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Background: Cigarette smoking is a major risk factor for lung cancer, asthma, and oral cancer, 

and is central to the altered innate immune responsiveness to infection. Many hypotheses have 

provided evidence that cigarette smoking induces more genetic changes in genes involved in the 

development of many cigarette-related diseases. This alteration may be from single-nucleotide 

polymorphisms (SNPs) in innate immunity genes, especially the toll-like receptors (TLRs).

Objective: In this study, the genotype frequencies of TLR2 and TLR6 in smoking and 

nonsmoking population were examined.

Methods: Saliva samples were collected from 177 smokers and 126 nonsmokers. The SNPs 

used were rs3804100 (1350 T/C, Ser450Ser) and rs3804099 (597 T/C, Asn199Asn) for TLR2 

and rs3796508 (979 G/A, Val327Met) and rs5743810 (745 T/C, Ser249Pro) for TLR6.

Results: Results showed that TLR2 rs3804100 has a significant effect in short-term smokers 

(OR =2.63; P=0.04), and this effect is not observed in long-term smokers (.5 years of smoking). 

Therefore, this early mutation may be repaired by the DNA repair system. For TLR2 rs3804099, 

the variation in genotype frequencies between the smokers and control patients was due to a 

late mutation, and its protective role appears only in long-term smokers (OR =0.40, P=0.018). 

In TLR6 rs5743810, the TT genotype is significantly higher in smokers than in nonsmokers 

(OR =6.90). The effect of this SNP is observed in long-term smokers, regardless of the smoking 

regime per day.

Conclusion: TLR2 (rs3804100 and rs3804099) and TLR6 (rs5743810) can be used as a potential 

index in the diagnosis and prevention of more diseases caused by smoking.
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Introduction
Tobacco smoking is a major public health concern that causes high mortality and 

morbidity worldwide.1 The global prevalence of smoking among people aged $15 years 

is estimated to be 22%2 and counting for ∼5–6 million deaths per year worldwide.3 This 

number is projected to increase to ∼10 million per year by 2030.4 In Saudi Arabia, the 

prevalence of smoking is variable, reaching .50% in certain regions of the country.5 

A large number of diseases are attributed to smoking.6,7 Smoking accounts for ∼30% 

of all cancer deaths in the developed countries, the majority of which is caused by 

lung cancer.8 In addition, smoking can cause death by influencing cardiovascular and 

respiratory diseases.9,10 Several commentaries written by epidemiologists indicate that 

tobacco smoke is a multipotent carcinogenic mixture that can cause cancers of the 

lower urinary tract including the renal pelvis and bladder;11,12 the upper aerodigestive 

tract including the oral cavity, pharynx, larynx, and esophagus; and the pancreas.13–18 

To promote asthma or cancers, tobacco smoking deregulates multiple cell properties 

including adhesion, migration,19 and growth.20 These effects were reported with gingival 
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epithelial cells21 and fibroblasts.19 Furthermore, smoking 

increased epithelial cell apoptosis but decreased the repair 

process.21 In addition, smoking was incriminated in induc-

ing genetic alterations in the form of DNA methylation.22 

Tobacco contribution to genetic susceptibility to different 

diseases has been documented for 20 years, particularly 

for genes involved in innate immunity, which often display 

genetic polymorphisms and can thereby modulate the risk of 

cancer.23 Toll-like receptors (TLRs) are a family of receptors 

that play a crucial role in the innate immune response. They 

are transmembrane proteins that act as sensors to recog-

nize pathogens, involved in the initiation of inflammatory 

responses, and play a key role in immune cell regulation, 

survival, and proliferation.24 In addition to their expression 

on sentinel cells of the immune system, they can also be 

found on nonimmune cells such as gingival epithelial cells.25 

To date, at least 13 types of TLRs have been described in 

the literature26 and could be found on the cell surface or on 

endosomal/lysosomal compartments.27 Several studies have 

suggested that TLR polymorphisms are associated with 

inflammatory disorders.28,29 Among many discovered TLRs, 

TLR2 and TLR6 were found to be expressed in epithelial 

cells, the first type of cells being exposed to foreign agents. 

Together, TLR2 and TLR6 can form heterodimers that can 

activate MAPK and NFκB intracellular signaling pathways.30 

Polymorphisms of TLR2 are associated with chronic diseases 

including type I diabetes and allergic asthma.31 TLR2 

rs3804099 and rs3804100 single-nucleotide polymorphisms 

(SNPs) are associated with cancer risk and latent tubercu-

losis infection, respectively.32,33 TLR6 polymorphisms are 

associated with malaria, ulcerative colitis, and pancreatic 

cancer.34,35 A study reported that TLR6 rs5743810 SNP is 

associated with endometritis.36 TLR6 rs3796508 SNP was 

found to have the potential of mediating an increased risk 

of Klebsiella pneumoniae infection.37 The choice of these 

SNPs was based on their relation to different diseases, as 

mentioned previously, which could be explained by these 

SNPs’ ability to alter the function of their corresponding 

genes. This alteration may also extend their capability to 

induce other unstudied diseases. The present hypothesis is 

that smoking-induced respiratory and cancer diseases may 

be mediated by nucleotide changes in certain TLRs. Impor-

tantly, no study on the effect of cigarette smoke on TLR2 

and TLR6 SNPs is available. The purpose of the present 

study was to investigate the effect of cigarette smoke on the 

genotype makeup of TLR2 (rs3804100 and rs3804099) and 

TLR6 (rs3796508 and rs5743810) in smokers compared 

to nonsmokers.

Materials and methods
saliva collection
Saliva samples of 177 smokers and 126 nonsmokers were 

collected from male students and staff of King Saud University 

(KSU) during the period from January to April 2015. The 

participants included in this study are not suffering from any 

disease or disorders. Table 1 shows the clinical characteristics 

of the study participants. This study was ethically approved 

by the Research Ethics Committee of the College of Applied 

Medical Sciences at KSU (Approval Number: CAMS 

13/3536). All the participants in this study were provided with 

a questionnaire, and provided written informed consent.

Dna extraction
Each saliva sample was diluted twice with phosphate- 

buffered saline and then immediately utilized for DNA 

extraction using the PureLink® Genomic DNA Mini Kit 

(Catalogue No K1820-01; Invitrogen™, Carlsbad, CA, 

USA). The DNA concentration was quantitated using a 

NanoDrop 8000 (Thermo Fisher Scientific, Waltham, MA, 

USA), and its purity was calculated using the standard 

A260/A280 and A260/A230 ratios. 

genotyping
Prior to genotyping, DNA samples with a final concentration 

of 10 ng/µL were prepared. Two SNPs in the TLR2 gene and 

two SNPs in TLR6 gene were selected: rs3804100 (1350 T/C, 

Ser450Ser) and rs3804099 (597 T/C, Asn199Asn) for TLR2 

and rs3796508 (979 G/A, Val327Met) and rs5743810 (745 

T/C, Ser249Pro) for TLR6. These SNPs were chosen based 

in part on a forthcoming work of the authors, wherein a link 

between these SNPs and colon and breast cancer development 

will be proved. In addition, another reason for choosing these 

SNPs was the locality of them in sensitive areas, controlling 

the expression of TLR2 and TLR6 genes. Moreover, TLR2 

Table 1 clinical characteristics of study subjects

Variable Nonsmokers Smokers

Total collected samples 126 177
age (years; median ± average) 20±21 24±27
Body mass index

Obese ($30) 20/100 (20%) 27/163 (17%)
nonobese (,30) 80/100 (80%) 136/163 (83%)

Years of smoking
.5 – 104/165 (63%)
#5 – 61/165 (37%)

cigarettes per day
$20 – 99/159 (62.3%)
,20 – 60/159 (37.7%)
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rs3804100, TLR2 rs3804099, TLR6 rs3796508, and TLR6 

rs5743810 are all located in exon regions, and polymorphisms 

in coding regions are currently believed to be relevant to dis-

ease mechanisms by regulating gene expression (Table S1). 

Finally, the choice was also based on a literature review of 

the association of these SNPs with many diseases in different 

ethnic groups. Each genotyping reaction contained 5.6 µL 

of TaqMan® Genotyping Master Mix (Applied Biosystems, 

Foster City, CA, USA), 0.2 µL of 40× TaqMan® Genotyping 

SNP Assay (Applied Biosystems), and 20 ng of DNA. The 

reactions were performed by using a QuantStudio™ 7 Flex 

Real-Time PCR System (Applied Biosystems) with an end 

point reading of the genotypes. 

statistical analysis
As described in a previous work,38 genotypic and allelic 

frequencies were computed and checked for deviation from 

the Hardy–Weinberg equilibrium. Case–control and other 

genetic comparisons were performed by using the χ2 test 

and allelic odds ratios (ORs), and 95% confidence intervals 

(CIs) were calculated by using Fisher’s exact test (two-tailed). 

Statistical analyses were performed by using Statistical 

Package for the Social Sciences Version 22.0 for Windows. 

P#0.05 was considered statistically significant.

Results
study population characteristics
The nonsmokers and smokers were closely matched in terms 

of age and body mass index, and no major differences were 

observed within each group (Table 1). The median age was 

20±21 years for nonsmokers and 24±27 years for smokers. 

Twenty percent of the nonsmokers and 17% of the smokers 

were obese. According to the information obtained from the 

questionnaires, the smokers were classified into two groups 

based on smoking duration: those who smoked for .5 years 

and those who smoked #5 years. Based on the number of 

cigarettes smoked per day, the smokers were further classi-

fied into two categories: those who consumed $20 cigarettes 

(ie, one pack or more) per day and those who consumed ,20 

cigarettes daily. Table 1 summarizes the characteristics of 

the participants.

candidate associations of Tlr2 and Tlr6 
snPs with smoking behavior
In order to evaluate the association of genetic variation in 

the TLR2 and TLR6 genes with smoking behavior, two sets 

of saliva samples from 177 smokers and 126 nonsmokers 

were included in this study. Homozygous ancestral alleles in 

these SNPs were used as references to determine the ORs in 

the analysis of the genotyping results. Table 2 shows a general 

comparison of the allelic frequencies of the tested SNPs 

and ORs and statistical significances between nonsmokers 

and smokers. Among these SNPs, a statistically significant 

association of rs5743810 in the TLR6 gene was found with 

smoking behavior. The genotype distribution was 11% CC, 

28% CT, and 61% TT in nonsmokers compared to 2% CC, 

27% CT, and 71% TT in smokers. The “CT” heterozygous 

allele showed approximately a sixfold higher correlation 

with smoking compared to the “CC” homozygous allele 

(OR =5.84; CI =1.492–22.851; P=0.0061). The homozy-

gous “TT” allele had approximately a sevenfold increased 

correlation with smoking (OR =6.9; CI =1.852–25.697; 

P=0.0012). The “CT + TT” genotypes, compared to the 

wild “CC” genotype, were found to have 6.57-fold increased 

correlation with smoking (OR =6.57; CI =1.783–24.179; 

P=0.0014). For the same SNP, significant phenotypic 

association with smoking was also found. The phenotype 

distribution was 25% C and 75% T in nonsmoking patients 

and 16% C and 84% T in smoking patients, yielding approxi-

mately a twofold increased association of the “T” phenotype 

with smoking, compared to the “C” phenotype (OR =1.83; 

CI =1.172–2.851; P=0.0074). No statistically significant 

association was found between smoking and the genetic 

variants of the TLR2 rs3804100, TLR2 rs3804099, and TLR6 

rs3796508 SNPs in the studied population. The allele frequen-

cies of the TLR2 rs3804100 SNP were almost the same in 

nonsmokers and smokers, exhibiting 82% TT, 16% TC, and 

2% CC. In TLR2 rs3804099, the alleles were distributed as 

19% CC, 45% CT, and 36% TT in nonsmokers and 25% CC, 

47% CT, and 28% TT in smokers. The alleles in the TLR6 

rs3796508 SNP were 97% GG and 3% GA in nonsmokers 

and 97% GG, 2% GA, and 1% AA in smokers.

combined effect of Tlr2 and Tlr6 gene 
polymorphisms and duration of smoking
In order to assess the selected SNPs, depending on the years 

of smoking, the patients were grouped as having smoked 

for .5 years (Group A) or #5 years (Group B). Table 3 

shows the genotype allocation and statistical analyses of 

the SNPs for both groups compared to the nonsmokers. 

Although TLR2 rs3804100 did not show any significant 

genotypic association with smoking in either group, it showed 

an association at the phenotypic level. The “T” phenotype, 

compared to the “C” phenotype, had 2.63-fold more corre-

lation with patients who did not exceed 5 years of smoking 

(OR =2.63; CI =0.979–7.040; P=0.0474). Phenotypes in this 
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SNP for Group B were distributed as 10% C and 90% T in 

nonsmokers and 4% C and 96% T in smokers. This relation-

ship was observed neither in the general comparison nor in 

Group A. Phenotypes for the same SNP in Group A were 

distributed at 10% C and 90% T in nonsmokers and 15% C 

and 85% T in smokers. Surprisingly, the rs3804099 SNP in 

the TLR2 gene (which did not show significant association 

in the general comparison, as shown in Table 2) showed sta-

tistically significant results in long-term smokers (Group A) 

compared to nonsmokers. The genotype distribution for 

the rs3804099 SNP was 19% CC, 45% CT, and 36% TT in 

nonsmokers and 31% CC, 45% CT, and 24% TT in smokers. 

Unlike the heterozygous “CT” allele, the homozygous “TT” 

allele appears to have 2.5-fold protection association with 

smoking compared to the “CC” homozygous reference allele 

(OR =0.4; CI =0.187–0.867; P=0.0189). The combination of 

the two alleles “CT + TT” also had approximately twofold 

higher protection association (OR =0.52; CI =0.27–0.982; 

P=0.0423). The phenotypes were distributed at 42% C and 

58% T in nonsmokers and 54% C and 46% T in smokers. 

The “T” phenotype had ∼1.64-fold more protection 

correlation with long-term smokers, compared to the wild 

“C” phenotype (OR =0.61; CI =0.413–0.908; P=0.0144). 

However, no association was detected between this SNP 

and short-term smoking (Group B). As in the overall study, 

the TLR6 rs3796508 SNP showed no significant association 

with long- or short-term smoking. In Group A, the genotypes 

were divided into 97% GG and 3% GA in nonsmokers and 

98% GG and 2% GA in smokers. However, the phenotypes 

were sorted into 99% G and 1% A in the nonsmokers and the 

smokers. In Group B, the genotype distribution for this SNP 

was 97% GG and 3% GA in nonsmokers and 95% GG, 3% 

GA, and 2% AA in smokers. The phenotypes were allocated 

as 99% G and 1% A in nonsmokers and 97% G and 3% A in 

smokers. TLR6 rs5743810, as in the general comparison, also 

showed a statistically significant correlation with long-term 

smoking. The genotype distribution for this SNP in Group A 

was 11% CC, 28% CT, and 61% TT in nonsmoking patients 

and 1% CC, 24% CT, and 75% TT in smoking patients. Com-

pared to the “CC” homozygous reference allele, the “CT” 

heterozygous allele showed approximately ninefold higher 

association with smoking (OR =8.96; CI =1.073–74.907; 

Table 2 genotype frequencies of TLR2 and TLR6 gene polymorphisms in smokers and controls

Gene SNP Allele Nonsmokers Smokers OR 95% CI χ2 P-value

TLR2 rs3804100 Total 122 172 – – – –
TT 3 (0.02) 4 (0.02) ref – – –
Tc 19 (0.16) 27 (0.16) 1.07 0.2135–5.3209 0.0060 0.9381
cc 100 (0.82) 141 (0.82) 1.06 0.2316–4.8291 0.0052 0.9425
Tc + cc 119 (0.98) 168 (0.98) 1.06 0.2327–4.8184 0.0055 0.9411
T 25 (0.10) 35 (0.10) ref – – –
c 219 (0.90) 309 (0.90) 1.01 0.5863–1.7323 0.0008 0.9775

rs3804099 Total 115 150 – – – –
cc 22 (0.19) 38 (0.25) ref – – –
cT 52 (0.45) 70 (0.47) 0.78 0.4126–1.4721 0.5914 0.4419
TT 41 (0.36) 42 (0.28) 0.59 0.3008–1.1693 2.2901 0.1302
cT + TT 93 (0.81) 112 (0.75) 0.70 0.3854–1.2612 1.4299 0.2318
c 96 (0.42) 146 (0.49) ref – – –
T 134 (0.58) 154 (0.51) 0.76 0.5345–1.0684 2.5181 0.1125

TLR6 rs3796508 Total 118 170 – – – –
gg 115 (0.97) 165 (0.97) ref – – –
ga 3 (0.03) 4 (0.02) 0.93 0.2041–4.2311 0.0090 0.9244
aa 0 (0.00) 1 (0.01) – – 0.6952 0.4044
ga + aa 3 (0.03) 5 (0.03) 1.16 0.2722–4.9573 0.0410 0.8395
g 233 (0.99) 334 (0.98) ref – – –
a 3 (0.01) 6 (0.02) 1.40 0.3454–5.6352 0.2206 0.6386

rs5743810 Total 97 157 – – – –
cc 11 (0.11) 3 (0.02) ref – – –
cT 27 (0.28) 43 (0.27) 5.84 1.4923–22.8505 7.5350 0.0061*
TT 59 (0.61) 111 (0.71) 6.90 1.8518–25.6971 10.5594 0.0012**
cT + TT 86 (0.89) 154 (0.98) 6.57 1.7830–24.1792 10.2360 0.0014**
c 49 (0.25) 49 (0.16) ref – – –
T 145 (0.75) 265 (0.84) 1.83 1.1715–2.8512 7.1759 0.0074*

Notes: *P,0.05, **P,0.005. Values in parentheses are frequencies. Values in bold represent significant results.
Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism; TLR, toll-like receptor; Ref, reference.
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Table 3 comparison of genotype frequencies of TLR2 and TLR6 gene snPs with overall controls depending on smoking duration

Gene SNP Allele Nonsmokers .5 years OR 95% CI χ2 P-value

Patients smoking for .5 years
TLR2 rs3804100 Total 122 102 – – – –

TT 3 (0.02) 4 (0.04) ref – – –
Tc 19 (0.16) 22 (0.22) 0.87 0.1722–4.3792 0.0292 0.8642
cc 100 (0.82) 76 (0.75) 0.57 0.1239–2.6229 0.5333 0.4652
Tc + cc 119 (0.98) 98 (0.96) 0.62 0.1350–2.8259 0.3925 0.5310
T 25 (0.10) 30 (0.15) ref – – –
c 219 (0.90) 174 (0.85) 0.66 0.3756–1.1671 2.0521 0.1520

rs3804099 Total 115 89 – – – –
cc 22 (0.19) 28 (0.31) ref – – –
cT 52 (0.45) 40 (0.45) 0.60 0.3019–1.2099 2.0353 0.1537
TT 41 (0.36) 21 (0.24) 0.40 0.1869–0.8667 5.5077 0.0189*
cT + TT 93 (0.81) 61 (0.69) 0.52 0.2704–0.9823 4.1226 0.0423*
c 96 (0.42) 96 (0.54) ref – – –
T 134 (0.58) 82 (0.46) 0.61 0.4125–0.9078 5.9883 0.0144*

TLR6 rs3796508 Total 118 99 – – – –
gg 115 (0.97) 97 (0.98) ref – – –
ga 3 (0.03) 2 (0.02) 0.79 0.1294–4.8272 0.0652 0.7984
aa 0 (0.00) 0 (0.00) – – – –
ga + aa 3 (0.03) 2 (0.02) 0.79 0.1294–4.8272 0.0652 0.7984
g 233 (0.99) 196 (0.99) ref – – –
a 3 (0.01) 2 (0.01) 0.79 0.1311–4.7910 0.0644 0.7996

rs5743810 Total 97 91 – – – –
cc 11 (0.11) 1 (0.01) ref – – –
cT 27 (0.28) 22 (0.24) 8.96 1.0725–74.9067 5.4868 0.0192*
TT 59 (0.61) 68 (0.75) 12.68 1.5892–101.1402 8.9644 0.0028**
cT + TT 86 (0.89) 90 (0.99) 11.51 1.4550–91.0798 8.2411 0.0041**
c 49 (0.25) 24 (0.13) ref – – –
T 145 (0.75) 158 (0.87) 2.22 1.2992–3.8094 8.7453 0.0031**

Patients smoking for #5 years
TLR2 rs3804100 Total 122 60 – – – –

TT 3 (0.02) 0 (0.00) ref – – –
Tc 19 (0.16) 5 (0.08) – – 0.7670 0.3811
cc 100 (0.82) 55 (0.92) – – 1.6329 0.2013
Tc + cc 119 (0.98) 60 (1.00) – – 1.5001 0.2207
T 25 (0.10) 5 (0.04) ref – – –
c 219 (0.90) 115 (0.96) 2.63 0.9791–7.0404 3.9310 0.0474*

rs3804099 Total 115 52 – – – –
cc 22 (0.19) 8 (0.15) ref – – –
cT 52 (0.45) 25 (0.48) 1.32 0.5168–3.3824 0.3406 0.5595
TT 41 (0.36) 19 (0.37) 1.27 0.4807–3.3788 0.2381 0.6256
cT + TT 93 (0.81) 44 (0.85) 1.30 0.5369–3.1529 0.3409 0.5593
c 96 (0.42) 41 (0.39) ref – – –
T 134 (0.58) 63 (0.61) 1.10 0.6862–1.7659 0.1588 0.6903

TLR6 rs3796508 Total 118 61 – – – –
gg 115 (0.97) 58 (0.95) ref – – –
ga 3 (0.03) 2 (0.03) 1.32 0.2148–8.1326 0.0911 0.7627
aa 0 (0.00) 1 (0.02) – – – –
ga + aa 3 (0.03) 3 (0.05) 1.98 0.3880–10.1316 0.7005 0.4026
g 233 (0.99) 118 (0.97) ref – – –
a 3 (0.01) 4 (0.03) 2.63 0.5797–11.9568 1.6907 0.1935

rs5743810 Total 97 56 – – – –
cc 11 (0.11) 2 (0.04) ref – – –
cT 27 (0.28) 17 (0.30) 3.46 0.6824–17.5738 2.4414 0.1182
TT 59 (0.61) 37 (0.66) 3.45 0.7235–16.4422 2.6721 0.1021
cT + TT 86 (0.89) 54 (0.96) 3.45 0.7370–16.1837 2.7560 0.0969
c 49 (0.25) 21 (0.19) ref – – –
T 145 (0.75) 91 (0.81) 1.46 0.8244–2.6011 1.7045 0.1917

Notes: *P,0.05, **P,0.05. Values in parentheses are frequencies. Values in bold represent significant results.
Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism; TLR, toll-like receptor; Ref, reference.
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P=0.0192), whereas the homozygous “TT” showed more  

than 12-fold stronger correlation with cigarette smoke 

(OR =12.68; CI =1.589–101.14; P=0.0028). In addition, 

the two variants together, “CT + TT,” had 11.51-fold more 

correlation with smoking (OR =11.51; CI =1.455–91.08; 

P=0.0041). The phenotype allocation for this SNP was 

25% C and 75% T in nonsmokers and 13% C and 87% T in 

smokers. Compared to the “C” phenotype, the “T” phenotype 

had more than twofold association with long-term smokers 

(OR =2.22; CI =1.299–3.809; P=0.0031). In contrast, no 

association was observed between this SNP and short-term 

smoking. In Group B, the genotype frequencies for this SNP 

were 11% CC, 28% CT, and 61% TT in nonsmokers and 

4% CC, 30% CT, and 66% TT in smokers. The phenotypes 

were 25% C and 75% T in nonsmokers and 19% C and 81% 

T in smokers.

association between snPs and 
heavy smoking
Based on the intensity of smoking, the smokers were clas-

sified into two groups: heavy smokers who consumed $20 

cigarettes daily (ie, approximately one pack; Category A) and 

those who consumed ,20 cigarettes per day (Category B). 

Table 4 shows the genotype frequencies of the selected 

SNPs for both categories compared to the overall controls. 

A statistically significant association of the rs5743810 

SNP in the TLR6 gene with smokers from Category A was 

found. The allele frequencies were 11% CC, 28% CT, and 

61% TT in nonsmokers and 2% CC, 26% CT, and 72% TT 

in smokers. Compared to the “CC” homozygous reference 

allele, the “CT” heterozygous allele had more than fourfold 

association with smoking (OR =4.69; CI =0.94–23.346; 

P=0.0444), whereas the “TT” homozygous allele had a 

sixfold increase in correlation with smoking (OR =5.97; CI 

=1.269–28.043; P=0.0119). A combination of the two alleles, 

“CT + TT,” had 5.56-fold more correlation with smokers 

from Category A (OR =5.56; CI =1.198–25.846; P=0.0151). 

The phenotypes were distributed as 25% C and 75% T in 

nonsmokers and 15% C and 85% T in smokers. Compared 

to the “C” phenotype, the “T” phenotype had approximately 

twofold more association with smoking (OR =1.89; CI 

=1.121–3.186; P=0.0159). However, the same SNP showed 

an association with smokers in Category B, but only at the 

genotypic level. In fact, the genotype distribution was 11% 

CC, 28% CT, and 61% TT in nonsmokers and 2% CC, 30% 

CT, and 68% TT in smokers. The “TT” homozygous allele, 

compared to the reference “CC,” appeared to have more 

than sixfold increased correlation with smoking (OR =6.71; 

CI =0.831–54.194; P=0.0425), whereas a combination of 

“CT” and “TT” alleles showed slightly lower association 

with smoking (OR =6.65; CI =0.834–53.022; P=0.0414). 

The phenotypes were 25% C and 75% T in nonsmokers and 

17% C and 83% T in smokers. In contrast, no considerable 

association was found for both the categories in the other 

SNPs. The genotype distribution of the TLR2 rs3804100 

SNP in smokers from Category A was 82% TT, 16% TC, 

and 2% CC in nonsmokers and 81% TT, 18% TC, and 1% 

CC in smokers. In Category B, the distribution of TLR2 

rs3804100 was 82% TT, 16% TC, and 2% CC in nonsmokers 

and 79% TT, 16% TC, and 5% CC in smokers. The allele 

frequencies of the TLR2 rs3804099 SNP in Category A were 

19% CC, 45% CT, and 36% TT in nonsmokers and 28% 

CC, 42% CT, and 30% TT in smokers. In Category B, they 

were 19% CC, 45% CT, and 36% TT in nonsmokers and 

23% CC, 51% CT, and 26% TT in smokers. The genotypes 

of the TLR6 rs3796508 SNP in Category A were 97% GG 

and 3% GA in nonsmokers and 99% GG and 1% GA in 

smokers. In Category B, the genotype allocation was 97% 

GG and 3% GA in nonsmokers and 94.74% GG, 3.51% GA, 

and 1.75% AA in smokers.

comparison of the results of the present 
study with that of others from 
different populations
A comparison between the selected SNPs from the present 

results of the Saudi population and those from the other stud-

ies, performed across different populations, obtained from 

the literature, was made to clarify the relationships that link 

these populations together (Table 5).39 Regarding the TLR2 

rs3804100 SNP, Chinese (HCB) and Kenyan (MKK) popula-

tions were significantly different from the sample population 

of the present study. Moreover, the MKK population, along 

with the Japanese (JPT) and Nigerian (YRI) populations, was 

different in terms of the TLR2 rs3804099 SNP. For TLR6 

rs3796508, all studied populations showed similar allele 

distributions to the Saudi population. However, these popula-

tions were completely different from the target population for 

the TLR6 rs5743810 SNP. As shown in Figure 1, regional 

linkage disequilibrium (LD) plot was established using SNP 

Annotation and Proxy Search (http://www.broadinstitute.org/

mpg/snap/ldplot.php). The maximum r2 values for the SNPs 

studied were 0.48 for rs3804100, 0.684 for rs3804099, and 

0.901 for rs5743810 (Figure 1A–C). The regional associa-

tion LD plot showed several positions near the rs5743810 

SNP with high LD (r2=0.901). The rs5743810 SNP also 

showed close association with TLR10 and TLR1 (Figure 1C). 
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Table 4 genotype frequencies of TLR2 and TLR6 gene snPs with overall controls according to the daily quantity of cigarettes

Gene SNP Allele Nonsmokers $20 cigarettes OR 95% CI χ2 P-value

Patients smoking $20 cigarettes/day
TLR2 rs3804100 Total 122 98 – – – –

TT 3 (0.02) 1 (0.01) ref – – –
Tc 19 (0.16) 18 (0.18) 2.84 0.2702–29.8978 0.8119 0.3676
cc 100 (0.82) 79 (0.81) 2.37 0.2418–23.2255 0.5822 0.4455
Tc + cc 119 (0.98) 97 (0.99) 2.45 0.2504–23.8847 0.6301 0.4273
T 25 (0.10) 20 (0.10) ref – – –
c 219 (0.90) 176 (0.90) 1.00 0.5401–1.8685 0.0002 0.9885

rs3804099 Total 115 83 – – – –
cc 22 (0.19) 23 (0.28) ref – – –
cT 52 (0.45) 35 (0.42) 0.64 0.3119–1.3290 1.4256 0.2325
TT 41 (0.36) 25 (0.30) 0.58 0.2707–1.2565 1.9088 0.1671
cT + TT 93 (0.81) 60 (0.72) 0.62 0.3162–1.2043 2.0209 0.1551
c 96 (0.42) 81 (0.49) ref – – –
T 134 (0.58) 85 (0.51) 0.75 0.5031–1.1234 1.9419 0.1635

TLR6 rs3796508 Total 118 97 – – – –
gg 115 (0.97) 96 (0.99) ref – – –
ga 3 (0.03) 1 (0.01) 0.40 0.0409–3.9014 0.6661 0.4144
aa 0 (0.00) 0 (0.00) – – – –
ga + aa 3 (0.03) 1 (0.01) 0.40 0.0409–3.9014 0.6661 0.4144
g 233 (0.99) 193 (0.99) ref – – –
a 3 (0.01) 1 (0.01) 0.40 0.0415–3.9000 0.6598 0.4166

rs5743810 Total 97 89 – – – –
cc 11 (0.11) 2 (0.02) ref – – –
cT 27 (0.28) 23 (0.26) 4.69 0.9402–23.3463 4.0403 0.0444*
TT 59 (0.61) 64 (0.72) 5.97 1.2693–28.0427 6.3218 0.0119*
cT + TT 86 (0.89) 87 (0.98) 5.56 1.1978–25.8463 5.9034 0.0151*
c 49 (0.25) 27 (0.15) ref – – –
T 145 (0.75) 151 (0.85) 1.89 1.1212–3.1856 5.8126 0.0159*

Patients smoking ,20 cigarettes/day
TLR2 rs3804100 Total 122 58 – – – –

TT 3 (0.02) 3 (0.05) ref – – –
Tc 19 (0.16) 9 (0.16) 0.47 0.0794–2.8260 0.6899 0.4062
cc 100 (0.82) 46 (0.79) 0.46 0.0894–2.3666 0.9023 0.3422
Tc + cc 119 (0.98) 55 (0.95) 0.46 0.0904–2.3635 0.8982 0.3433
T 25 (0.10) 15 (0.13) ref – – –
c 219 (0.90) 101 (0.87) 0.77 0.3886–1.5205 0.5739 0.4487

rs3804099 Total 115 53 – – – –
cc 22 (0.19) 12 (0.23) ref – – –
cT 52 (0.45) 27 (0.51) 0.95 0.4097–2.2120 0.0131 0.9088
TT 41 (0.36) 14 (0.26) 0.63 0.2473–1.5849 0.9837 0.3213
cT + TT 93 (0.81) 41 (0.77) 0.81 0.3655–1.7873 0.2771 0.5986
c 96 (0.42) 51 (0.48) ref – – –
T 134 (0.58) 55 (0.52) 0.77 0.4865–1.2269 1.1979 0.2737

TLR6 rs3796508 Total 118 57 – – – –
gg 115 (0.97) 54 (0.95) ref – – –
ga 3 (0.03) 2 (0.04) 1.42 0.2304–8.7468 0.1441 0.7042
aa 0 (0.00) 1 (0.02) – – – –
ga + aa 3 (0.03) 3 (0.05) 2.13 0.4161–10.8984 0.8593 0.3539
g 233 (0.99) 110 (0.96) ref – – –
a 3 (0.01) 4 (0.04) 2.82 0.6214–12.8365 1.9636 0.1611

rs5743810 Total 97 53 – – – –
cc 11 (0.11) 1 (0.02) ref – – –
cT 27 (0.28) 16 (0.30) 6.52 0.7681–55.3212 3.6631 0.0556
TT 59 (0.61) 36 (0.68) 6.71 0.8313–54.1942 4.1157 0.0425*
cT + TT 86 (0.89) 52 (0.98) 6.65 0.8343–53.0215 4.1616 0.0414*
c 49 (0.25) 18 (0.17) ref – – –
T 145 (0.75) 88 (0.83) 1.65 0.9052–3.0153 2.7071 0.0999

Notes: *P,0.05, **P,0.01. Values in parentheses are frequencies. Values in bold represent significant results.
Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism; TLR, toll-like receptor; Ref, reference.
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However, no LD data are available in the literature for the 

rs3796508 SNP from the TLR6 gene.

Discussion
Because TLRs play an active role in the innate immune 

system, the presence of genotypic alterations may lead to the 

dysregulation of TLRs at the protein level and could contribute 

a decrease in the cell innate immunity, leading to the initiation 

and development of different diseases such as respiratory 

diseases and cancer.28,29,40 To the authors’ knowledge, the 

present study was the first genetic association analysis in 

Saudi Arabia that targeted the genetic architecture of smokers 

and its potential association with different smoking-related 

diseases, particularly asthma and lung cancer. In addition, 

this is the first study showing that certain SNPs in the TLR2 

and TLR6 genes are associated with smoking. It was also 

demonstrated that the rs5743810 SNP from the TLR6 gene 

was strongly associated with smokers. This late mutation 

(Ser249Pro) appears irreversible by the DNA repair system, 

even in those who smoke only a few cigarettes per day, sug-

gesting that this mutation is highly linked to smoking. This 

nonsynonymous mutation in the TLR6 exon is generally 

related to TLR6 expression and consequently may alter the 

immune function of TLR6. As shown in Figure 1, the regional 

association LD plot of rs5743810 showed close association 

with many other SNPs from adjacent genes as well as TLR10 

Table 5 allele and genotype frequencies of TLR2 and TLR6 gene polymorphisms in riyadh region compared to other populations

Population Genotype frequency (N) Allele frequency χ2 P-value

TT CT CC T C

Tlr2 rs3804100
crs (n=122) 0.820 (100) 0.156 (19) 0.025 (3) 0.898 0.102 – –
ceU (n=226) 0.850 (192) 0.150 (34) – 0.925 0.075 0.7712 0.3799
hcB (n=86) 0.372 (32) 0.581 (50) 0.047 (4) 0.663 0.337 17.3795 ,0.005
JPT (n=166) 0.578 (96) 0.410 (68) 0.012 (2) 0.783 0.217 6.5853 0.0103
Yri (n=226) 0.876 (198) 0.124 (28) – 0.938 0.062 1.8428 0.1746
MeX (n=100) 0.820 (82) 0.180 (18) – 0.91 0.09 0.0975 0.7548
MKK (n=286) 0.951 (272) 0.049 (14) – 0.976 0.024 11.6448 ,0.005
Tsi (n=176) 0.875 (154) 0.125 (22) – 0.938 0.062 1.6293 0.2018

Tlr2 rs3804099
crs (n=115) 0.191 (22) 0.452 (52) 0.357 (41) 0.417 0.583 – –
ceU (n=224) 0.170 (38) 0.562 (126) 0.268 (60) 0.451 0.549 0.3484 0.5550
hcB (n=86) 0.047 (4) 0.651 (56) 0.302 (26) 0.372 0.628 0.4231 0.5154
JPT (n=172) 0.070 (12) 0.395 (68) 0.535 (92) 0.267 0.733 7.0803 0.0078
Yri (n=226) 0.416 (94) 0.425 (96) 0.159 (36) 0.628 0.372 13.7006 ,0.005
MeX (n=100) 0.100 (10) 0.500 (50) 0.400 (40) 0.350 0.650 1.0249 0.3114
MKK (n=286) 0.385 (110) 0.503 (144) 0.112 (32) 0.636 0.364 16.0233 ,0.005
Tsi (n=176) 0.193 (34) 0.477 (84) 0.330 (58) 0.432 0.568 0.0607 0.8054

Tlr6 rs3796508
crs (n=118) – 0.03 (3) 0.97 (115) 0.987 0.013 – –
ceU (n=116) – – 1.000 (116) 1.000 – 1.4841 0.2231
hcB (n=86) – 0.116 (10) 0.884 (76) 0.942 0.058 3.3134 0.0687
JPT (n=172) – 0.116 (20) 0.884 (152) 0.942 0.058 3.7768 0.0520
Yri (n=226) – 0.035 (8) 0.965 (218) 0.982 0.018 0.1361 0.7121
MeX – – – – – – –
MKK (n=286) – 0.049 (14) 0.951 (272) 0.976 0.024 0.5250 0.4687
Tsi (n=176) – 0.011 (2) 0.989 (174) 0.994 0.006 0.3692 0.5434

Tlr6 rs5743810
crs (n=97) 0.113 (11) 0.278 (27) 0.608 (59) 0.253 0.747 – –
ceU (n=224) 0.304 (68) 0.464 (104) 0.232 (52) 0.536 0.464 21.9658 ,0.005
hcB (n=90) 1.000 (90) – – 1.000 – 109.8613 ,0.005
JPT (n=88) 1.000 (88) – – 1.000 – 108.1604 ,0.005
Yri (n=120) 1.000 (120) – – 1.000 – 134.6913 ,0.005
MeX (n=100) 0.660 (66) 0.300 (30) 0.040 (4) 0.810 0.190 61.5083 ,0.005
MKK (n=286) 0.818 (234) 0.175 (50) 0.007 (2) 0.906 0.094 160.9451 ,0.005
Tsi (n=176) 0.477 (84) 0.375 (66) 0.148 (26) 0.665 0.335 42.6049 ,0.005

Note: Data from The international hapMap Project.39

Abbreviations: Tlr, toll-like receptor; crs, central region population of saudi arabia; ceU, Utah residents with northern and western european ancestry from the cePh 
collection; cePh, centre d’etude du Polymorphisme humain; hcB, han chinese in Beijing, china; JPT, Japanese in Tokyo, Japan; Yri, Yoruba in ibadan, nigeria; MeX, 
Mexican ancestry in los angeles, california; MKK, Maasai in Kinyawa, Kenya; Tsi, Toscani in italia.
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and TLR1, and this association could enhance the risk of 

diseases in smokers. Furthermore, this SNP was reported 

as being involved in endometritis.36 However, information 

about the TLR6 rs5743810 SNP is very limited, especially 

regarding diseases caused by smoking. As shown in the 

present study, the rs3796508 SNP in TLR6 did not yield 

significant results, suggesting that the polymorphism at this 

particular location is independent of smoking. Regarding 

the TLR2 rs3804099 SNP, long-term smoking promoted 

a change in the nucleotide base. From a genotyping point 

of view, this SNP shows a protective effect (ie, OR ,1), 

suggesting its potential contribution to the prevention of 

possible diseases related to smoking, compared to the TLR6 

rs5743810 polymorphism. Indeed, TLR2 rs3804099 is 

correlated with a decreased risk of certain diseases, such as 

bacterial vaginosis,41 whereas TLR6 rs5743810 was associ-

ated with an increased risk of Bacillus Calmette-Guérin 

osteitis.42 Interestingly, TLR2 rs3804100 appeared to be 

Figure 1 (Continued)
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affected only by short-term smoking, insinuating that the 

DNA repair processes that make genetic variations to return 

to their original status may take place only after a certain time. 

TLR2 rs3804100 and rs3804099 are silent SNPs, which are 

two genetic variants of the SNP code for the same amino acid. 

However, these two SNPs were correlated with different 

diseases.32,33 Synonymous SNPs may attenuate the expression 

of their corresponding genes via their effects on messenger 

RNA splicing, structure, and stability. In addition, they may 

affect protein folding by generating pause points during 

the translation process. Thus, silent SNPs should not be 

neglected, as described previously.43 The imbalance between 

the protective and detrimental effects of a polymorphism is 

a key factor in the development of smoking-related diseases 

at certain points in human lives. The exact mechanism by 

which lung cancer and asthma may be caused by tobacco is 

yet to be discovered. Previous studies have demonstrated that 

smoking leads to innate immune reduction, facilitating dif-

ferent parasite colonization and host infection.44 The results 

of the present study suggested that tobacco smoking may 

promote different diseases by influencing single-nucleotide 

variations in TLR genes.

Conclusion
In summary, this study improved the understanding of the 

genetic basis of smoking and, consequently, the potential 

diseases related to smoking. In addition, this study also 

provided potential targets for future therapeutic intervention. 

Further insight into the genetic factors affected by smoking 

could lead to new approaches for smoking cessation as well 

as the prevention and treatment of many diseases caused by 

cigarette smoking. It is important to note that this study has 

many limitations, including sex-based sample collection 

due to the social traditions of the country where this study 

was performed.
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Table S1 Description of the selected snPs

Gene SNP ID SNP location SNP type Amino acid/nucleotide change Ancestral allele

TLR2 rs3804100 nc_000004.11:g.154625409 exon ser450ser T . c
rs3804099 nc_000004.11:g.154624656 exon asn199asn c . T

TLR6 rs3796508 nc_000004.11:g.38830116 exon Val327Met g . a
rs5743810 nc_000004.11:g.38830350 exon ser249Pro c . T

Abbreviations: snP, single-nucleotide polymorphism; Tlr, toll-like receptor.
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