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Abstract

Background: Periodontitis, an inflammatory disease, is caused by oral biofilm, and several risk factors propagate it. Smoking 
is a significant risk factor that increases the severity of the disease. Arylamine N-acetyltransferase 2 (NAT2) enzyme pres-
ent in the liver detoxify the smoke contents and renders it non-toxic to the tissues. The gene polymorphism of the NAT2 
enzyme has been associated with various inflammatory diseases, including cancer.
Objectives: The current study aimed to investigate the association between NAT2 gene polymorphism at loci 341C/T in 
smokers with periodontitis in the ethnic Tamil population of South India.
Materials and Methods: The study had three groups, comprising smokers with healthy periodontium as the control group, 
smokers with periodontitis as the test group 1, and non-smokers with periodontitis as the test group 2. A total of 150 sub-
jects were recruited, with 50 participants in each group. Periodontal parameters like clinical attachment loss (CAL), probing 
pocket depth (PPD), plaque index (PlI), and modified sulcus bleeding index (mSBI) were evaluated. Blood samples from the 
participants were collected and subjected to deoxyribonucleic acid (DNA) extraction, polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) assay to evaluate NAT2 gene polymorphism at the 341C/T site.
Results: The distribution of heterozygous genotype CT was slightly higher in the periodontitis group comprising smokers 
(62%) compared to other study groups. However, it was not statistically significant. The test groups 1 and 2 demonstrated 
an odds ratio of around 1.78 and 1.6, respectively, for the heterozygous genotype.
Conclusion: It can be concluded from the study that NAT2 gene polymorphism at the 341C/T site was not associated with 
periodontitis, irrespective of the smoking habit in the ethnic Tamil South Indian population.

Keywords

Arylamine N-acetyltransferase, gene polymorphism, periodontitis, smoking

Original Research Article

Corresponding author:
Sangeetha Subramanian, Department of Periodontics, SRM Dental College, 
Ramapuram Bharathi Salai, Chennai, Tamil Nadu 600089, India.
E-mail: sangeetha_doc@yahoo.com

Introduction

Smoking is one of the salient environmental risk factors for 
periodontitis, an immunoinflammatory disease.1 The disease is 
also remarkably dysregulated by genetic factors, which affect 
its occurrence and course.2,3 The interrelationship of environ-
mental and genetic factors in the field of periodontics has not 
been explored greatly. These factors could act synergistically in 
predisposing individuals to periodontitis.4 N-acetyltransferase 
2 (NAT2) is a phase 2 enzyme expressed in the liver, and its 
main function is to acetylate the smoke contents. Acetylation of 
smoke constituents is crucial for the detoxification of heterocy-
clic and aromatic amines found in the smoke. The NAT2 gene, 

situated on the short arm of chromosome 8, encodes the NAT2 
enzyme.5 NAT2 gene possesses highly variable sites and is 
comprised of a single intronless exon of 870 base pairs and 
encodes 290 amino acids.6 Individuals are characterized as 
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fast, intermediate, or slow acetylators based on the acetylation 
capacity of NAT2 enzyme.7

In the coding region of the NAT2 gene, there are some 
common sites that mark for single-nucleotide polymorphism, 
and they are 282C/T, 341T/C, 481C/T, 590G/A, 803A/G, and 
857G/A.8 Based on scientific literature, NAT2 gene polymor-
phism is positively associated with different forms of cancer 
and inflammatory diseases like diabetes and inflammatory 
bowel disease.9–11 Therefore, it can be hypothesized that this 
polymorphism can pose a potential risk factor for the inflam-
matory disease, periodontitis. Although there are a small 
number of studies performed in the Caucasian population that 
investigated the relationship between NAT2 gene polymor-
phism and periodontitis, the results were inconsistent, neces-
sitating the need for additional studies in diverse 
populations.12,13 Slow acetylator genotypes were found to be 
predominant among the ethnic populations of South India at 
around 74%.14 Nevertheless, in most of the research, smokers 
with the given polymorphism were more affected by cancer 
and other diseases than non-smokers. This gives an insight 
into the importance of gene-environment interactions in the 
development of inflammatory diseases like periodontitis. The 
combined effect of genetic factors and environmental expo-
sures might result in a much higher risk of severe periodonti-
tis than either factor alone. On that account, it is better to 
include smokers while studying the effects of the NAT2 gene 
polymorphism on periodontitis.

The 341 C/T SNP in the NAT2 gene is a well-character-
ized variant that alters the profile of the protein by changing 
isoleucine to threonine at amino acid 114. It was known to 
significantly affect the enzyme’s acetylation activity and has 
been implicated in various diseases. The site 341T/C has also 
been identified by biocomputational tools like sorting intoler-
ant from tolerant (SIFT) and Polyphen 2 as one of the delete-
rious sites in the NAT2 gene, and hence it seemed to be 
relevant to assess this locus of the NAT2 gene for its associa-
tion with periodontitis. The rationale of this investigation was 
to understand the synergistic effect of environmental and 
genetic factors in the predisposition of the subjects to peri-
odontitis. Hence, the present study aims to assess the associa-
tion of NAT2 SNPs at loci 341T/C in smokers with 
periodontitis in the ethnic Tamil population of South India.

Materials and Methods

Ethical Clearance and Patient Recruitment

The study proposal was approved by the Institutional 
Scientific and Ethical Review Board, and the ethical clear-
ance number is SRMDC/IRB/2019/PhD/No.117. The study 
was designed as a case-control study with three study groups 
consisting of 150 participants. Patients who reported to the 
Outpatient Department of Periodontics were enrolled for the 
study, with 50 subjects in each group.

The control group enrolled smokers with healthy peri-
odontium with probing sulcus depth of <3 mm without attach-
ment loss. The test groups 1 and 2 included generalized 
periodontitis stages II/III patients who exhibited probing 
pocket depth (PPD) ≥5 mm and/or clinical attachment loss 
(CAL) ≥3 mm in >30% of the sites (2017 World Workshop on 
the classification of periodontal and peri-implant diseases and 
conditions). Smokers with periodontitis were categorized into 
test group 1, and the periodontitis patients without a smoking 
habit were allotted to test group 2.

Inclusion and Exclusion Criteria

Systemically healthy ethnic Tamilian male subjects in the age 
range of 30–65 years were considered for the study. Smokers 
with a history of smoking for at least more than 2-year were 
taken into the study. Subjects were excluded if they presented 
with a history of diabetes mellitus, rheumatoid arthritis, or 
immunodeficiency disorders to avoid confounding effects; 
subjects who had received periodontal therapy within the last 
6 months or used anti-biotics for the past 3 months were also 
not included in the study.

Participant Recruitment into Study Groups

Participants who satisfied the eligibility criteria were regis-
tered for the study. The participants were informed about the 
nature of the study, including the genetic analysis of blood 
samples. An informed consent form was obtained from all the 
participants, and they were assigned to the respective groups.

Clinical Evaluation of the Subjects

The demographic details of the study participants were 
recorded, which included their ethnicity, racial background, 
and mother tongue. A brief medical and dental history, along 
with smoking status, were assessed. The PPD and CAL were 
measured using the periodontal probe to determine periodon-
tal diagnosis. Modified sulcus bleeding index (mSBI) by 
Mombelli 1987,15 plaque index (PlI)16 was also evaluated. A 
single trained investigator was utilized to assess all the clini-
cal parameters.

Sample Collection and Genomic Deoxyribonucleic 
Acid (DNA) Extraction

From each participant, 2 mL of venous blood was obtained 
through venepuncture, which was transferred into an ethyl-
ene-diamine-tetra-acetic acid (EDTA) coated vacutainer. The 
samples were stored at −80°C in a deep freeze refrigerator 
until processing. The isolation of DNA from peripheral leu-
kocytes was performed using PureLink™ Genomic Mini Kit. 
The quantity and purity of the eluted DNA were examined 
with Nanodrop Plus at A260/280.



294	 Journal of Pharmacology and Pharmacotherapeutics 17(2)

Polymerase Chain Reaction—Restriction Fragment 
Length Polymorphism Analysis

The samples were subjected to polymerase chain reaction–
restriction fragment length polymorphism assay to analyze the 
341C/T site. The primers used were Forward 5′-CCTTAA 
CATGCATTGTGGGCAAGC-3′ and 5′-CTGATCCTTCCC 
AGAAATTAATTCT-3′ as reverse. The PCR was performed in 
20 μL containing 50 ng of genomic DNA, 5 pmol/μL of each 
primer, and PCR master mix (Takara, Shiga, Japan). PCR is car-
ried out in a thermal cycler that includes an initial denaturation 
at 95°C for 5 min, followed by 39 cycles of denaturation at 
95°C for 35 s, primer annealing at 64°C for 35 s, extension at 
72°C for 35 s and a final extension at 72°C for 5 min. The 
Amplicon size of PCR was 313 bp. The amplified PCR product 
was checked on a 1% agarose gel by electrophoresis. The ampli-
fied NAT2 PCR product was subjected to digestion using the 
restriction endonuclease Dde1 (New England Biolabs, UK) at 
37°C for 1 h. The digested product was electrophoresed in 2% 
agarose with 0.5 μg/mL ethidium bromide and photographed 
using a gel documentation system (Figure 1). The digested 
products observed were genotypes CC-313 bp, CT-313+276+37 
bp, and TT-276+37 bp.

To ensure the reproducibility of the RFLP results, dupli-
cate samples were randomly selected, with 10% of the total 
population re-genotyped. All duplicates demonstrated 100% 
concordance. Genotyping accuracy was further maintained 
by including both positive and negative controls for each 
genotype and by verifying complete enzyme digestion to pre-
vent misinterpretation of the results.

Statistical Analysis

The statistical test ANOVA was applied to analyze the age 
and clinical parameters like PlI, mSBI, CAL, and PPD. The 
pack year for the control and test group 1 was assessed by an 
independent t-test. The chi-squared test was used to analyze 
the variations in the frequency of genotypes and distribution 
between the study groups. Similarly, the allele frequency and 
distribution between the control and test groups were evalu-
ated by using the chi-squared test. The strength of association 
between the genotypes, alleles, and periodontitis was deter-
mined using odds ratio (OR). A p value less than .05 is con-
sidered to be statistically significant.

Results

It was found that the study groups did not demonstrate sig-
nificant differences with regard to age (p = .06). However, the 
intergroup comparison of clinical parameters showed that 
there were significant differences between the control and the 
test groups (p < .001). It was noted that the pack year also 
revealed significant differences between the control group 
and test group 1 (p < .001) (Table 1).

Table 2 depicts the distribution of genotypes CC, CT, TT 
and C, T alleles of NAT2 341C/T site in the study groups. The 
frequency of the genotypes CC, CT, and TT of the control 
groups were 10%, 58%, and 32%, respectively, and that of test 
group 1 was 6%, 62%, and 32%. These values were 6%, 56%, 
and 38%, respectively, in test group 2. The C allele is around 

Figure 1. Agarose Gel Electrophoretogram Showing DdeI Digested Amplicon of NAT2 Gene: Homozygous: TT-276+37 bp; 
Heterozygous: TC-313+276+37 bp; Homozygous: CC-313 bp [Lane M = 100 bp DNA Marker].

Note: NAT2, N-acetyltransferase 2.
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39% in the control group and 37% and 34% in the test groups 
1 and 2, respectively; whereas the T allele is 61% in the control 
group and around 63% and 66% in the test groups 1 and 2, 
respectively. The genotype and allele distribution did not show 
significant differences between the control and test groups.

The risk of association of the given genotypes with peri-
odontitis was estimated using the odds ratio. The odds ratio 
for genotype CT in test group 1 was 1.78, with a p value of 
.45; for test group 2, it was 1.6, with a p value of .54; whereas 

for genotype TT, the odds ratio was 1.66 and 1.97 for test 
groups 1 and 2, respectively. The odds ratio for the allele T is 
1.08 for test group 1 and 1.24 for test group 2, with a p value 
of .77 and .46, respectively (Table 3).

Table 4 represents Hardy–Weinberg equilibrium for geno-
types. The expected numbers of the genotypes CC, CT, and 
TT were derived from the observed numbers. The Pearson 
chi-square value is 10.38, and the p value is <.001 with 1 
degree of freedom.

Table 3. Analysis of Association and Risk Based on Genotype and Allele Distribution.

NAT2 341C/T Test Group 1 Versus Control Test Group 2 Versus Control

CC versus CT

Odds ratio
95% CI (LB-UB)
p value

1.78
0.390–8.132

.4560

1.60
0.3510–7.3773

.540

CC versus TT

Odds ratio
95% CI (LB-UB)
p value

1.66
0.3398–8.175

.529

1.97
0.408–9.592

.396

C allele versus T allele

Odds ratio
95% CI (LB-UB)
p value

1.08
0.6149–1.927

.77

1.24
0.697–2.209

.463

Notes: p < .05—Statistically significant. CI, confidence interval; LB, lower bound; UB, upper bound.

Table 1. Baseline Characteristics of the Study Groups.

Variables Control Group (n = 50) Test Group 1 (n = 50) Test Group 2 (n = 50) p Value

Age (years) 39.3 ± 9.78 43.56 ± 9.71 43.06 ± 10.07 .06

PPD (mm) 2.63 ± 0.781 6.18 ± 0.95 5.72 ± 0.67 <.001

CAL (mm) 0 3.05 ± 1.15 3.38 ± 0.49 <.001

PlI 0.2 ± 0.1 2.03 ± 0.43 1.07 ± 0.06 <.001

mSBI 0.28 ± 0.17 1.8 ± 0.48 1.92 ± 0.41 <.001

Pack years 1.84 ± 1.55 3.18 ± 2.32 – <.001

Notes: The variables were presented as mean and standard deviation. *p < .001 is highly significant. CAL, clinical attachment loss; mSBI, modified sulcular 
bleeding index; PlI, plaque index; PPD, probing pocket depth.

Table 2. Genotype and Allele Distribution for NAT2 341C/T Polymorphism.

Genotypes

Control Group 
(n = 50)
n (%)

Test Group 1 
(n = 50)
n (%)

Test Group 2 
(n = 50)
n (%)

Total 
(n = 150)
n (%)

Pearson Chi-squared 
Test

p Value

CC 5 (10) 3 (6) 3(6) 11(7.33) χ2 = 1.23
p value = .87

(NS)
CT 29 (58) 31 (62) 28 (56) 88 (58.66)

TT 16 (32) 16 (32) 19 (38) 51 (34)

Alleles

C 39 (39) 37 (37) 34 (34) 110 (36.66) χ2 = 0.54
p value = .76

(NS)
T 61 (61) 63 (63) 66 (66) 190 (63.33)

Note: χ2, chi-square; NS, non-significant.
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Discussion

The immuno-inflammatory disease periodontitis, caused by 
the dysbiosis of the periodontal pathogen, is propagated by 
several risk factors.17,18 The disease severity is enhanced if 
there is more than one risk factor, for instance, the presence of 
smoking and any other genetic factor associated with it.19 In 
recent times, the interaction of risk factors like genetic varia-
tions and environmental factors in chronic diseases has been 
given marked importance.20,21 The combined effect of genetic 
and environmental factors might be influential in determining 
the outcome of periodontal disease. NAT2 is one of the prime 
enzymes that function to detoxify the smoke constituents. 
Hence, it is relevant to evaluate the association of NAT2 gene 
polymorphism in periodontitis, particularly in smokers.

The NAT2 gene polymorphism at loci 341T/C has been 
assessed in the study, which included periodontitis patients 
with and without smoking habits. This study was performed 
to better comprehend the effect of NAT2 gene polymorphism 
in smokers with periodontitis. Females were not considered 
for the study due to prevailing social stigma in the country 
associated with disclosing smoking habits, and this might 
affect the reliability of the study results.

It was found from the results that the frequency of the 
homozygous CC did not differ greatly between the study 
groups. The distribution of CC was 10% in the control group 
and 6% in both the test groups. Similarly, the heterozygous 
CT was slightly higher in test group 1, to about 62% com-
pared to the control group (58%) and test group 2 (56%). The 
homozygous variant genotype TT was marginally elevated in 
the test group 2 to about 38% compared to the control group 
and the test group (32%). The distribution of variant allele T 
is increased in test group 2 (66%) in comparison with test 
group 1 (63%) and the control group (61%).

It was quite obvious from the results obtained that although 
the CC genotype and C allele were elevated in the control 
group, they did not demonstrate significant differences 
between the study groups. Similarly, the frequency of variant 
genotype CT and TT is higher in the test groups 1 and 2, 
respectively. However, significant differences could not be 
exhibited between the study groups.

There are only a few studies available that studied the 
association of NAT2 gene polymorphism and periodontal dis-
ease. The first-ever study that investigated the association of 
NAT gene polymorphism with periodontitis was done by 
Meisel et al. in 2000. The Caucasian population was involved, 

and periodontal parameters were assessed. A questionnaire 
was employed to assess the smoking status of the partici-
pants. It was observed that slow acetylators of the NAT2 gene 
polymorphism were more prone to develop periodontitis, and 
the smoking habit increased the risk of periodontitis.12 This 
study differed from the present study in its design and did not 
group smokers and non-smokers. The author concluded that 
the extent and severity of periodontal disease were influenced 
by NAT2 gene polymorphism.

A cross-sectional survey by Kocher et al. investigated the 
link between NAT2 polymorphism and periodontal disease. 
One hundred and fifty-six Caucasians who were treated for 
periodontitis were genotyped for NAT2 polymorphism. Both 
smokers and non-smokers were included, and the smoking 
history was self-declared by the patient. The authors reported 
that polymorphism in the NAT2 gene was significantly asso-
ciated with periodontal bone loss. The results indicated that 
the slow acetylator phenotype of the NAT2 gene could be 
linked to an increased susceptibility to periodontitis.13

Another study by Meisel examined the Pomeranian popu-
lation for NAT2 polymorphism. It was observed that pheno-
typically rapid acetylators who were smokers exhibited a 
higher prevalence of periodontal disease than non-smokers. 
The study revealed that the polymorphically expressed NAT2 
genes make the subjects susceptible to periodontitis, particu-
larly if they were smokers.22

The above-listed studies were the only notable studies avail-
able that considered the association of NAT2 polymorphism 
with periodontitis. The odds ratio for the variant genotype CT 
and TT for both the periodontitis groups is around 1.6–1.9 in 
our study, which was not significant. It was observed that there 
was no association between NAT2 polymorphism at site 
341C/T and periodontitis, even in smoking subjects. Hardy–
Weinberg equilibrium analysis of the study groups suggested 
the distribution of genotypes to be in harmony (χ2 = 10.38, 
p < .001), which indicated the occurrence of genotype and 
allele frequencies to be constant from generation to generation 
in an infinitely large interbreeding population.23

The study results were not commensurate with the other 
studies mentioned above, which have shown a positive asso-
ciation of NAT2 polymorphism with periodontitis. This may 
be ascribed to the differences in the study design, analyzed 
populations, number of cigarettes smoked, and staging of 
periodontitis. Different populations exhibit varying allele fre-
quencies as a result of evolutionary processes, historical 
migration patterns, and the influence of natural selection. In 
gene-environment interaction, the link between a genetic fac-
tor and a specific disease is often influenced by environmen-
tal factors like smoking, and similarly, the impact of the 
environment can depend on the individual’s genetic makeup. 
The locus analyzed and the degree of environmental exposure 
may vary across populations, which could explain the differ-
ences or inconsistencies observed between them.

Nevertheless, there were variations in the results obtained on 
the influence of NAT2 polymorphism and the development of 

Table 4. Hardy–Weinberg Equilibrium for Genotypes.

Genotypes Expected Observed

CC 20.16 11

CT 69.66 88

TT 60.16 51

Note: Pearson chi-square = 10.38; p < .001 with 1 degree of freedom.
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cancers in different ethnic groups. In studies that examined the 
association between NAT2 genotype variants and oral cancer, 
contrasting findings have emerged across various ethnic popu-
lations within India. For instance, a study involving the South 
Indian population reported a negative association between the 
susceptibility to oral cancer and NAT2 genotype variants,24 
whereas in the North Indian population, NAT2 polymorphism 
contributed to a higher risk of oral leukoplakia and cancer.25

There are multitudinous scientific literatures available that 
assessed the relationship of NAT2 gene polymorphism with 
various carcinomas like head and neck cancer, esophageal 
cancer, bladder cancer, breast cancer, acute lymphoblastic 
leukemia, and so on, in different ethnic populations.26–31 The 
reports suggested that the influence and association of NAT2 
gene polymorphism with different types of cancer varied 
across different ethnicities.

Hence, the identification of underlying genes in geneti-
cally diverse populations is important to analyze complex 
multifactorial diseases like periodontitis.32 India is a country 
with ethnically diverse populations, and there are differences 
in the prevalence of NAT2 alleles even between the North and 
South Indian populations. In our study, the Tamil ethnic South 
Indian population were recruited for genetic analysis. We 
were unable to compare our findings with other Indian ethnic 
groups due to the lack of association studies on NAT2 gene 
variations and periodontitis.

Patients need to be educated about the genetic predisposi-
tion and environmental factors, and how it has an impact on 
the development of various diseases. The sample size was 
small, which could be a limitation of the study, and larger 
sample sizes are preferable for association studies. Excluding 
females from the study limits external validity by making the 
findings less applicable to women. Adopting a more inclusive 
approach that ethically and sensitively involves female par-
ticipants would enhance the external validity of the research.

Future studies should consider populations with specific 
ethnic diversity and consider heavy smokers to determine the 
gene-environment interaction appropriately in periodontal 
diseases. The findings of this study were preliminary and 
necessitate larger, well-designed case-control studies includ-
ing other SNPs of the NAT 2 gene.

Conclusion

The variant genotypes CT and TT of the NAT2 gene at 
341C/T were not associated with periodontitis in the study 
population. Given the limitations of our study, it can be con-
cluded that the NAT2 gene polymorphism at 341C/T was not 
associated with periodontitis patients, even in smokers in the 
ethnic Tamil South Indian population.
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