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Introduction

Periodontitis is acomplex inflammatory disorder caused by a 
gram-negative bacterialplaque accumulated on the surfaces of  
gingiva and teeth. It is induced by immune imbalance between the 
plaque and host response [1]. The chronic type of  periodontitis 
(ChP) affects up to 50% of  individuals [2]. ChP is defined by-
bacterial plaque, inflammatory gingiva, formation of  periodontal 
pocket,  loss of  attachment and alveolar remodeling [3, 4].

Numerous risk factors can impede the immune balance [5], like 
environmental factors and  bad lifestyle habits, systemic diseases 
such as diabetes, and genetic variables [1, 6, 7].

Diabetes mellitus Type 2 (DM) is a multifactorial metabolic dis-
easeincluding hyperglycemia and modifying lipid metabolism. It 
is caused by inadequate insulin secretion from β-islets and insulin 
resistance [8]. Chronic hyperglycemia affects bone formation by 
tissue oxidative stress [9], and increases the risk of  periodontitis 
in  uncontrolled DM subjects [10].

Studies have shown common gene variations between DM and 
periodontitis. However, this relationship needs more research 
about the genes that may affect both diseases [11]. 

Cytokine gene Single Nucleotide Polymorphisms (SNPs) have 
a crucial role in periodontal health regulation. Tumor necrosis 
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factor-α (TNF-α) is one of  potential proinflammatory cytokines 
secreted mainly by macrophages.It induces the tissue injury and 
bone resorption and many inflammatory pathways. It is involved 
in phagocytosis, polymorphonuclear leukocytes (PMNs)- en-
dothelial cells adhesion, necrosis and apoptosis[12, 13]. Many 
SNPswithin TNF-α gene associatewithperiodontitis, also can lead 
to DM by stimulating insulin resistance [14].

The TNF-α gene consists of  four exons and three introns located 
in chromosome 6, short (p) arm, in the major histocompatibility 
complex (MHC) class III region [15, 16].

Many researches showed that TNF-α expression and its activity 
are affected by gene variables, which may increase the risk and 
severity of   periodontitis [17].

An Indian study has reportedthat the distribution difference of  
-857C/T  and -1031T/C polymorphisms was significantin peri-
odontitis subjects comparing to healthy group [17]. On the other 
hand,-857T and -1031C alleleswere more frequent in periodonti-
tis groups in Japanese population [18]. Similarly, T allele in -857 
polymorphism has significantly enhanced transcriptional activity 
vs. C allele and tend to be more insulin resistant in an another 
Japanese study of  type 2 diabetic subjects [19].

Many studies have shown that -1031TT genotype might be an 
important protective factor for ChP Asians. TNF expression by 
mutant -1031CC genotype was significantly higher than -1031TT 
genotype. Also,TNF protein secretion could be stimulated by 
-1031T/C, and elevated cytokine levels may control periodontitis 
progression [20].

Traditionally, many studies have investigated the association 
of  polymorphisms at -857C/T and -1031T/C positions with 
ChP. Nonetheless, studies that examined these polymorphisms 
in chronic periodontitis with diabetes mellitus (ChPDM) were 
scarce.

Therefore, the aim of  this study is to examine the potential role 
of  TNF-α gene polymorphisms at -857C/T and -1031T/C posi-
tions in the susceptibility to ChP and DM type II in the Syrian 
population.

Materials and Methods

Ethics statements

This study was approved by the Institutional Ethics Committee 
at Damascus University, and it was conducted in accordance with 
the Helsinki Declaration. All patients gave their consent about the 
study purpose and nature.

Study population

The study is cross sectional enrolled100 Syrian participantsdiag-
nosed ChP attending the Periodontology Department of  Faculty 
of  Dentistry - Damascus University, 60 of  them were type 2 dia-
betic (ChPDM). Additionally, 40 race/ age-matched healthy sub-
jects (H), and 40 type 2 diabetics(DM) with healthy periodontal 
tissues were recruited.

Inclusion criteria

Individualsaged 40 - 70 years, have a minimum of  20 teeth(other 
than third molars), clinical attachment loss (CAL)  ≥ 3 mm in 
two interproximal sites, and  pocket depth PD ≥4 mm in  ≥2 
interproximal sites (on different tooth) [21], and body mass index 
(BMI) between 19 - 30.5 kg/m2. Periodontitis severity was clas-
sified depending on the pocket depth (PD) into three degrees: 
primary (PD=4 – 5mm), moderate (6-7mm), severe (>7mm). The 
type II DM participants were with glycated hemoglobin (HbA1c) 
≥ 7%.

Exclusion criteria

Systemic diseasesthat may affect the immune responses, treat-
ment with antibiotics and/or NSAIDs last 3 months, pregnancy 
and/ or breast feeding, smokers and alcoholics.

Sample Collection

From each subject, 3 ml of  peripheral blood was collected in 
EDTA tubes. Genomic DNA wasisolatedby a  manual protocol 
using urea and proteinase K [22]. DNA was quantified by meas-
uring 260nm-absorbance using Nanodrop(Thermo scientific®, 
USA), and then stored at -20°C until use.

Genotype determination

The TNF-αSNPs were genotyped using polymerase chain reac-
tion (PCR) and primers with sequences shown in Table (1). Then 
PCR products were purified to remove excess salts and electro-
phorized on agarose gel 2%. According to the digestive results 
by HincII (-857T mutant allele)and BbsI(-1031C mutant allele) 
enzymes(Jena Bioscience®, Germany), subjects were classified as 
(TT) homozygotes, (CT) heterozygotes, or (CC) homozygotes.

Statistical analysis

SPSS Statistical software, version 25 (IBM®, New York, USA) 
and GraphPad prism (version 9.1.2) were used to process the col-
lected data. Goodness-of-fit was analyzed by Hardy-Weinberg 
equilibrium. The Chi-squared test was used to determine any 
association between alleles or genotypes among the four study 
groups. The effect degree was explicated as an odds ratio (OR) 
with a 95% confidence interval (CI), and data was considered sig-
nificant at P value < 0.05.

Results

Study Groups were age and gender matched. Demographic data 
are presented in Table (2), which also shows the distribution of  
ChP and ChPDMpatients according to sex and disease severity 
without any significant statistical differences between the study 
groups (P<0.05), while differences with BMI values were sig-
nificant (P<0.001). Study Groups were age and gender matched. 
Demographic data are presented in Table (2), which also shows 
the distribution of  ChP and ChPDMpatients according to sex 
and disease severity without any significant statistical differences 
between the study groups (P<0.05), while differences with BMI 
values were significant (P<0.001).
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Thegenotype and allele frequencieswere in compatible with Har-
dy–Weinberg Equilibrium (HWE), and there was no significant 
differences between observed and expected genotypes in each-
subject group (P= 1.99 ).

Genotypes and alleles frequencies of  both SNPs were calculateda-
mong groups, and shown in the Table (3). By using Chi squared 
test, the associations between polymorphisms and susciptibility 
to the diseases (periodontitis and DM) has been tested: H group 
versus each group (ChP, DM and  ChPDM). The effect degree 
was expressed as OR with 95% CI.

In Table (4), the -857C/T SNP in the TNF-αgene promoter was 
compared between H group and each other three groups of  pa-
tients, and showed no significant differences with ChP patients 
with and without DM. However, DM subjects carrying the T al-
lele hadsignificantly an over 3-fold risk to develop the disease only 
without ChP compared with C subjects (adjusted OR 3.116, 95% 
CI: 1.184- 8.2, P = 0.019), and CC genotype had an important 
protective role against diabetes mellitus (adjusted OR 0.321, 95% 
CI: 0.122- 0.844, P = 0.019).

Table 1. Primer sequences, PCR annealing temperatures, and products.

SNP Primers Annealing Tempera-
ture

PCR product 
(bp)

-857C/T 
(rs1799724)

F:5’-AAGTCGAGTATGG-
GGACCCCCCGTTAA-3’

60°C for1min 
131bp

R: 5’-CCCCAGTGTGTG-
GCCATATCTTCTT-3’

 (de Oliveira, Rossi 
et al. 2015)

-1031T/C 
(rs1799964) 

F:5’-GGGGAGAA-
CAAAAGGATAAG-3’

55°C for 30sec
270bp

R: 5’-CCCCATACTC-
GACTTTCATA-3’ [23]

Table 2. Descriptive study results.

H ChP DM ChPDM P value
Age

(mean±SD) 49.95 ± 5.953 50.97 ± 
7.648 52.03 ± 7.83 49.55 ± 6.531 0.3297b

Male/Female
N (%) 20(50)/20(50) 22(55)/ 

18(45) 20(50)/20(50) 35(58.33)/ 
25 (41.66) 0.805a

ChP 
Severity

Severe NA 21 NA 29
0.9178aModerate NA 10 NA 16

Primary NA 9 NA 15

BMI (kg/m2) 22.47 ± 1.52 23.04 ± 
1.467 28.06 ± 1.47 28.02 ± 1.57 <0.0001b

a: chi squared test
b: one way ANOVA test

Table 3. The genotypes and alleles frequencies of  -857C/T and -1031T/C.

Genotypes H ChP DM ChPDM Genotypes H ChP DM ChPDM
-857C/T (N=40) (N=40) (N=40) (N=60) -1031T/C (N=40) (N=40) (N=40) (N=60)

CC 19 (47.5%) 15 (37.5%) 9 (22.5%) 18 (30%) TT 29 (72.5%) 22 (55%) 23 (57.5%) 28 (46.67%)
CT 16 (40%) 21 (52.5%) 23 (57.5%) 29 (48.33%) CT 10 (25%) 14 (35%) 12 (30%) 23 (38.33%)
TT 5 (12.5%) 4 (10%) 8 (20%) 13 (21.67%) CC 1 (2.50%) 4 (10%) 5 (12.5%) 9 (15%)

Alleles Alleles
C 54 (67.5%) 51 (63.75%) 41 (51.25%) 65 (54.17%) T 68 (85%) 58 (72.5%) 58 (72.5%) 79 (65.83%)
T 26 (32.5%) 29 (36.25%) 39 (48.75%) 55 (45.83%) C 12 (15%) 22 (27.5%) 22 (27.5%) 41 (34.17%)

Table 4. The genotypes and alleles frequencies of  -857C/T according the study groups.

-857C/T H vs ChP H vs DM H vs ChPDM ChP vs ChPDM
Genotypes p* OR CI (95%) p* OR CI (95%) p* OR CI (95%) p* OR CI (95%)

CC 0.499 0.737 0.304- 1.787 0.019 0.321 0.122- 0.844 0.076 0.474 0.206- 1.087 0.435 0.714 0.308-1.686

CT 0.262 1.658 0.683- 4.022 0.117 2.029 0.833- 4.945 0.511 1.313 0.583- 2.953 0.683 0.846 0.395-1.955
TT 0.456 0.568 0.126- 2.554 0.363 1.75 0.519- 5.903 0.176 2.13 0.701- 6.476 0.128 2.489 0.818-7.406

Alleles
C 0.456 1.762 0.392- 7.929 0.363 0.571 0.169- 1.928 0.176 0.469 0.154- 1.427 0.128 0.672 0.373- 1.183
T 0.499 1.357 0.559- 3.292 0.019 3.116 1.184- 8.2 0.076 2.111 0.92- 4.845 0.435 1.488 0.845-2.681

(*) Chi squared, Bold means a significant difference
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Restriction products of  HincII restriction enzyme on 2% gel elec-
trophoresis are shown in Figure (1).

BbsI enzyme restriction fragments are electrophoresed on aga-
rose gel 2% (Figure 2), and it was confirmed in the Table (5) that 
subjects with -1031CC genotype had almost 7-fold risk to develop 
periodontitis together with DM (OR= 6.882, 95% CI: 0.836- 56.6, 
P = 0.041), while there were not a significant difference between 
healthy group and each disease alone.

Then the frequencies of  genotypes were calculated according 

to disease severity, that the severity was divided to three groups: 
severe, moderate, and primary. In -857C/T SNP, there were no 
significant differences between these frequencies and groups of  
severity (p>0.05) in ChP group, while the difference was signifi-
cant between TT genotype and severity in ChPDM subjects, that 
this genotype is exist in primary subjects in significantly higher 
percentage(p= 0.039) Table (6).

Also, in -1031T/C SNP, there was a significant difference between 
severity and frequencies of  wild genotype TT in ChP subjects 
with DM,that it may have a protective role against periodontitis 

Figure 1. Photograph of  the PCR-RFLP products of-857C/T SNP in TNF-α promoter gene on 2%agarose gel Line M: Marker, lines CC:  homozygote wild 
genotype (~131bp), line CT: heterozygote genotype (~131bp, ~107bp), and line TT:  homozygote mutant genotype (~107bp).

Figure 2. PCR-RFLP products of  -1031T/C in TNF-α promoter gene on 2%agarose gel. Line M: Marker, lines TT: homozygote wild genotype (~270bp), 
lines CT: heterozygote genotype (~270, ~159, ~111bp), and lines CC: homozygote mutant genotype (~159, ~111bp).

Table 5. The genotypes and alleles frequencies of  -1031T/C according the study groups.

-1031T/C H vs ChP H vs DM H vs ChPDM ChP vs ChPDM
Genotypes p* OR CI (95%) p* OR CI (95%) p* OR CI (95%) p* OR CI (95%)

TT 0.104 0.464 0.182- 1.178 0.16 0.513 0.201-1.308 0.011 0.332 0.141- 0.784 0.414 0.716 0.321-1.599
CT 0.329 1.615 0.614- 4.247 0.617 1.286 0.48- 3.442 0.165 1.865 0.77- 4.518 0.735 1.154 0.502-2.654
CC 0.166 4.33 0.462- 40.6 0.09 5.571 0.62- 50.03 0.041 6.882 0.836- 56.6 0.466 1.588 0.454-5.558

Alleles
T 0.166 0.231 0.025- 2.163 0.09 0.179 0.02- 1.612 0.041 0.145 0.018- 1.196 0.466 0.63 0.18-2.204
C 0.104 2.157 0.849- 5.481 0.16 1.949 0.765- 4.965 0.011 3.013 1.275- 7.117 0.414 1.397 0.626-3.119

(*) Chi squared, Bold means a significant difference.

Table 6. The -857C/T and -1031T/C genotype frequencies according to disease severity.

Genotype
-857C/T Severe Moderate Primary P* Genotype

-1031T/C Severe Moderate Primary P*

ChP CC 9 (42.86%) 4 (40%) 2 (22.22%) 0.876 TT 12 (57.14%) 6 (60%) 4 (44.44%) 0.17

CT 10 (47.62%) 5 (50%) 6 (66.67%) 0.53 CT 7 (33.33%) 3 (30%) 4 (44.44%) 0.277

TT 2 (9.52%) 1 (10%) 1 (11.11%) 0.733 CC 2 (9.53%) 1 (10%) 1 (11.11%) 0.201

ChPDM CC 10 (34.48%) 5 (31.25%) 3 (20%) 0.255 TT 14 (48.28%) 6 (37.50%) 8 (53.34%) 0.042

CT 14 (48.27%) 9 (56.25%) 6 (40%) 0.552 CT 12 (41.38%) 6 (37.50%) 5 (33.33%) 0.527

TT 5 (17.24%) 2 (12.50%) 6 (40%) 0.039 CC 3 (10.34%) 4 (25%) 2 (13.33%) 0.067
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progression (p = 0.042).

Discussion

Periodontitis is a multifacetedinfection triggered by microbial 
plaque, that induces TNF-α expression. TNF-α can affect the im-
mune responsesby alteration of  vascular endothelial function, and 
modifying the preservative equilibrium and endothelium perme-
ability. It is considered as a risk factor of  systemic inflammation 
diseases with vascular dysfunction, such as diabetes [24], as well 
as other environmental and /or behavioral factors like mouth hy-
giene [25]. 

Many studies concerning the association between TNF-α gene 
SNPs and susceptibility to periodontitis are available, but the re-
sults were conflicting [20].

In this study, we had an attempt to find genetic association between 
TNF-α and periodontal disease with and without DM.Cytokine 
transcription and production levels may be influenced by their 
gene polymorphisms, which in turn may induce the susceptibility 
or resistance to several diseases, so this study has involved two 
polymorphisms in TNF-α gene promoter. 
    
Studies investigating -857C/T and -1031T/C SNPs in both peri-
odontitis and DM are rare. Literature review revealed that this 
study is the first in Syria that evaluates the association between 
TNF gene promoter SNPs and susceptibility to ChP in diabetic 
patients.

This study has shown a significant difference between the groups 
in -857CC genotype frequenciesin DM patients, but not in both 
diseases. The subjects carrying the T allele were significantly more 
likely to develop DM only without periodontitis compared with 
C subjects.

Also, at -1031T/C there was a significant differencein genotype 
CC between healthy group and ChPDM group, and subjects with 
risk allele C were more likely to develop periodontitis together 
with DM.

These findings are in line with many other studies that also found-
no correlation between ChP subjects and both genotypes -857C/
T  and -1031T/C compared to healthy group in Indian population 
[17]. In Japanese populationT allele of  -857C/T  and  -1031C allele 
were more elevated in periodontitis groups [18]. Also in Japanese 
with DM type II, the gene promoter of  TNF with -857Tallele sig-
nificantly stimulated transcriptional activity more than the -857C 
promoter. Patients with TNF-α -857T allele tend to be more insu-
lin resistant [19]. In Chinese and Asians, -1031CC genotype was 
significantly higher in ChPgroup compared with H group, while 
there were a low level of  association of  -857C/T  polymorphism 
with susceptibility to ChP [26-28]. These results didn't match with 
those in South Indian population, that -1031T/C polymorphism 
had no association with ChP susceptibility [29].

Several lines of  evidence have showed that variants of  -1031 
and -857 alleles have been related to elevated TNF-α secretion 
[12, 30], and actas a critical factor in susceptibility of  DM and its 
severity [18]. TNF-α inhibits adipose lipoprotein lipase activity, 
and induces hepatic lipogenesis, leading to excess metabolism of  

plasma lipids. It stimulates lipolysis and inhibits the uptake of  free 
fatty acid (FFA). High FFA production can cause gluconeogenesis 
induction, and finally hyperglycemia [14].

TNF-α expression, as a proinflammatory cytokine, has a key role 
in periodontitis development, and raises resorption degree of  the 
alveolar bone and periodontal cell proliferation [12].

Even though it is known that-857C/T SNP can directly affect 
the transcription efficiency of  TNF-α, its functional effects have 
been contentious on TNF-α cellular level. Recently, van Heel et 
al. study suggested that blood TNF-α stimulates lipopoly saccha-
ride production in -857CC genotypes more than mutant T-allele 
carriers. The transcription factor OTC1 binds to (ATGAAGAC) 
sequence in TNF-α promoter from _858 to _851 position, only 
with T allele in -857 site, to inhibit the function of  promoter [31]. 
-1031T/C polymorphism could be a therapeutic prediction of  the 
response to TNF-α blockers [32]. 

Jain, P. et al showed that ChP increases serum TNF-α levels dia-
betic patients [33], so we are still working on finding the link be-
tween -1031 and -857 SNPs and its salivary levels in our study 
groups.

Within the limits of  this study, it can be suggested that TNF-α 
-1031T/C SNP raises the risk of  periodontitis, while there were 
no association between -857C/T and periodontitis in diabetic pa-
tients in Syrian population. 
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