.4 4 3.6

T-C 37 37.2 15 14.1 22 22.7

C-C 50 49.9 14 14.4 36 35.6

HWE 0.0018 0.127 0.065

p-Value 0.965 NS 0.721 NS 0.797 NS

34777555 G-G 91 91.0 31 31.0 60 60.0

G-C 3 3.0 1 1.0 2 2.0

C-C 0 0.0 0 0.0 0 0.0

HWE 0.024 0.008 0.016

p-Value 0.875 NS 0.928 NS 0.897 NS

10754557 G-G 11 11.9 4 5.3 7 6.8

G-A 45 43.1 18 15.4 27 27.4

A-A 38 38.9 10 11.3 28 27.8

HWE 0.178 0.881 0.016

p-Value 0.672 NS 0.347 NS 0.898 NS

Abbreviations: A, adenine; C, cytosine; G, guanine; HWE, Hardy–Weinberg equilibrium; NLRP3, nod-like receptor pyrin domain-containing protein 3;
NS, p � 0.05 nonsignificant; rs, reference single nucleotide polymorphism; T, thymine.
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groups as shown in ►Table 5, the chi-square test showed a
nonsignificant difference in their distribution between stud-
ied groups at p-value� 0.5 for all SNPs, except for the C-C and
C-T genotypes of rs10925024 showed a significant difference.
In a more detailed description of the effect of genotype on
disease distribution, the study illustrates the effect of each
genotype of NLRP3 SNPs on disease distribution. It was found
that genotype C-T had a higher OR (2.813) than other
genotypes to develop the disease in rs10925024. While the
genotype T-T has a 1.378 chance to develop the disease in
comparison with the other genotypes located in the
rs10925024.

Moreover, for rs10925024, there was a high frequency of
theCallele in thehealthygroupthan in theperiodontitis,while
the periodontitis showed a higher T allele than that in the
healthy, conversely concerning rs4612666. On the other hand,
the frequency of the A allele was higher in the periodontitis
group than that in the healthy, while the healthy showed a
higher G allele than that in the periodontitis for rs10754557.
Finally, the frequency of G and C alleles in the control and
periodontitis groups for rs34777555 was equal.

Surprisingly, the present study found the T allele and C-T
genotype association with periodontitis (OR¼2.063, confi-
dence interval [CI]¼0.992–4.290, and relative reduction
[RR]¼1.720 and OR¼2.813, CI¼1.096–7.218, and RR
¼1.935, respectively) for rs10925024.

The analytic statistic in this study found a nonsignificant
association of NLRP3 SNPs with demographic and clinical
parameters in both periodontitis and control groups at a p-
value � 0.05. However, there was a significant (positive)
correlation between rs10925024 and CAL, as shown
in ►Table 6.

Concerning the correlation among SNPs of NLRP3, the
result showed a nonsignificant association at a p-value�0.05

in the studied groups between rs10925024 and rs34777555
aswell as between rs10754557 and rs34777555.While there
was a significant correlation among other SNPs of NLRP3, as
illustrated in ►Table 7.

Discussion

In the present investigation, NLRP3 polymorphisms were
discovered that may indicate higher genetic susceptibility to
periodontitis. This was supported by findings that the NLRP3
rs10925024was positively correlatedwith elevated CAL. The
current study, to the authors’ knowledge, is the first study to
investigate the relationship between genetic variation of
NLRP3 and periodontitis risk in an Iraqi Arab population.

Multiple variables, including genetics, influence the pro-
gression of periodontitis, which is a complex disease.21,22 As
a potential pathogenic factor for periodontal disease, SNP of
cytokines and inflammatory mediators have drawn more
attention in recent research.14,23

This research may contribute to the development of inno-
vative treatment andpreventive approaches aswell as a better
understandingof thepathophysiologyofperiodontitis.24Path-
ogenic bacteria in the tooth biofilm are responsible for the
onset and progression of periodontitis because they induce an
inflammatory immune reaction that causes tissuedamage in a
susceptible host.25,26 The pathogenic periodontal pockets
biofilm in conjunction with the host’s immune-inflammatory
reactions is known to interact in various ways to cause
periodontal disease. Members of the inflammasome family
including NLRP3 have a crucial role in immune responses in
periodontitis, which results in elevated IL-1β and IL-18 secre-
tion.6 The role of NLRP3 polymorphism and greater genetic
susceptibility to periodontitis revealed contradictions and
highlighted a knowledge gap in this field.14,27

Table 3 The types of NLRP3 SNPs in study groups

Types of SNPs Healthya Periodontitisa X2 p-Value

Transition 67 98.5% 148 98.7% 0.006 0.936 NS

Transversion 1 1.5% 2 1.3%

Total 3 1.4% 215 98.6%

Abbreviations: NLRP3, nod-like receptor pyrin domain-containing protein 3; NS, p� 0.05 nonsignificant; SNPs, single nucleotide polymorphisms; X2,
chi-square.
aNumber (%).

Table 4 The number of SNPs for NLRP3 in periodontitis patients and control samples

NLRP3 Healthya Periodontitisa OR (95% CI) X2 p-Value

rs10925024 10 31.3% 35 56.5% 2.852 (1.159–7.018) 5.372 0.020b

rs4612666 29 90.6% 58 93.5% 1.500 (0.315–7.152) 0.262 0.609 NS

rs34777555 1 3.1% 2 3.2% 1.033 (0.090–11.847) 0.001 0.979 NS

rs10754557 28 87.5% 55 88.7% 1.122 (0.303–4.160) 0.030 0.863 NS

Abbreviations: CI, confidence interval; NLRP3, nod-like receptor pyrin domain-containing protein 3; NS, p� 0.05 nonsignificant; OR, odds ratio; SNPs,
single nucleotide polymorphisms; X2, chi-square.
aNumber (%).
bSignificance level at p< 0.05.
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Advances for studying periodontal inflammation have
emerged with the development of the inflammasome con-
cept. PolymorphismofNLRP3 is one of themost studied SNPs

of all the inflammasomes in inflammatory and autoimmune
diseases; NLRP3 has been implicated as having a key role in
the pathogenesis of several diseases in the general

Table 5 Analytic statistics of the genotype and allele distribution of NLRP3 polymorphism

NLRP3 Genotype/
allele

Healthya Periodontitisa OR (95% CI) X2 p-Value RR

rs10925024 C-C 22 68.8% 27 43.5% 0.351 (0.143–0.863) 5.372 0.020a 0.633

C-T 8 25% 30 48.4% 2.813 (1.096–7.218) 4.793 0.029a 1.935

T-T 2 6.3% 5 8.1% 1.316 (0.241–7.191) 0.101 0.751 NS 1.290

C 52 81.3% 84 67.7% 0.485 (0.233–1.008) 3.849 0.050 NS 0.834

T 12 18.8% 40 32.3% 2.063 (0.992–4.290) 3.849 0.050 NS 1.720

rs4612666 T-T 3 9.4% 4 6.5% 0.667 (0.140–3.179) 0.262 0.609 NS 0.688

T-C 15 46.9% 22 35.5% 0.623 (0.262–1.484) 1.147 0.284 NS 0.757

C-C 14 43.8% 36 58.1% 1.780 (0.752–4.213) 1.737 0.188 NS 1.327

T 21 32.8% 30 24.2% 0.653 (0.336–1.270) 1.586 0.208 NS 0.737

C 43 67.2% 94 75.8% 1.530 (0.788–2.973) 1.586 0.208 NS 1.128

rs34777555 G-G 31 96.9% 60 96.8% 0.968 (0.084–11.09) 0.001 0.979 NS 0.999

G-C 1 3.1% 2 3.2% 1.033 (0.09–11.847) 0.001 0.979 NS 1.032

C-C 0 0.0% 0 0.0% – – – –

G 63 98.4% 122 98.4% 0.968 (0.086–10.88) 0.001 0.979 NS 0.999

C 1 1.6% 2 1.6% 1.033 (0.092–11.61) 0.001 0.979 NS 1.032

rs10754557 G-G 4 12.5% 7 11.3% 0.891 (0.240–3.302) 0.030 0.863 NS 0.903

G-A 18 56.3% 27 43.5% 0.600 (0.254–1.418) 1.365 0.243 NS 0.774

A-A 10 31.3% 28 45.2% 1.812 (0.737–4.454) 1.696 0.193 NS 1.445

G 26 40.6% 41 33.1% 0.722 (0.387–1.347) 1.052 0.305 NS 0.814

A 38 59.4% 83 66.9% 1.385 (0.742–2.584) 1.052 0.305 NS 1.127

Abbreviations: A, adenine; C, cytosine; CI, confidence interval; G, guanine; NLRP3, nod-like receptor pyrin domain-containing protein 3; NS, p� 0.05
nonsignificant; OR, odds ratio; RR, relative reduction; T, thymine; X2, chi-square.
aNumber (%).
aSignificance level at p< 0.05.

Table 6 Association of NLRP3 SNPs with demographic and clinical characteristics

Parameters rs10925024 rs4612666 rs34777555 rs10754557

r p-Value r p-value r p-Value r p-Value

Age 0.089 0.396 NS 0.036 0.729 NS 0.054 0.607 NS 0.122 0.242 NS

Tooth loss 0.111 0.287 NS 0.100 0.337 NS 0.027 0.793 NS 0.164 0.115 NS

Tooth mobile 0.030 0.773 NS 0.089 0.393 NS 0.088 0.400 NS 0.132 0.205 NS

Sex �0.023 0.827 NS 0.047 0.654 NS –0.150 0.150 NS –0.186 0.073 NS

Family history 0.162 0.118 NS 0.090 0.388 NS 0.069 0.506 NS 0.023 0.828 NS

PI 0.109 0.298 NS 0.088 0.400 NS 0.081 0.435 NS 0.201 0.052 NS

BOP 0.160 0.124 NS 0.115 0.269 NS 0.001 0.991 NS 0.031 0.767 NS

PPD 0.176 0.090 NS 0.016 0.880 NS –0.016 0.878 NS 0.039 0.706 NS

CAL 0.206 0.046a 0.063 0.546 NS 0.047 0.655 NS 0.002 0.985 NS

GR 0.143 0.168 NS 0.123 0.238 NS –0.075 0.471 NS 0.054 0.603 NS

Abbreviations: BOP, bleeding on probing; CAL, clinical attachment loss; GR, gingival recession; NLRP3, nod-like receptor pyrin domain-containing
protein 3; NS, p � 0.05 nonsignificant; PI, plaque index; PPD, probing pocket depth; r, Spearman’s rank correlation; SNPs, single nucleotide
polymorphisms.
aSignificance level at p< 0.05.
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population, including obesity, DM, rheumatoid arthritis,28,29

all of which are clinical diseases known for their association
with periodontitis.14,23,30,31

In our study, we detected a significant difference between
the examined groups of Iraqi subjects concerning the SNPs at
position rs10925024 of NLRP3. As a result, 35 SNPs were
found in the periodontitis cohort, while 10 SNPs were found
in the healthy. Thus, the current finding revealed a signifi-
cantly higher frequency of CTþTT genotypes of NLRP3 at
rs10925024was found in the periodontitis group accounting
for 56.5% in contrast to 31.3% in healthy controls and is
associated with an increased likelihood of having periodon-
titis compared with those with the CC genotype by (OR
¼2.852) times. On the other hand, allele frequencies in study
groups appear to bemore frequent in the periodontitis group
32.3% versus 18.8% in controls. The allele and genotype
frequencies complied with HWE. Unfortunately, there are
no available references to compare the result of NLRP3
rs10925024 with it.

The CT genotype at rs10925024 was significantly higher
in patients with periodontitis with a percentage of 48.4% as
comparedwith 25% in the healthy. In addition, we observed a
remarkable enhancement in the proportion of the T allele in
rs10925024 of periodontitis, whereas therewas a significant
drop in the proportion of the C allele at the same location.
This, in turn, increases the transcriptional activity of the
NLRP3 gene, and overexpression of cytokine and caspase,
which leads to an exacerbated inflammation pathway in the
periodontal tissue during the pathogenesis of the periodon-
tal disease and leads to bone loss.14,27,32 This is corroborated
by the significant association between NLRP3 polymorphism
and rising attachment loss.

Thus, it is biologically plausible that individuals with
NLRP3 polymorphisms have increased genetic susceptibility
to periodontitis due to increased cytokine production after
NLRP3 activation.32 The disparities in outcomes among
various races or particular ethnicities, however, might be
explained by the presence of distinct alleles responsible for
susceptibility to the same disease.

While there was a slightly higher frequency of TCþCC
genotypes of NLRP3 at rs4612666 in periodontitis which

accounts for 93.5 versus 90.6% in healthy controls and is
associated with an increased likelihood of having periodon-
titis comparedwith those with the TT genotype (OR¼1.500)
times. On the other hand, the frequency of the genotypes
(GCþCC) was higher in the periodontitis 3.2% than in the
healthy group 3.1% at rs34777555 with a nonsignificant
difference between them. In addition, there was a slightly
higher frequency of GAþ AA genotypes at rs10754557 in the
periodontitis 88.7% than in the healthy group 87.5% with a
nonsignificant difference between them. Thus, this study
found no association between the NLRP3 polymorphism at
positions rs4612666, rs34777555, and rs10754557 with
periodontitis. In this respect, some studies have also found
no relationship between these NLRP3 polymorphisms and
inflammatory conditions,33,34 although Isaza-Guzmán et al
reported an association between NLRP3 rs4612666 and
chronic periodontitis in the Colombian population35; how-
ever, this study was lacking the ethnicity of chronic peri-
odontitis patients and healthy controls, which may have
explained some confounding influence of population strati-
fication that could not be detected.

The results of a study on a Brazilian population indicated
the reverse pattern, with a greater frequency of the T-C
genotype in periodontitis patients. These findings were in
contrast to those of this study.32

The inconsistent findings in the literature may be attrib-
uted to sampling size, racial differences, case definitions of
studied groups (periodontal disease and health), and differ-
ent environmental and pathological factors that influence
the host response. As a result, the proportion of polymor-
phism in a particular genotype may vary between popula-
tions or racial groups.

Men have been thought to be more prone to periodontal
disease than women because of hormonal variables, poor
personal hygiene practices, and poor health prevention
behaviors, according to various research.36 In addition, age
is one of the confounding factors for periodontitis37; thus,
studied groups were matched with a nonsignificant differ-
ence in age and gender.

There were some limitations with the current study, it is
important to investigate other confounding factors such as
environmental and pathological that may contribute to or
amplify a specific genetic variant to understand howgenetics
affect complex diseases. Just for uniformity and to avoid bias,
other periodontal disease risk variables such as smoking,
diabetes, and obesity were excluded from this study. Despite
this, they may have an impact on the susceptibility to
periodontitis in the presence of different polymorphisms.
The genetic heterogeneity of periodontitis is an additional
limitation that prevents generalizing the findings. Moreover,
observational study results only provide an association, not
causality, which must be further evaluated through higher
evidence-based trials. Yet, this researchwas one of the few to
look into the genetic basis of periodontitis in the Iraqi Arabs
community with sufficient sample size and pilot study to
allow for multiple testing corrections, which prevented
many false-positive results associated with candidate gene
approach studies.

Table 7 Correlation of NLRP3 SNPs with each other

NLRP3 r p-Value

rs10925024 rs4612666 0.332 0.001a

rs34777555 �0.060 0.565 NS

rs10754557 0.228 0.027b

rs4612666 rs34777555 �0.217 0.035b

rs10754557 0.374 0.000c

rs34777555 rs10754557 �0.066 0.525 NS

Abbreviations: NLRP3, nod-like receptor pyrin domain-containing pro-
tein 3; NS, p� 0.05 nonsignificant; r, Spearman’s rank correlation; SNPs,
single nucleotide polymorphisms.
aSignificance level at p � 0.01.
bSignificance level at p< 0.05.
cSignificance level at p � 0.001.
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Future trends are required to identify the association of
periodontitis with genetic polymorphisms of other influen-
tial mediators (inflammation-associated molecules) such as
ILs and the Fc receptor, especially in a sufficient sample size
through higher evidence-based trials.

Conclusion

The present study concluded that NLRP3 SNPmay have a role
in periodontitis genetic susceptibility in the population.
Furthermore, the positive association between CAL and
rs10925024 NLRP3 polymorphisms suggested a possible
role in increasing the severity of periodontal disease. The
discovery of genetic markers for periodontitis susceptibility
will enable early detection of those at high risk and may
ultimately aid through personalized types of therapy. More
research will be needed to evaluate NLRP3’s contribution to
periodontitis in addition to other genetic, pathological, and
environmental risk factors because of its complicated regu-
latory system.

Conflicts of Interest
None declared

Acknowledgment
This research was self-funded.

References
1 Loos BG, Van Dyke TE. The role of inflammation and genetics in

periodontal disease. Periodontol 2000 2020;83(01):26–39
2 Laine ML, Crielaard W, Loos BG. Genetic susceptibility to peri-

odontitis. Periodontol 2000 2012;58(01):37–68
3 La Fata G, Weber P, Mohajeri MH. Probiotics and the gut immune

system: indirect regulation. Probiotics Antimicrob Proteins 2018;
10(01):11–21

4 Roberts FA, Darveau RP. Beneficial bacteria of the periodontium.
Periodontol 2000 2002;30:40–50

5 Platnich JM,MuruveDA. NOD-like receptors and inflammasomes:
a reviewof their canonical and non-canonical signaling pathways.
Arch Biochem Biophys 2019;670:4–14

6 Ding PH, Yang MX, Wang NN, et al. Porphyromonas gingivalis-
induced NLRP3 inflammasome activation and its downstream
interleukin-1β release depend on caspase-4. Front Microbiol
2020;11:1881

7 Fischer U, Jänicke RU, Schulze-Osthoff K. Many cuts to ruin: a
comprehensive update of caspase substrates. Cell Death Differ
2003;10(01):76–100

8 Rosenberg NA, Huang L, Jewett EM, Szpiech ZA, Jankovic I,
Boehnke M. Genome-wide association studies in diverse popu-
lations. Nat Rev Genet 2010;11(05):356–366

9 Benakanakere MR, Finoti L, Palioto DB, Teixeira HS, Kinane DF.
Epigenetics, inflammation, and periodontal disease. Current Oral
Health Reports 2019;6(01):37–46

10 Nibali L, Di Iorio A, Tu YK, Vieira AR. Host genetics role in the
pathogenesis of periodontal disease and caries. J Clin Periodontol
2017;44(Suppl 18):S52–S78

11 Yassin AH, Al-Kazaz AKA, Muhsin HA. Identification of genetic
mutations associatedwith autism in GABRB3 gene in Iraqi autistic
patients. Iraqi J Sci 2022;57(2B):1184–1191

12 Grigoriadis A, Koutounidou S, Räisänen I, ArsenakisM, Sakellari D.
Interaction between TCF7L2 rs7903146 genotype, HbA1c levels,

and the periodontal status of dental patients. Eur J Dent 2021;15
(03):495–501

13 Majeed MM, Ahmed I, Roome T, Fatima T, Amin R. Association
between interleukin-1β gene polymorphism and chronic peri-
odontitis. Eur J Dent 2021;15(04):702–706

14 Marchesan JT, GirnaryMS,Moss K, et al. Role of inflammasomes in
the pathogenesis of periodontal disease and therapeutics. Perio-
dontol 2000 2020;82(01):93–114

15 Lim JU, Lee JH, Kim JS, et al. Comparison of World Health
Organization and Asia-Pacific body mass index classifications in
COPD patients. Int J Chron Obstruct Pulmon Dis 2017;
12:2465–2475

16 Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: framework and proposal of a newclassification and
case definition. J Clin Periodontol 2018;45(Suppl 20):S149–S161

17 Chapple ILC, Mealey BL, Van Dyke TE, et al. Periodontal health and
gingival diseases and conditions on an intact and a reduced
periodontium: consensus report of workgroup 1 of the 2017
World Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions. J Periodontol 2018;89(Suppl 1):
S74–S84

18 Sharma SK, Mudgal SK, Thakur K, Gaur R. How to calculate sample
size for observational and experimental nursing research studies.
Natl J Physiol Pharm Pharmacol 2020;10(01):1–8

19 Ainamo J, Bay I. Problems and proposals for recording gingivitis
and plaque. Int Dent J 1975;25(04):229–235

20 O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J
Periodontol 1972;43(01):38

21 Armitage GC. Development of a classification system for peri-
odontal diseases and conditions. Ann Periodontol 1999;4(01):1–6

22 Dahash SA, Mahmood MS. Association of a genetic variant
(rs689466) of Cyclooxygenase-2 gene with chronic periodontitis
in a sample of Iraqi population. J Baghdad College Dent 2019;31
(04):40–45

23 Mahendra J, Rao AN, Mahendra L, et al. The expression of allele
changes in NLRP3 (rs35829419) and IL-1β (þ3954) gene poly-
morphisms in periodontitis and coronary artery disease. Materi-
als (Basel) 2021;14(17):5103

24 Hart TC, Kornman KS. Genetic factors in the pathogenesis of
periodontitis. Periodontol 2000 1997;14:202–215

25 Saliem SS, Bede SY, Cooper PR, Abdulkareem AA, Milward MR,
Abdullah BH. Pathogenesis of periodontitis - a potential role for
epithelial-mesenchymal transition. Jpn Dent Sci Rev 2022;
58:268–278

26 Maulani C, Auerkari EI, Masulili SLC, Kusdhany LS, Soeroso Y,
Soedarsono N. Interferon-gamma (IFNg) þ874A/T polymorphism
does not significantly affect the severity of periodontitis. Eur J
Dent 2022;16(02):327–332

27 Chen Y, Yang Q, Lv C, et al. NLRP3 regulates alveolar bone loss in
ligature-induced periodontitis by promoting osteoclastic differ-
entiation. Cell Prolif 2021;54(02):e12973

28 Guo H, Callaway JB, Ting JP. Inflammasomes: mechanism of
action, role in disease, and therapeutics. Nat Med 2015;21(07):
677–687

29 Strowig T, Henao-Mejia J, Elinav E, Flavell R. Inflammasomes in
health and disease. Nature 2012;481(7381):278–286

30 Ibraheem LM, Ahmmad BZ, Dhafer AM, Dhafer JM. Effect of
diabetes mellitus on periodontal health status, salivary flow
rate and salivary pH in patients with chronic periodontitis. J
Baghdad College Dent 2020;32(02):12–16

31 García-Hernández AL, Muñoz-Saavedra ÁE, González-Alva P, et al.
Upregulation of proteins of the NLRP3 inflammasome in patients
with periodontitis and uncontrolled type 2 diabetes. Oral Dis
2019;25(02):596–608

32 de Alencar JB, Zacarias JMV, Tsuneto PY, et al. Influence of
inflammasome NLRP3, and IL1B and IL2 gene polymorphisms
in periodontitis susceptibility. PLoS One 2020;15(01):e0227905

European Journal of Dentistry Vol. 17 No. 4/2023 © 2023. The Author(s).

NLRP3 Gene Polymorphisms in Periodontitis Mahmood, Abbas 1347



33 Bidoki AZ, Harsini S, Sadr M, et al. NLRP3 gene polymorphisms in
Iranian patients with recurrent aphthous stomatitis. J Oral Pathol
Med 2016;45(02):136–140

34 Deng J, Lin W, Chen Y, et al. rs3806268 of NLRP3 gene polymor-
phism is associated with the development of primary gout. Int J
Clin Exp Pathol 2015;8(10):13747–13752

35 Isaza-Guzmán DM, Hernández-Viana M, Bonilla-León DM, Hur-
tado-Cadavid MC, Tobón-Arroyave SI. Determination of NLRP3

(rs4612666) and IL-1B (rs1143634) genetic polymorphisms in
periodontally diseased and healthy subjects. Arch Oral Biol 2016;
65:44–51

36 Taneja V. Sex hormones determine immune response. Front
Immunol 2018;9:1931

37 Abbas MJ, Albaaj FSO, Hussein HM, Mahmood AA. Importance of
preventive dentistry in the elderly: a personal approach. Dent Res
J (Isfahan) 2022;19:11

European Journal of Dentistry Vol. 17 No. 4/2023 © 2023. The Author(s).

NLRP3 Gene Polymorphisms in Periodontitis Mahmood, Abbas1348


