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Abstract

Introduction: Previous studies have found associations between polymorphisms in some candi-

date genes and chronic obstructive pulmonary disease (COPD) risk. However, the association

between TLR2 and TLR9 polymorphisms and COPD risk remains uncertain.

Methods: Four variants (rs352140, rs3804099, rs3804100, and rs5743705) of the TLR2 and TLR9

genes in 540 COPD patients and 507 healthy controls were genotyped using the Agena MassARRAY

system. Odds ratio (OR) and 95% confidence interval (CI) were calculated to assess the associa-

tion of TLR2 and TLR9 polymorphisms with COPD risk by logistic regression analysis.

Results: TLR9-rs352140, TLR2-rs3804100, and TLR2-rs5743705 were related to a lower risk of

COPD among Chinese people and the significance still existed after Bonferroni correction. Addi-

tionally, rs3804099, rs3804100, and rs352140 were found to be associated with COPD develop-

ment in different subgroups (males, age � 68 years, smokers, BMI < 24 kg/m2, and acute

exacerbation).

Conclusions: Our findings indicated that TLR9 and TLR2 polymorphisms had protective effects on

the development of COPD among Chinese people.

© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
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Introduction

Chronic obstructive pulmonary disease (COPD) is chronic

bronchitis and/or emphysema characterized by airflow

obstruction, eventually leading to chronic respiratory fail-

ure. It has been reported that the prevalence of COPD in

adults over 40 years old worldwide ranges from 5% to 10%.1

Furthermore, COPD is currently the third leading cause of

death globally.2 In 2015, the overall incidence of COPD in

China was 13.6%, and men were more significantly affected

than women.3 In addition, COPD poses enormous challenges

to health care systems worldwide because of its high preva-

lence, morbidity, and mortality.4 Therefore, it is necessary

to explore the pathogenesis and etiology of COPD.

To the best of our knowledge, cigarette smoking, air pol-

lution, and biomass fuels are important causative factors for

COPD development.5-7 Moreover, genome-wide association

studies (GWAS) have shown that single-nucleotide polymor-

phisms (SNPs) are significantly associated with COPD suscep-

tibility and are involved in multiple aspects of COPD

pathogenesis.8,9 Deng et al. have found that SERPINA1-

rs8004738 could augment the risk of COPD in Chinese peo-

ple.10 A meta-analysis conducted by Zhang et al. also indi-

cated that the TNF-a-308 G/A polymorphism increases the

susceptibility to COPD among Asians.11 Taken together, these

results suggest an important role of SNPs of some candidate

genes in the development of COPD.

Toll-like receptor 2 (TLR2) and Toll-like receptor 9 (TLR9)

belong to the Toll-like receptor (TLR) family which plays an

essential role in chronic respiratory diseases.12-14 A previous

study has revealed that TLR4 participates in the pathogene-

sis of asthma and COPD.15 TLR5 could inhibit COPD exacerba-

tion by mediating lung immune stimulation.16 Moreover,

there is increasing evidence indicating that TLR2 is elevated

in patients with COPD, asthma, and bronchiectasis.17,18

Besides, TLR9 deletion improves smoke-induced loss of lung

function and inflammation in mice, and TLR9 is required for

emphysema development.19 Meanwhile, Nadigel et al. have

recognized that TLR9 is abnormally expressed in lung CD8+ T

cells in patients with COPD.20 These findings demonstrate

the critical roles of TLR2 and TLR9 in COPD and other chronic

respiratory diseases.

Therefore, we conducted a case-control study of 1047

subjects and investigated the correlation of TLR2 and TLR9

gene polymorphisms with COPD risk to further elucidate

their roles in COPD development.

Materials and methods

Study population

In the present study, we used G*power software (version

3.1.9.7) to calculate the minimum required sample size

based on the probability of a type I error of alpha = 5%, and

type II error of beta = 15% (power = 85%). This calculation

generated a sample of at least 450 cases and 450 controls.

Accordingly, this study recruited 540 COPD patients and 507

healthy controls, which was larger than the sample size

required for G*power software. All participants were

recruited from Hainan General Hospital. Patients were

assessed by pulmonary function examination according to

the Global Initiative for Chronic Obstructive Lung Disease.21

Individuals with forced expiratory volume in 1 second (FEV1)

/ forced vital capacity (FVC) < 70% and predicted FEV1 <

80% after inhaling bronchodilators were included in this

study. Patients with lung cancer, bronchitis, pulmonary fibro-

sis, tuberculosis, asthma, and other respiratory diseases

were excluded. The healthy controls came from the physical

examination center of the same hospital. Healthy subjects

who had no lung dysfunction, no lung-related disease, no

other chronic diseases and disorders, and no history of can-

cers were included in the control group. The schematic

representation of work-flow is shown in Fig. 1.

This study was approved by the hospital ethics commit-

tee. And all experimental procedures followed the Declara-

tion of Helsinki. At the same time, informed consent was

obtained from each participant.

Selection and genotyping of SNPs

Three variants (rs3804099, rs3804100, and rs5743705) in

TLR2 and one variant (rs352140) in TLR9 were selected from

the dbSNP database. All SNPs had minor allele frequencies

(MAFs) larger than 1% in the 1000 Genomes Project. Total

DNA was isolated from whole blood using the DNA extraction

kit (GoldMag Co., Ltd., Xi’an, China). DNA concentration

was measured by NanoDrop 2000 spectrophotometer

(ND2000; Thermo Scientific, Waltham, MA, USA). Genotyping

of TLR2 and TLR9 polymorphisms was performed using the

Agena MassARRAY analyzer 4 (Agena Bioscience, San Diego,

CA, USA). The primers of four SNPs are presented in Supple-

mentary Table 1.

Data analysis

Student’s t-test and Pearson’s x
2 test were applied to ana-

lyze the distribution of continuous variables (age and BMI)

and categorical variables (sex and smoking) in the two

groups, respectively. The Hardy-Weinberg equilibrium

(HWE) for the control group was detected by the x
2 test.

Fig. 1 The schematic representation of work-flow.
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Logistic regression analysis was performed to estimate the

correlation between TLR2 and TLR9 variants and COPD sus-

ceptibility. P < 0.05 represented statistical significance.

Bonferroni correction was used to correct for multiple test-

ing.

Results

Basic information about subjects and candidate

SNPs

The characteristics of the study population (including 540

COPD patients and 507 healthy controls) are summarized in

Table 1. The average ages of COPD patients and controls

were 70.65 § 10.22 years and 66.08 § 5.22 years, respec-

tively. In addition, the distributions of age (p < 0.001) and

BMI (p < 0.001) were significantly different between COPD

patients and healthy controls. However, there was no signifi-

cant difference in sex (p = 0.979) and smoking (p = 0.622)

distributions between the two groups.

Table 2 displays the main information about candidate

SNPs in TLR9 and TLR2 genes. We found that these four

SNPs (rs352140, rs3804099, rs3804100, and rs5743705)

were synonymous variants and met HWE (p > 0.05).

According to the prediction from the HaploReg database

Ta gge dEn dTa gge dP(https://pubs.broadinstitute.org/mammals/haploreg/hap

loreg.php), rs352140, rs3804099, rs3804100, and

rs5743705 were associated with the regulation of pro-

moter histone marks, enhancer histone marks, GRASP

QTL hits, selected eQTL hits, SiPhycons, and motif

changes.

Association of TLR9 and TLR2 polymorphisms with

COPD risk

Table 3 exhibits the association of TLR9 and TLR2 poly-

morphisms with COPD risk. TLR9-rs352140 was found to

be associated with a decreased risk of COPD in the allele

(OR = 0.70, 95% CI = 0.58-0.83, p = 6.70E-05), homozy-

gote (OR = 0.51, 95% CI = 0.34-0.75, p = 0.001), hetero-

zygote (OR = 0.67, 95% CI = 0.51-0.88, p = 0.005),

dominant (OR = 0.63, 95% CI = 0.48-0.81, p = 0.0004),

recessive (OR = 0.63, 95% CI = 0.43-0.90, p = 0.012), and

additive (OR = 0.70, 95% CI = 0.58-0.84, p = 0.0002) mod-

els. Meanwhile, TLR2-rs3804100 and TLR2-rs5743705

were also related to a reduced risk of COPD in the allele

(rs3804100: OR = 0.76, 95% CI = 0.63-0.93, p = 0.006;

rs5743705: OR = 0.49, 95% CI = 0.32-0.74, p = 0.0007),

heterozygote (rs3804100: OR = 0.65, 95% CI = 0.49-0.84,

p = 0.001; rs5743705: OR = 0.46, 95% CI = 0.29-0.72,

p = 0.001), dominant (rs3804100: OR = 0.66, 95%

Table 1 Characteristics of COPD patients and healthy controls.

Variables COPD patients (n=540) Controls (n=507) p

Age (years) 70.65§10.22 66.08§5.22 < 0.001a

Sex (male/female) 350/190 329/178 0.979b

Smoking status (yes/no) 235/305 213/294 0.622b

Body mass index 20.21§3.13 24.19§3.19 < 0.001a

Disease stage

Acute exacerbation 276 (51.1%)

Stable stage 237(43.9%)

Missing 27 (5.0%)

Smoking time (years)

�40 139 (25.7%)

<40 122 (22.6%)

Missing 279 (51.7%)

COPD: chronic obstructive pulmonary disease.

pa and pb values were calculated by t-test and x
2 test, respectively.

Table 2 Basic information about TLR9 and TLR2 polymorphisms.

SNP Gene Chromosome Allele Location MAF HWE HaploReg

(minor/major) Control Case p-value

rs352140 TLR9 3p21.2 T/C Synonymous 0.408 0.324 0.780 Promoter histone marks; Enhancer

histone marks; GRASP QTL hits;

Selected eQTL hits

rs3804099 TLR2 4q31.3 C/T Synonymous 0.338 0.305 0.770 GRASP QTL hits; Selected eQTL hits

rs3804100 TLR2 4q31.3 C/T Synonymous 0.296 0.243 0.520 Enhancer histone marks

rs5743705 TLR2 4q31.3 C/T Synonymous 0.064 0.032 0.250 SiPhycons; Enhancer histone

marks; Motifs changed

SNP: single nucleotide polymorphism; MAF: minor allele frequency; HWE: Hardy-Weinberg equilibrium.

p values were calculated by x2 test.
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Table 3 Logistic regression analysis of associations between TLR9 and TLR2 polymorphisms and COPD risk.

SNP Gene Model Genotype Case Control OR (95% CI) p pc

rs352140 TLR9 Allele C 726 (67.6%) 599 (59.2%) 1.00

T 348 (32.4%) 413 (40.8%) 0.70 (0.58-0.83) 6.70E-05 0.0003*

Codominant CC 179 (35.4%) 250 (46.5%) 1.00

TC 241 (47.6%) 226 (42.1%) 0.67 (0.51-0.88) 0.005 0.018*

TT 86 (17%) 61 (11.4%) 0.51 (0.34-0.75) 0.001 0.003*

Dominant CC 179 (35.4%) 250 (46.5%) 1.00

TT-TC 327 (64.6%) 287 (53.5%) 0.63 (0.48-0.81) 0.0004 0.002*

Recessive TC-CC 420 (83%) 476 (88.6%) 1.00

TT 86 (17%) 61 (11.4%) 0.63 (0.43-0.90) 0.012 0.048*

Additive — — — 0.70 (0.58-0.84) 0.0002 0.001*

rs3804099 TLR2 Allele T 751 (69.5%) 670 (66.2%) 1.00

C 329 (30.5%) 342 (33.8%) 0.86 (0.71-1.03) 0.103 0.411

Codominant TT 220 (43.5%) 269 (49.8%) 1.00

CT 230 (45.5%) 213 (39.4%) 0.78 (0.60-1.02) 0.066 0.266

CC 56 (11.1%) 58 (10.7%) 0.86 (0.57-1.32) 0.493 1.000

Dominant TT 220 (43.5%) 269 (49.8%) 1.00

CT-CC 286 (56.5%) 271 (50.2%) 0.79 (0.62-1.02) 0.075 0.300

Recessive TT-CT 450 (88.9%) 482 (89.3%) 1.00

CC 56 (11.1%) 58 (10.7%) 0.97 (0.65-1.45) 0.890 1.000

Additive — — — 0.88 (0.73-1.06) 0.165 0.640

rs3804100 TLR2 Allele T 818 (75.7%) 714 (70.4%) 1.00

C 262 (24.3%) 300 (29.6%) 0.76 (0.63-0.93) 0.006 0.024*

Codominant TT 248 (48.9%) 318 (58.9%) 1.00

CT 218 (43%) 182 (33.7%) 0.65 (0.49-0.84) 0.001 0.005*

CC 41 (8.1%) 40 (7.4%) 0.76 (0.47-1.24) 0.271 1.000

Dominant TT 248 (48.9%) 318 (58.9%) 1.00

CT-CC 259 (51.1%) 222 (41.1%) 0.66 (0.52-0.86) 0.002 0.006*

Recessive TT-CT 466 (91.9%) 500 (92.6%) 1.00

CC 41 (8.1%) 40 (7.4%) 0.91 (0.57-1.47) 0.710 1.000

Additive — — — 0.76 (0.63-0.93) 0.008 0.033*

rs5743705 TLR2 Allele T 1045 (96.8%) 947 (93.6%) 1.00

C 35 (3.2%) 65 (6.4%) 0.49 (0.32 -0.74) 0.0007 0.003*

Codominant TT 441 (87.2%) 506 (93.7%) 1.00

CT 65 (12.8%) 33 (6.1%) 0.46 (0.29-0.72) 0.001 0.003*

CC 0 (0%) 1 (0.2%) / / /

Dominant TT 441 (87.2%) 506 (93.7%) 1.00

CT-CC 65 (12.8%) 34 (6.3%) 0.47 (0.30-0.73) 0.001 0.003*

Recessive TT-CT 506 (100%) 539 (99.8%) 1.00

CC 0 (0%) 1 (0.2%) / / /

Additive — — — 0.49 (0.32-0.75) 0.001 0.004*

SNP: single nucleotide polymorphism; OR: odds ratio; CI: confidence interval.

p values were calculated by logistic regression analysis adjusted by age, sex, and smoking.

pc values were calculated after Bonferroni correction.

Bold values indicate statistical significance (p < 0.05) and * indicates significance after Bonferroni correction.
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CI = 0.52-0.86, p = 0.002; rs5743705: OR = 0.47, 95%

CI = 0.30-0.73, p = 0.001), and additive (rs3804100:

OR = 0.76, 95% CI = 0.63-0.93, p = 0.008; rs5743705:

OR = 0.49, 95% CI = 0.32-0.75, p = 0.001) models. More-

over, all of these genetic models of TLR9-rs352140, TLR2-

rs3804100, and TLR2-rs5743705 remained statistically sig-

nificant even after Bonferroni correction (pc < 0.05).

Next, we performed stratified analysis based on age, sex,

smoking, BMI, and disease stage. According to sex-stratified

analysis (Table 4), TLR9-rs352140 decreased the susceptibil-

ity to COPD in males in the allele (OR = 0.65, 95% CI = 0.52-

0.82, p = 0.0002), homozygote (OR = 0.48, 95% CI = 0.29-

0.81, p = 0.006), heterozygote (OR = 0.59, 95% CI = 0.42-

0.84, p = 0.004), dominant (OR = 0.57, 95% CI = 0.41-0.79,

p = 0.001), and additive (OR = 0.66, 95% CI = 0.52-0.84,

p = 0.001) models, and the significance existed after Bonfer-

roni correction.

In age-stratified analysis (Table 4), we found that TLR2-

rs3804099 reduced the likelihood of developing COPD in indi-

viduals younger than 68 years in the allele (OR = 0.76, 95%

CI = 0.59-0.99, p = 0.039), heterozygote (OR = 0.65, 95%

CI = 0.44-0.95, p = 0.028), dominant (OR = 0.64, 95%

CI = 0.45-0.93, p = 0.017), and additive (OR = 0.73, 95%

CI = 0.56-0.97, p = 0.029) models. However, the significance

was lost after Bonferroni correction (pc > 0.05). Likewise,

rs3804100 was also correlated with a lower risk of COPD in

the allele (OR = 0.64, 95% CI = 0.48-0.85, p = 0.002), hetero-

zygote (OR = 0.55, 95% CI = 0.37-0.81, p = 0.002), dominant

(OR = 0.55, 95% CI = 0.38-0.79, p = 0.001), and additive

(OR = 0.64, 95% CI = 0.48-0.86, p = 0.003) models, and the

association remained significant after Bonferroni correction

(pc < 0.05).

In Table 5, the CT (OR = 0.59, 95% CI = 0.38-0.90,

p = 0.015) and CT-CC (OR = 0.64, 95% CI = 0.43-0.96,

p = 0.030) genotypes of rs3804100 decreased the occur-

rence of COPD among smokers, but there was no signifi-

cant difference when Bonferroni correction was

performed (pc > 0.05). When stratified by BMI (Table 5),

rs352140 decreased the susceptibility to COPD in individ-

uals with BMI < 24 kg/m2 under the allele (OR = 0.68,

95% CI = 0.53-0.89, p = 0.005), homozygote (OR = 0.44,

95% CI = 0.25-0.76, p = 0.003), dominant (OR = 0.68, 95%

CI = 0.46-1.00, p = 0.049), recessive (OR = 0.50, 95%

CI = 0.30-0.82, p = 0.006), and additive (OR = 0.69, 95%

CI = 0.53-0.90, p = 0.006) models. However, after Bonfer-

roni correction (pc < 0.05), the significance persisted

under all genetic models except the dominant model.

Meanwhile, the CT genotype (OR = 0.61, 95% CI = 0.41-

0.90, p = 0.012) of rs3804100 was found to be correlated

with a lower risk of COPD and its association remained

significant when Bonferroni correction was conducted

(pc < 0.05). Rs3804100 under the dominant model

(OR = 0.63, 95% CI = 0.43-0.92, p = 0.016) significantly

decreased the risk of COPD, and the significance was lost

after Bonferroni correction (pc < 0.05).

When stratified by disease stage (Table 6), the C

allele of TLR2-rs3804100 was associated with an

increased risk of COPD in patients with acute exacerba-

tion of COPD compared with the T allele (OR = 1.36,

95% CI = 1.02-1.81, p = 0.037). However, TLR2-

rs3804100 failed to retain its significance after Bonfer-

roni correction (pc < 0.05).

Discussion

Numerous studies have illustrated that TLR2 and TLR9 genes

participate in the development and progression of

COPD.18,20 At the same time, we found TLR9-rs352140,

TLR2-rs3804100, and TLR2-rs5743705 had protective effects

on the development of COPD among Chinese people and the

significance remained after Bonferroni correction. Addition-

ally, rs352140, rs3804100, and rs3804099 were correlated

with COPD susceptibility in different subgroups. Our results

further confirmed the importance of TLR2 and TLR9 genes in

COPD development. Furthermore, the study of these poly-

morphisms of TLR2 and TLR9 may provide new insights into

the prevention and treatment of COPD.

The TLR2 gene is located on human chromosome 4q31.3

and has been reported to be involved in COPD develop-

ment.22 Some research has reported that several SNPs of

TLR2 could influence the occurrence of chronic respiratory

diseases, including COPD.23,24 A meta-analysis has also dis-

covered that TLR2-rs4696480 is related to an increased risk

of asthma and is a risk factor for asthma.25 Rs1898830 and

rs11938228 of TLR2 have been proved to participate in FEV1

decline.24 In our study, the correlation of rs3804099,

rs3804100, and rs5743705 with COPD susceptibility was

investigated among the Chinese population. We found that

these three SNPs reduced the risk of COPD in the overall

group and different subgroups. Rs3804099 decreased the

susceptibility to COPD in individuals aged � 68 years, while

it increased the risk of asthma in a mixed-ancestry cohort.26

In addition, some studies have demonstrated that rs3804100

is correlated with an increased risk and severity of

tuberculosis,27,28 which is inconsistent with our results. The

reasons for this contradiction are likely due to the heteroge-

neity of the disease and racial differences. In a word, these

data underscore the vital role of TLR2 polymorphisms in

COPD development.

The TLR9 gene is found on chromosome 3p21.2 and plays

a crucial role in the pathogenesis of COPD.19,20 The TLR9-

rs187084 polymorphism is associated with diminished FEV1%

predicted and affects the progression of COPD among the

European population.29 In addition, rs352140 of TLR9 has

been reported to be correlated with many diseases, includ-

ing bacterial meningitis,30 tuberculosis,31 malaria,32 and

inflammatory bowel disease.33 Nevertheless, rs352140 has

not been studied in COPD. As far as we know, this research is

the first to investigate the association between rs352140

and COPD risk and suggests that rs352140 has a protective

effect on COPD development.

Synonymous mutations can interrupt the formation of

correct mRNA secondary structures, reduce the accuracy

and speed of translation, and even alter the start of tran-

scription.34 Moreover, some research has demonstrated that

synonymous mutations could alter disease susceptibility by

affecting the expression of mRNA and protein of candidate

genes.35,36 Therefore, we speculated that synonymous

mutations (rs352140, rs3804099, rs3804100, and rs5743705)

could alter disease susceptibility by influencing the expres-

sion of TLR2 and TLR9. We will perform functional experi-

ments to verify our hypothesis in follow-up studies.

Admittedly, there are some limitations in our study.

Firstly, only one SNP in TLR9 and three SNPs in TLR2 were

analyzed, and more polymorphisms of these two genes

ARTICLE IN PRESS
JID: PULMOE [mSP6P;October 26, 2022;13:46]

5

Pulmonology 00 (xxxx) 1�9



Table 4 Age- and sex-stratified analysis of the association between TLR9 and TLR2 polymorphisms and COPD risk.

Sex Male Female

Gene SNP Model Genotype OR (95% CI) pa pc OR (95% CI) pa pc

TLR9 rs352140 Allele C 1.00 1.00

T 0.65 (0.52�0.82) 0.0002 0.001* 0.77 (0.57-1.03) 0.082 0.327

Codominant CC 1.00 1.00

TC 0.59 (0.42-0.84) 0.004 0.015* 0.82 (0.51-1.32) 0.418 1.000

TT 0.48 (0.29-0.81) 0.006 0.022* 0.57 (0.30-1.07) 0.082 0.245

Dominant CC 1.00 1.00

TT-TC 0.57 (0.41-0.79) 0.001 0.003* 0.75 (0.47-1.17) 0.201 0.800

Recessive TC-CC 1.00 1.00

TT 0.62 (0.38-1.02) 0.058 0.224 0.63 (0.35-1.13) 0.122 0.360

Additive — 0.66 (0.52-0.84) 0.001 0.003* 0.76 (0.56-1.04) 0.089 0.352

Age > 68 years � 68 years

Gene SNP Model Genotype OR (95% CI) pb pc OR (95% CI) pb pc

TLR2 rs3804099 Allele T 1.00 1.00

C 1.04 (0.76-1.42) 0.802 1.000 0.76 (0.59-0.99) 0.039 0.154

Codominant TT 1.00 1.00

CT 0.90 (0.57-1.42) 0.658 1.000 0.65 (0.44-0.95) 0.028 0.083

CC 1.35 (0.64-2.84) 0.436 1.000 0.62 (0.33-1.16) 0.134 0.402

Dominant TT 1.00 1.00

CT-CC 0.98 (0.64-1.51) 0.927 1.000 0.64 (0.45-0.93) 0.017 0.068

Recessive TT-CT 1.00 1.00

CC 1.41 (0.69-2.89) 0.347 1.000 0.77 (0.42-1.39) 0.377 1.000

Additive — 1.06 (0.77-1.46) 0.709 1.000 0.73 (0.56-0.97) 0.029 0.108

TLR2 rs3804100 Allele T 1.00 1.00

C 0.98 (0.71-1.36) 0.893 1.000 0.64 (0.48-0.85) 0.002 0.007*

Codominant TT 1.00 1.00

CT 0.85 (0.54-1.34) 0.471 1.000 0.55 (0.37-0.81) 0.002 0.007*

CC 1.13 (0.48-2.65) 0.779 1.000 0.54 (0.26-1.11) 0.095 0.284

Dominant TT 1.00 1.00

CT-CC 0.89 (0.58-1.37) 0.591 1.000 0.55 (0.38-0.79) 0.001 0.005*

Recessive TT-CT 1.00 1.00

CC 1.21 (0.53-2.77) 0.657 1.000 0.69 (0.34-1.40) 0.307 0.900

Additive — 0.96 (0.69-1.35) 0.816 1.000 0.64 (0.48-0.86) 0.003 0.011*

SNP: single nucleotide polymorphism; OR: odds ratio; CI: confidence interval.

pa values were calculated by logistic regression analysis adjusted by age and smoking.

pb values were calculated by logistic regression analysis adjusted by age, sex, and smoking.

pc values were calculated after Bonferroni correction.

Bold values indicate statistical significance (p < 0.05) and * indicates significance after Bonferroni correction.
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Table 5 Correlation between TLR9 and TLR2 polymorphisms and COPD risk stratified by smoking and BMI.

Smoking Smoking Non-smoking

Gene SNP Model Genotype OR (95% CI) pa pc OR (95% CI) pa pc

TLR2 rs3804100 Allele T 1.00 1.00

C 0.81 (0.60-1.08) 0.149 0.596 0.73 (0.56-1.04) 0.055 0.201

Codominant TT 1.00 1.00

CT 0.59 (0.38-0.90) 0.015 0.045* 0.73 (0.51-1.04) 0.077 0.307

CC 0.91 (0.44-1.89) 0.809 1.000 0.67 (0.34-1.33) 0.253 1.000

Dominant TT 1.00 1.00

CT-CC 0.64 (0.43-0.96) 0.030 0.120 0.72 (0.51-1.01) 0.054 0.216

Recessive TT-CT 1.00 1.00

CC 1.15 (0.57-2.31) 0.706 1.000 0.76 (0.39-1.50) 0.433 1.000

Additive — 0.79 (0.58-1.08) 0.137 0.560 0.77 (0.59-1.01) 0.063 0.248

BMI � 24 kg/m2
< 24 kg/m2

Gene SNP Model Genotype OR (95% CI) pb pc OR (95% CI) pb pc

TLR9 rs352140 Allele C 1.00 1.00

T 0.70 (0.44-1.11) 0.126 0.505 0.68 (0.53-0.89) 0.005 0.020*

Codominant CC 1.00 1.00

TC 0.65 (0.32-1.31) 0.224 0.673 0.79 (0.52-1.19) 0.263 1.000

TT 0.58 (0.20-1.62) 0.297 0.891 0.44 (0.25-0.76) 0.003 0.013*

Dominant CC 1.00 1.00

TT-TC 0.63 (0.32-1.21) 0.165 0.640 0.68 (0.46-1.00) 0.049 0.188

Recessive TC-CC 1.00 1.00

TT 0.71 (0.27-1.90) 0.497 1.000 0.50 (0.30-0.82) 0.006 0.030*

Additive — 0.72 (0.45-1.17) 0.188 0.720 0.69 (0.53-0.90) 0.006 0.022*

TLR2 rs3804100 Allele T 1.00 1.00

C 0.95 (0.59-1.55) 0.851 1.000 0.76 (0.57-1.01) 0.059 0.235

Codominant TT 1.00 1.00

CT 0.63 (0.30-1.29) 0.205 0.616 0.61 (0.41-0.90) 0.012 0.048*

CC 2.45 (0.75-8.01) 0.138 0.413 0.78 (0.37-1.65) 0.514 1.000

Dominant TT 1.00 1.00

CT-CC 0.81 (0.42-1.58) 0.542 1.000 0.63 (0.43-0.92) 0.016 0.060

Recessive TT-CT 1.00 1.00

CC 2.96 (0.93-9.44) 0.067 0.216 0.97 (0.47-2.00) 0.925 1.000

Additive — 1.08 (0.64-1.83) 0.773 1.000 0.75 (0.56-1.00) 0.050 0.204

SNP: single nucleotide polymorphism; OR: odds ratio; CI: confidence interval.

pa values were calculated by logistic regression analysis adjusted by age and smoking.

pb values were calculated by logistic regression analysis adjusted by age, sex, and smoking.

pc values were calculated after Bonferroni correction.

Bold values indicate statistical significance (p < 0.05) and * indicates significance after Bonferroni correction.
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should be investigated. Secondly, all subjects were Han Chi-

nese from the same hospital, so selection bias was inevita-

ble. Thirdly, the molecular mechanism by which TLR2 and

TLR9 polymorphisms affect COPD susceptibility remains

unclear, which should be further explored in subsequent

studies.

Conclusions

To sum up, we are the first to reveal that TLR9 and TLR2

polymorphisms have protective effects on the development

of COPD among Chinese people. The investigation into these

synonymous mutations may shed new light on the prevention

and treatment of COPD.
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