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Abstract Objectives: Periodontitis is an infectious disorder that leads to irreversible loss of the

surrounding attachment and bone destruction. Genetic polymorphism of cytokines has been sug-

gested to play a role in periodontitis. This case-control study aimed to investigate the relationship

between periodontitis and two single nucleotide polymorphisms (SNPs): rs1800629 (-308 G/A) and

rs1799964 (-1031 T/C), in the TNF-a gene promoter area.

Materials and methods: Peripheral blood was used to prepare genomic DNA from 60 subjects

with stage II to stage III periodontitis, as along with 65 control subjects. Polymerase chain reaction

and restriction endonuclease digestion were used to genotype TNF-a SNPs.

Results: The distribution of both genotypes and alleles of TNF-a (-308 G/A) polymorphism did

not vary between periodontitis subjects and the controls (P> 0.05). However, the CT genotype and

C allele of the TNF-a (-1031 T/C) polymorphism were observed more frequently in the periodon-

titis subjects than in the controls, while the TT genotype and the T allele were more predominant in

the control subjects than in the periodontitis patients (OR: 3.149; 95% CI: 1.494–6.639; P = 0.002

and OR: 2.933; 95% CI: 1.413–6.090; P = 0.003, sequentially).

Conclusion: The TNF-a (-308 G/A) polymorphism potentially has no correlation with periodon-

titis susceptibility, whereas the TNF-a (-1031) CT genotype and C allele might be related to peri-

odontitis among Saudi subjects.
� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Periodontitis is a common inflammatory condition caused by
pathogenic microorganisms that activate the host immunoin-
flammatory response (Van Dyke and van Winkelhoff, 2013).

In addition, other risk factors including immunological, envi-
ronmental, and genetic factors have been implicated in the
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pathogenesis of periodontitis and have been reported to boost
the patient’s susceptibility to periodontal disease (Ronderos
and Ryder, 2000; Van Dyke and Sheilesh, 2005; Kornman,

2008). In response to periodontal pathogenic attack, inflam-
matory cells release mediators such as metalloproteinases, pro-
teolytic enzymes, and cytokines that are responsible for

connective tissue damage, alveolar bone loss, and ultimately
tooth loss (Cekici et al., 2014).

A variety of inflammatory mediators such as interleukins,

TNF-a and matrix metalloproteinases have been reported to
be upregulated in the periodontal tissue during periodontal
disease (Heidari et al., 2019). Special precedence was given to
the genetic perspectives of immunoinflammatory reactions,

involving the implication of gene variations that encode the
formation of inflammatory mediators and susceptibility to
periodontitis (Schenkein, 2002).

TNF was first recognized as a tumor necrotizing substance.
In addition to inducing cell death, TNF plays a pivotal role in
pro-inflammatory and cellular communication (Pan et al.,

2019). Historically, TNF was initially identified in 1984, when
two cytotoxic factors were isolated: one derived from macro-
phages named TNF, and the other derived from lymphocytes

named lymphotoxin. Both TNF and lymphotoxin exhibited
50% sequence homology in the amino acid sequences and bind
to the same receptor; they are called TNF-a and TNF-b,
respectively (Aggarwal et al., 2012). Previous studies have doc-

umented the involvement of the TNF superfamily in several
biological processes including inflammation, apoptosis, prolif-
eration, invasion, angiogenesis, metastasis, and morphogenesis

(Aggarwal, 2003).
TNF has been reported to participate in bone metabolism.

Although TNF does not directly stimulate osteoclast differen-

tiation, it catalyzes the expression of receptor activator of
nuclear factor jB ligand in osteoblastic precursors (Walsh
and Choi, 2014). Moreover, TNF also reduces the expression

of osterix and runt-related transcription factor 2 in osteoblasts
(Osta et al., 2014; Algate et al., 2016). Therefore, these conclu-
sions suggest that TNF triggers bone destruction by stimulat-
ing osteoclastic activity and decreasing osteoblastic activity.

TNF has been shown to be involved in periodontitis pathogen-
esis (Deo and Bhongade, 2010), wherein TNF levels were
increased in the GCF and serum of patients with chronic peri-

odontitis (Górska et al., 2003; Madureira et al., 2018). Interest-
ingly, it has been reported that TNF induces apoptosis in
gingival epithelial cell as well as fibroblast and blocks gingival

fibroblastic extracellular matrix production (Arancibia et al.,
2013; Basso et al., 2016).

In recent years, single nucleotide polymorphisms (SNPs)
and their association with disease susceptibility have been

widely studied with great interest. SNPs are considered a suit-
able tool for identifying genetic factors associated with peri-
odontal disease initiation and progression (Tarannum and

Faizuddin, 2012). Several polymorphisms within TNF-a
promoter area including (-308 G/A), (-1031 T/C), (-857 C/T),
(-238 G/A), and (-376 G/A) have been identified and studied

in various populations. Some of these SNPs were found to
be associated with periodontitis, while others were not (Kato
et al., 1999; Craandijk et al., 2002; Soga et al., 2003; Ho

et al., 2015; Majumder et al., 2018).
The most frequently studied TNF-a gene polymorphisms

were (-308 G/A) and (-1031 T/C) which have not been exam-
ined previously in the Saudi population with periodontitis.
Therefore, this case-control study aimed to examine TNF-a
gene polymorphisms in a sample of a Saudi population with

periodontitis, in comparison to a sample of healthy
individuals.

2. Methods

2.1. Study subjects

A total of 125 Saudi subjects (60 unrelated systemically healthy
subjects with stage II or stage III periodontitis, constituting the

majority of our periodontally checked patients, and 65 healthy
controls) were selected from the dental teaching hospital, Fac-
ulty of Dentistry at Umm AL-Qura University, Saudi Arabia.

The research was conducted in the research laboratory, Fac-
ulty of Dentistry, Umm AL-Qura University, Saudi Arabia.
Ethical approval was obtained from the Institutional Review
Board of Umm Al Qura University, Makkah, Saudi Arabia.

Furthermore, signed informed consent was obtained from all
participants prior to their enrolment in the study. The controls
were periodontally healthy and free from any systemic ail-

ments. Age and gender were matched in both groups, apart
from also ensuring that subjects possessed at least 20 teeth.
Individuals with systemic diseases, lactation, pregnancy,

orthodontic treatment, immunodeficiency diseases, chemother-
apy, and smoking were excluded from this study. The sample
size of 125 participants was calculated with 80% power and

5% alpha error using the Raosoft software, according to a pre-
vious study (Menezes and Colombo, 2008).

2.2. Clinical examination

The periodontal condition of all subjects was assessed by
skilled investigators using the following parameters: plaque
index (PI), probing depth (PD), bleeding on probing (BOP),

and attachment loss (CAL) (Ramfjord et al., 1968; O’Leary
et al., 1972; Ainamo and Bay, 1975). Subjects with BOP,
CAL � 3 mm, PD � 5 mm, and bone loss � 20% on radio-

graphic assessment were included in this investigation. A
recent published report was used to characterize periodontitis
(Tonetti et al., 2018).

2.3. DNA preparation

Peripheral venous blood was collected from all participants in
tri-potassium ethylene diamine tetraacetate coated tubes and

subsequently used for DNA preparation utilizing a salable
kit (Qiagen, Germany). Polymerase chain reaction (PCR)
was carried out utilizing the purified DNA.

2.4. Genotyping of tumor necrosis factor alpha

A 25 lL PCR mixture containing 100 ng of purified DNA and

2 �master mix (Thermo Fisher Scientific, Inc., USA) was used
for PCR amplification. For TNF-a (-308 G/A) (rs1800629)
genotyping, PCR was carried out as described previously
(Guzmán-Flores et al., 2011). The primers used were:

50- AGG CAA TAG GTT TTG AGG GCC AT -30 and
50- TCC TCC CTG CTC CGA TTC CG -30. The PCR cycling
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conditions consisted of one step at 94 �C for 3 min, 60 �C for
1 min, and 72 �C for 1 min; then 35 cycles of 1 min at 94 �C,
1 min at 60 �C, and 2 min at 72 �C; and a terminal step of

1 min at 94 �C, 1 min at 60 �C, and 5 min at 72 �C. The
PCR product was cut with NcoI (Thermo Fisher Scientific,
Inc., MA, USA) according to supplier directives, separated

on a 3.5% agarose gel, and visualized by UV light. The size
of the final PCR fragment so obtained was 107 bp. Restriction
cutting of the GG genotype yielded 80 and 27 bp fragments,

while the AA genotype produced a 107 bp fragment (Fig. 1).
With regard to the TNF-a (-1031 T/C) (rs1799964) poly-

morphism, PCR was performed as previously described (Yun
et al., 2011). Primers used were: 50-TAT GTG ATG GAC

TCA CCA GG -30 and 30- CCT CTA CAT GGC CCT GTC
TT -30. The PCR conditions were as follows: initial step at
96 �C for 5 min; then 30 cycles of 94 �C for 30 s, 63 �C for

40 s, and 72 �C for 1 min; and a terminal step at 72 �C for
10 min. The amplified PCR fragment size was 264 bp. Ten
lL PCR product were cut with 1 lL BbsI (Thermo Fisher Sci-

entific) at 37 �C for 14 h and separated on a 2% agarose gel.
The TT genotype yielded two bands of 251 and 13 base pairs,
while the CC genotype produced three bands of 80, 71, and 13

base pairs each (Fig. 1).

2.5. Data analysis

Data analysis was carried out using SPSS version 21. Contin-

uous variables were assessed using an independent t-test,
whereas categorical data were assessed using the Chi-square
Fig. 1 Agarose electrophoresis of TNF -308 and -1031

genotypes. The 264 bp PCR products of the TNF gene were

digested with NcoI (A) and BbsI (B) restriction enzymes, followed

by their resolution in an agarose gel and visualization with UV

light. Lane M = DNA molecular ladders (100–1000 bp). The

remaining lanes correspond to the genotypes labeled at the top of

each photo.
analysis. Odds ratios were determined with a 95% confidence
interval, and P < 0.05 was considered statistically significant.

3. Results

3.1. Clinical measurements

Both clinical and demographic data are presented in Table 1.
The average measurements of PI, CAL, BOP, and PD were

significantly more in periodontitis patients than control group
(P < 0.001). This proved that both groups were well-matched.

3.2. TNF-a (-308) genotyping

The genotypes and alleles of the TNF-a (-308) polymorphism
which were in Hardy-Weinberg equilibrium for both groups

have been presented in Table 2. In the control group, the
GG, AG, and AA genotypes were 86.15%, 13.85%, and 0%,
respectively, while they were 78.33%, 20%, and 1.67%, respec-
tively, in the patient group. Moreover, the proportion of the G

allele was observed to be 93.08% and 88.33%, while the A
allele was 6.92% and 11.67% in the control and periodontitis
subjects, respectively. The genotype and allele distribution of

TNF-a (-308) did not vary between both groups (P > 0.05).

3.3. TNF-a (-1031) gene polymorphism

The genotypes and alleles of the TNF-a (-1031) polymor-
phism, which were in Hardy-Weinberg equilibrium for both
groups, have been tabulated as depicted in Table 2. The TT,

CT, and CC genotypes had a predominance of 67.69%,
29.23%, and 3.08%, respectively, in the control group, while
they were 41.67%, 56.67%, and 1.66%, respectively, in the
patient group. The CT genotype was significantly more in sub-

jects with periodontitis than in control individuals (OR: 3.149,
95% CI: 1.494–6.639, P = 0.002) and TT genotype (used as a
reference) appeared to be more protected (Table 2). In addi-

tion, the proportion of T allele was 82.31% and 70 %, whereas
C allele was 17.69% and 30% in the controls and periodontitis
subjects, respectively. The T allele (used as a reference) was sig-

nificantly more common in the controls than in the subjects
with periodontitis, while the C allele was significantly more
common in periodontitis patients than the control individuals

(OR: 2.933, 95% CI: 1.413–6.09, P = 0.003) (Table 2). This
finding implies that individuals with the CT genotype and
those with the C allele are more likely to develop periodontitis
than those with the TT genotype.

4. Discussion

The presence of periodontopathic bacteria induces the

increased production of proinflammatory cytokines from the
host, resulting in periodontal disease progression (Gemmell
and Seymour, 2004). TNF-a has been shown to participate

in bone metabolism and is elevated in the GCF of patients with
periodontitis. Hence, the TNF-a encoded gene is a candidate
gene that might be involved in periodontitis susceptibility.

Multiple polymorphisms in the TNF-a gene have been
detected, which may have an impact on genetic predisposition
to periodontal disease (Pan et al., 2019).



Table 1 Demographic and laboratory data for control

subjects and patients with periodontitis.

Characteristics Control group

(65)

Periodontitis group

(60)

P value

Age (years) 41.48 ± 5.68 42.13 ± 5.65 0.519

Gender (M/F) 38/27 32/28 0.564

BOP (%) 8.67 ± 1.05 49.43 ± 7.11 <0.001

PD (mm) 1.18 ± 0.52 5.06 ± 0.8 <0.001

CAL (mm) 0.71 ± 0.19 4.87 ± 0.91 <0.001

PI (%) 4.75 ± 0.45 48.41 ± 3.47 <0.001

Data are shown as mean ± SD. NS = non-significant.
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TNF-a gene polymorphisms have been studied in periodon-
titis in various populations, but the results are inconsistent

(Laine et al., 2010)(Laine et al., 2012). This case-control study
examined two SNPs in TNF-a promotor area: rs1800629 (-308
G/A) and rs1799964 (-1031 T/C), along with their relationship

with periodontitis. The GG genotype of the TNF-a (-308) SNP
was observed to be more common in the investigated samples
than in the AA genotype; however, there was no significant

variation in genotype and allele frequencies between both stud-
ied groups (P > 0.05). For the TNF-a (-1031) SNP, the TT
genotype was more common in Saudi participants than the
CC genotype; however, the CT genotype and C allele were

more in periodontitis group, whereas the TT genotype and T
allele were lower in comparison with the control individuals
(P = 0.002 and 0.003, respectively).

Several investigators have obtained concurrent results.
Menezes and Colombo (2008) as well as Moreira et al.
(2009) demonstrated that the TNF-a (-308) polymorphism is

not linked to periodontal disease among Brazilians. In addi-
tion, Donati et al. (2005) did not find any link between chronic
periodontitis and the TNF- a -308 polymorphism in Swedish
Caucasian subjects of a northern European origin. Further-

more, similar results were obtained in several ethnic popula-
tions that also exhibited no correlation between TNF-a -308
genotypes and periodontal diseases in Germans (Folwaczny

et al., 2004), Czech population (Fassmann et al., 2003),
Table 2 Genotype distribution and allele frequencies of TNF-a �
periodontitis and the control group.

TNF-a polymorphism Control group

(N = 65)

Periodontitis

(N = 60)

�308 (G/A) genotypes: N % N

GG 56 86.15 47

AG 9 13.85 12

AA 0 0 1

Alleles:

G 121 93.08 106

A 9 6.92 14

�1031 C/T genotypes:

TT 44 67.69 25

CT 19 29.23 34

CC 2 3.08 1

Alleles:

T 107 82.31 84

C 23 17.69 36

a Chi-square analysis of genotypes and alleles between patients with pe
Netherlandish subjects (Craandijk et al., 2002), Greek popula-
tion (Sakellari et al., 2000), Japanese population with severe
periodontitis (Soga et al., 2003), Colombian, population

(Amaya et al., 2013), Turkish population (Özer Yücel et al.,
2015), and Taiwanese population (Ho et al., 2015). All the
above results are in agreement with our findings.

In contrast, other investigators obtained contrary results
that reported an association between TNF-a (-308) polymor-
phism and periodontitis. Sharma et al. (2014) revealed that

the TNF-a (-308) A allele is linked to a higher incidence of
chronic periodontitis in the Malayalam-speaking Dravidian
population in India. Moreover, Majumder et al. (2018)
reported that TNF-a (-308 G/A) genotype was linked with

both aggressive and chronic periodontitis in the eastern Indian
population.

With regard to the TNF-a (-1031) polymorphism, several

investigators have evaluated these polymorphisms in their eth-
nic populations. Yang et al. (2013) investigated four TNF-a
gene polymorphisms with susceptibility to aggressive peri-

odontitis and chronic periodontitis in Chinese subjects. They
demonstrated that the TNF-a (-1031) CC genotype is associ-
ated with chronic periodontitis, while TNF-a (-308) AA geno-

type is associated with aggressive periodontitis. Furthermore,
Soga et al. (2003) examined the relationship between severe
periodontitis in Japanese and five SNPs in the TNF-a promo-
tor area and discovered that periodontitis patients had a

greater incidence of at least one allele in TNF-a -1031, -863,
or -857 SNPs, compared to healthy controls. In addition, an
association between TNF-a gene (-1031) gene polymorphism

and chronic periodontitis has been reported in the Indian pop-
ulation (Majumder et al., 2018). These results were consistent
with our observations. However, Endo et al. (2001) obtained

contrary results and did not find any association between the
TNF-a gene (-1031) polymorphism and early onset
periodontitis.

In accordance with the above, the findings of the present
investigation on the link between TNF-a genotypes and the
risk of periodontal disease varied across ethnic groups. The
reasons for these conflicting results may be attributed to sev-

eral factors, such as the differences in the inclusion criteria
308 (G/A) and �1031 (T/C) polymorphisms in subjects with

group av2 P

value

Odds

ratio

95% CI

%

78.33 1

20 0.927 0.350 1.589 0.616–4.097

1.67 1.178 0.462 0.979 0.94–1.02

88.33 1.316 0.347 1

11.67 1.721 0.676–4.380

41.67 1

56.67 9.356 0.002 3.149 1.494 – 6.639

1.66 0.01 0.919 0.88 0.076–10.199

70 8.546 0.003 1

30 2.933 1.413 – 6.090

riodontitis and healthy controls.



230 E. Azab, F.M. Elfasakhany
of subjects in the patients and control groups, the variations in
genetic backgrounds of the populations (so the ethnic origin of
subjects must be considered), the definition of disease, popula-

tion heterogeneity, exposure, as well as presence of different
environmental and demographic confounding risk factors.
Another important point for consideration is that an allele in

a certain position (e.g., TNF-a (-308) A allele) has been estab-
lished to be very rare in the Saudi population, while this allele
was more frequently represented in other populations, such as

in Brazilian (Menezes and Colombo, 2008) and Indian popula-
tions (Majumder et al., 2018).

As per our understanding, this is the first study in Saudi
Arabia to investigate the relationship between TNF-a (-308

G/A) as well as (-1031 T/C) polymorphisms and periodontitis
risk. However, there are some limitations most notably the
small sample size. Further research involving a larger cohort

of subjects with various stages of periodontitis is necessary,
along with more detailed clinical information and serological
analyses, in order to clarify the role of TNF-a and its genetic

modification in periodontitis risk and progression.

5. Conclusion

The results obtained in this investigation indicated that TNF-a
(-308 G/A) polymorphisms might not be associated with the
risk of periodontitis, whereas the CT genotype and the C allele

of the TNF-a (-1031) T/C polymorphism are potential risk fac-
tors for periodontitis in Saudi subjects.
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