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Several evidences suggested that Toll-like receptor 9 (TLR9) plays an important role in atherosclerosis and 
neuroprotection but the association between the TLR9 and risk for stroke or outcomes after stroke has not been investigated. 
The aim of the present study was to investigate the association between TLR9 polymorphisms and the risk for ischemic 
stroke using a case-control study design. We also explored the correlation between the polymorphisms and outcomes 
after stroke. We enrolled consecutive Korean stroke patients and controls without history of stroke. Four polymorphisms, 
namely c.-1486T>C, c.-1237C>T, c.1174A>G, and c.2848G>A were examined using polymerase chain reaction 
followed by direct sequencing. Initially we examined 193 stroke patients and the same number of healthy adults who 
had no history of stroke as controls. Due to deviation from Hardy-Weinberg equilibrium of initial controls, we performed 
genetic analysis of two polymorphisms (c.1174A>G and c.2848G>A) for additional 165 controls. The genotype frequency 
of four polymorphisms did not differ significantly between stroke patients and controls in unadjusted analysis. The 
variant allele (C) in c.-1486 locus was associated with significantly increased chance of favorable functional outcome at 
three month after stroke (OR 2.32, 95% CI 1.02~5.26, p = 0.043). 
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INTRODUCTION 

 

Atherosclerosis in carotid artery or intracranial artery is 

one of the most important causes of ischemic stroke (1). 

For initiation and progression of atherosclerosis, inflam- 

mation and immune systems play an important role (2, 3). 

Both innate and adaptive immune systems are associated 

with atherosclerosis. Toll-like receptor (TLR), a pattern 

recognition receptor usually expressed on membranes of 

macrophage, is central to the innate immune system (4, 5). 

Genetic variations in genes encoding several TLRs affected 

the susceptibility of certain infectious disease and athero- 

sclerosis (6). 

TLR9 produces various pro-inflammatory cytokines and 

plays an important role in the cellular response to bacterial 

DNA (7). Recently several evidences suggested that TLR9 

plays an important role in atherosclerosis. The activation of 
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TLR9 facilitated the formation of foam cells in vitro (8) and 

TLR9 expression was found in human carotid atherosclerotic 

plaque (9). In contrast, preconditioning with a TLR9 ligand 

induced neuroprotection against ischemic injury in mice 

stroke model, which was mediated by brain tumor necrosis 

factor (10, 11). However, the association between the TLR9 

polymorphisms and risk of stroke or the effect of TLR9 

polymorphism on stroke severity or clinical outcome has 

not been investigated yet. Therefore, the aims of the present 

study are to investigate whether the TLR9 polymorphisms 

increase the risk of stroke using a case-control study design, 

and to examine the effects of the TLR9 polymorphisms on 

stroke severity and outcomes among Korean stroke patients. 

 

PATIENTS AND METHODS 

Study participants 

We enrolled consecutive Korean patients with acute 

ischemic stroke aged more than 20 years old, who had been 

admitted to Jeju National University Hospital within 7 days 

of symptom onset between Apr 2009 and May 2010. They 

were diagnosed as acute ischemic stroke through neuro- 

logical examination, cranial computed tomography, or mag- 

netic resonance imaging. The controls were healthy Korean 

adults who visited the hospital for a regular checkup and 

had no history of stroke. To verify the stroke free status, the 

interviewer asked each control if he or she had been advised 

as having had a stroke by a physician or had ever experienced 

hemiparesis, hemisensory loss, or speech difficulty. We 

received written informed consent from all participants and 

this study was approved by the Institutional Review Board 

of Jeju National University Hospital. 

Clinical and laboratory assessment 

Fasting venous blood was drawn for laboratory evaluation 

of hemoglobin, fasting blood glucose from all participants. 

We measured height, body weight, systolic and diastolic 

blood pressure from all participants. Body mass index was 

calculated by dividing the body weight (in kilograms) by 

the height (in meters) squared. 

Hypertension was defined as a blood pressure of at least 

140/90 mmHg or the use of an antihypertensive agent. Dia- 

betes mellitus was defined as a fasting blood glucose level 

of at least 126 mg/dl or the use of antidiabetic medication. 

Smoking status was determined by self-reporting as a smoker 

(current or ex-smoker) or nonsmoker. Ischemic stroke was 

classified as large-artery atherosclerosis (LAA), small-vessel 

occlusion (SVO), cardioembolism (CE), ischemic stroke of 

undetermined etiology (UDE), or ischemic stroke of other 

determined etiology (ODE) according to the Trial of Org 

10172 in Acute Stroke Treatment criteria (12). The severity 

of stroke was measured using initial National Institutes of 

Health Stroke Scale (NIHSS) score on the day of admission 

(13). Functional outcome of index stroke was measured at 

three months after onset using modified Rankin score (mRS) 

(14). We dichotomized clinical outcome as favorable (mRS 

0 to 1) versus poor (mRS 2 to 6). 

Genetic analysis 

In this study, we examined four polymorphisms, namely 

c.-1486T>C, c.1237C>T, c.1174A>G, c.2848G>A, which 

showed higher minor allele frequencies among TLR9 

polymorphisms (15). DNA was extracted from peripheral 

blood from the participants using the bead beater-phenol 

extraction method (16). The exact sequences of the primers 

used for genotyping of the four polymorphisms were pro- 

vided as Table 1. Polymerase chain reaction (PCR) for 

c.-1486T>C, c.-1237C>T, c.1174A>G, c.2848G>A were 

performed respectively. The PCR parameters were 5 min at 

95℃, followed by 40 cycles of 45 sec at 94℃, 45 sec at 

60℃, 60 sec at 72℃ with termination using a final exten- 

sion step at 72℃ for 10 min. The PCR products were 

electrophoresed on a 1.2% agarose gel and purified using a 

QIAEX II gel extraction kit (Qiagen Inc, Hilden, Germany) 

according to the manufacturer's instructions and sequenced 

using a BigDye Terminator Cycle Sequencing kit (Perkin- 

Elmer Applied Biosystems, Warrington, UK) respectively. 

Nucleotide sequences were analysed using BioEdit software 

(version 5.0.9.1; T. A. Hall Software, Ibis Biosciences, 

Carlsbad, CA), CHROMAS version 2.33 and BLAST (Basic 

Local Alignment Search Tool). 
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Statistical analysis 

For statistical analysis, we compared the baseline charac- 

teristics between the stroke patients and controls using 

chi-square test for categorical variables and Student t-test 

for continuous variables. To assess deviation from Hardy-

Weinberg equilibrium (HWE) and to compare the genotype 

and allele frequency between controls and stroke patients, 

chi-square test was used for the analysis (17). After un- 

adjusted analysis, multivariable logistic regression analysis 

was used to estimate independent association between 

polymorphism and risk for stroke with adjustments for age, 

sex, laboratory findings and vascular risk factors. Since the 

atherothrombotic type of ischemic stroke was expected to 

show significant associations with TLR9 polymorphisms 

based on previous research, we planned to repeat the analysis 

for patients with atherothrombotic subtypes of ischemic 

stroke, namely LAA or SVO to investigate the association 

between TLR9 polymorphisms and risk of atherothrombotic 

stroke for subgroup analysis. To explore the associations 

between TLR9 polymorphisms and stroke severity, we used 

analysis of covariance with the baseline NIHSS score as a 

dependent variable to adjust for other covariates. Multi- 

variable logistic regression analysis was used to assess the 

association between TLR9 polymorphisms and stroke out- 

comes at three month in addition to unadjusted analysis. 

Stata 12 (StataCorp. TX, USA) for Windows was used for 

all statistical analyses. 

 

RESULTS 

Characteristics of participants 

During enrollment period, 199 stroke patients were 

admitted. Among them, six patients refused the participation. 

In addition, 193 healthy adults who had no history of stroke 

were enrolled as controls. The mean age of 386 participants 

were 66±12 years, and 60% were men. Compared with 

controls, stroke patients were more likely to be older, to have 

hypertension, diabetes mellitus, and smoking habit, and to 

show elevated fasting blood glucose, systolic and diastolic 

blood pressure (Table 2). 

Of 193 patients with ischemic stroke, almost 90% (173 

patients) were diagnosed with cerebral infarction; the 

remaining 10% (20 patients) were diagnosed with transient 

ischemic attack. LAA was the most common subtype of 

ischemic stroke (51 patients, 26.4%), followed by SVO (49 

patients, 25.4%), UDE (48 patients, 24.9%), CE (19 patients, 

9.8%), and ODE (6 patients, 3.1%). Brain MRI was per- 

formed in 181 patients (93.8%). MRA was performed in 

169 patients (87.6%) and conventional catheter cerebral 

angiography was done in 21 patients (10.9%). The median 

with interquartile range (IQR) of the initial NIHSS was 3 

(1~6). Clinical outcomes were available for 181 patients; 

favorable clinical outcomes (mRS 0-1) were found in 122 

patients (67.4%) at three months after the index stroke. 

Table 1. The sequences of the primers used for the genotypes of four polymorphisms in this study 

Locus Direction Sequence 

c.-1486T>C Forward 5'-TCATTCAGCCTTCACTCAGAAA-3' 
 Reverse 5'-ACCTCCCACCCCAGATCT-3' 

c.-1237C>T Forward 5'-TAAGAAGGCTGGATGGCCCT-3' 

 Reverse 5'-GGGACCTGCCACCCG-3' 

c.1174A>G Forward 5'-AATTCTGAGTCCAAGACTGGGTCT-3' 

 Reverse 5'-GCTGGAGCTCACAGGGTAGG-3' 

c.2848C>T Forward 5'-AGGCTGAGGTGGCGCA-3' 

 Reverse 5'-CGGAGATGTTTGCCCAGCT-3' 
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Results of genetic analysis 

For c.-1237C>T polymorphism, the frequency of minor 

allele was only 2% and no homozygote was found for C 

allele. The genotype frequency of two promotor region 

polymorphisms (c.-1486T>C and c-1237C>T) did not 

significantly differ between stroke patients and controls (chi-

square test, p = 0.126 and p = 0.787, respectively). The risk 

for stroke did not differ significantly between stroke patients 

and controls by genotypes, and it remained nonsignificant 

after adjustments for age, sex, BMI, history of hypertension, 

diabetes mellitus, smoking, hemoglobin, and fasting blood 

glucose (Table 3). 

Unexpectedly, the distributions of c.1174A>G and 

c.2848C>T in control subjects showed significant deviation 

from the estimated frequency of HWE (chi-square test, p = 

0.013 and p = 0.059, respectively) possibly due to random 

bias. Therefore, we performed genetic analysis of two 

polymorphisms for additional 165 controls without history 

of stroke. After addition of 165 controls, the deviation from 

the distribution of HWE disappeared (chi-square test, p = 

0.129 and p = 0.204, respectively). The frequency of geno- 

Table 2. Baseline characteristics of 193 stroke patients and 193
controls 

 Control 
(n=193) 

Stroke 
(n=193) p 

Demographic 
characteristics    

Age, years  67±12  65±12 <0.001

Sex, men 116 (60.1) 116 (60.1) 1.000

BMI, kg/m2 24.8±3.2 24.1±3.3 0.068

Vascular risk factors    

Hypertension  67 (34.7) 120 (62.2) <0.001

Diabetes mellitus  30 (15.5)  57 (29.5) 0.001

Smoking  58 (30.1)  84 (43.5) 0.006

Laboratory findings    

Hemoglobin 13.1±2.1 13.7±2.1 0.009

Fasting blood 
glucose, mg/dl 110±46 131±53 <0.001

Systolic blood 
pressure, mmHg 131±17 156±26 <0.001

Diastolic blood 
pressure, mmHg  79±12  88±14 <0.001

BMI, body mass index. Data are mean ± SD values or n (%). 
Analyzed by t-test, Wilcoxon signed rank test, or chi-square test 
according to the type of variables 

Table 3. Genotype distribution of the c.-1486T>C and c.-1237T>C promotor polymorphisms between stroke patients and controls and the
unadjusted and adjusted risk of stroke by the genotypes 

Locus Genotype Control (%) 
(n=193) 

Stroke (%) 
(n=193) 

Odd ratio 
(95% CI) p Adjusted OR* 

(95% CI) p 

c.-1486T>C TT  62 (32.1)  76 (39.4) Reference - Reference - 

 TC 107 (55.4)  87 (45.1) 0.66 (0.42~1.05) 0.066 0.85 (0.46~1.55) 0.594 

 CC  24 (12.4)  30 (15.5) 1.02 (0.52~2.02) 0.952 1.28 (0.85~1.92) 0.242 

 TC+CC 131 (67.9) 117 (60.6) 0.73 (0.47~1.13) 0.137 1.01 (0.58~1.76) 0.966 

 Minor allele 
frequency  77 (40.0)  73 (38.0) 0.92 (0.60~1.41) 0.676   

c.-1237T>C TT 187 (96.9) 185 (95.9) Reference - Reference - 

 TC  6 (3.1)  8 (4.1) 1.35 (0.40~4.81) 0.586 2.19 (0.53~9.09) 0.279 

 CC 0 0 NA NA NA NA 

 TC+CC 6 8 1.35 (0.40~4.81) 0.586 2.19 (0.53~9.09) 0.279 

 Minor allele 
frequency  4 (2.0)  4 (2.0) 1.00 (0.18~5.45) 1.000   

*Adjusted for age, sex, BMI, history of hypertension, diabetes mellitus, smoking, hemoglobin, and fasting blood glucose 
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types did not differ significantly between 193 stroke patients 

and 358 controls for those two polymorphisms (chi-square 

test, p = 0.388 and p = 0.215, respectively). The risk for 

stroke did not differ significantly between stroke patients 

and controls by genotypes, and it remained nonsignificant 

after adjustments for age, sex, BMI, history of hypertension, 

diabetes mellitus, smoking, hemoglobin, and fasting blood 

glucose (Table 4). Similarly, for subgroup analysis with 

100 atherothrombotic stroke patients and controls, the risk 

for stroke did not differ significantly by genotypes of four 

TLR9 polymorphisms both in unadjusted and in adjusted 

analyses. 

Associations of TLR9 polymorphisms on stroke severity 

and outcome 

Initial stroke severity measured by NIHSS score did not 

differ significantly between the patients with wild type and 

the patients with variant allele for all polymorphisms both 

in unadjusted analysis and adjusted analysis (Table 5). The 

proportion of favorable outcome at three month (mRS 0 to 

Table 5. Baseline NIHSS score by TLR polymorphisms 

 Unadjusted analysis Adjusted analysis* 

Polymorphism Wild Variant p Wild Variant p 

c.-1486T>C 5.1 (3.7~6.5) 4.4 (3.5~5.3) 0.283 4.3 (2.0~6.5) 3.4 (1.3~5.6) 0.269 

c.-1237T>C 4.6 (3.8~5.4)  6.4 (1.8~11.0) 0.236 3.9 (1.8~6.0)  5.5 (0.7~10.2) 0.441 

c.1174A>G 4.8 (3.9~5.6) 4.2 (2.5~6.0) 0.390 4.0 (1.9~6.1) 2.9 (0.3~5.5) 0.281 

c.2848C>T 5.1 (3.7~6.5) 4.4 (3.5~5.3) 0.634 4.1 (1.8~6.3)  3.5 (1.3~5.71) 0.498 

Values are mean (95% CI) or adjusted mean (95% CI) *Adjusted for age, sex, onset to arrival time, hypertension, diabetes mellitus,
hyperlipidemia, atrial fibrillation, smoking, fasting blood glucose and TOAST classification. NIHSS, National Institutes of Health Stroke 
Scale; mRS, modified Rankin score. 

Table 4. Genotype distribution of the c.1174A>G and c.2848C>T polymorphisms between stroke patients and controls and risk of stroke 
by the genotype 

Locus Genotype Control 
(n=358) 

Stroke 
(n=193) 

Odd ratio 
(95% CI) p Adjusted OR* 

(95% CI) p 

c.1174A>G AA 118 (33.0)  71 (36.8) Reference - Reference - 

 AG 187 (52.2)  89 (46.1) 0.79 (0.53~1.19) 0.236 1.00 (0.60~1.67) 0.999 

 GG  53 (14.8)  33 (17.1) 1.03 (0.59~1.80) 0.898 1.18 (0.84~1.66) 0.339 

 AG+GG 240 (67.0) 122 (63.2) 0.84 (0.58~1.24) 0.367 1.08 (0.67~1.73) 0.761 

 Minor allele 
frequency 147 (40.0)  77 (40.0) 0.95 (0.66~1.38) 0.790   

c.2848C>T CC 115 (32.1)  75 (38.9) Reference - Reference - 

 CT 186 (52.0)  86 (44.6) 0.71 (0.47~1.06) 0.081 1.04 (0.62~1.73) 0.881 

 TT  57 (15.9)  32 (16.6) 0.86 (0.49~1.49) 0.573 1.13 (0.81~1.57) 0.474 

 CT+TT 243 (67.9) 118 (61.1) 0.74 (0.51~1.09) 0.113 1.09 (0.68~1.74) 0.730 

 Minor allele 
frequency 150 (42.0)  75 (39.0) 0.74 (0.51~1.09) 0.113   

*Adjusted for age, sex, BMI, history of hypertension, diabetes mellitus, smoking, hemoglobin, and fasting blood glucose 
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1) did not differ significantly between wild and variant 

allele for all polymorphisms in unadjusted analysis. After 

adjustments for age, sex, onset to arrival time, hypertension, 

diabetes mellitus, hyperlipidemia, atrial fibrillation, smoking, 

fasting blood glucose and TOAST classification, and initial 

NIHSS score, the patients having the variant allele (C) in 

-1486 locus was associated with significantly increased 

chance of favorable functional outcome at three month (odd 

ratio, 2.32; 95% confidence interval, 1.02~5.26; p = 0.043) 

(Table 6). 

 

DISCUSSIONS 

 

The frequencies of genotypes of the four TLR9 poly- 

morphisms in this study were similar to those of other reports 

from Asian countries including China, Japan, and Korea 

(18~20). The frequency of variant allele in c.-1237T>C 

was only 2% and such rarity was also reported in the study 

from Japan (20). Since the significant deviation from HWE 

was found in c.1174A>G and c.2848C>T among control 

subjects, this led the analysis of additional 165 adults without 

history of stroke. 

In this study, we could not find any association between 

the four TLR9 polymorphisms and risk of stroke. The results 

could be explained by 1) since ischemic strokes have often 

multiple, heterogeneous mechanisms, the effect of polymor- 

phisms on the risk of stroke might be different according to 

the mechanisms of ischemic stroke. Although we examined 

the frequencies of genotypes according to subtype of 

ischemic stroke and found no significant difference among 

them, the analysis was not adequately powered due to small 

sample size when divided into four subtypes of ischemic 

stroke; 2) although the four polymorphisms were known to 

show differences of functional activities of TLR9 gene, those 

difference might not be sufficient to cause phenotypic change 

leading to stroke (21~23). 

Among four TLR9 polymorphisms, we found that the 

patients having the variant allele (C) in c.-1486 locus was 

associated with significantly increased chance of favorable 

functional outcome at three month after adjustment for other 

clinical and laboratory findings. In patients with stroke, 

TLR2 and TLR4 expression was significantly higher in 

patients with poor clinical outcome and correlated well with 

the level of inflammatory makers including interleukin 1β, 

tumor necrosis factor α, and interleukin 6 (24, 25). In 

contrast, animal research showed preconditioning with TLR9 

ligand CpG oligodeoxynucleotide induced neuroprotection 

against ischemic injury through cerebral tumor necrosis 

factor (10, 11). Because gene expression and subsequent 

inflammatory response could vary with TLR9 genotype in 

human, our findings may suggest the different level of 

ischemic preconditioning by TLR9 genotype which led to 

significant differences in favorable functional outcomes in 

stroke patients (26). Therefore, the exact role of different 

TLR9 genotypes on gene expression and resultant neuro- 

protection in human stroke should be investigated further 

in large scale clinical study because the ligand can be 

developed as a neuroprotective agent in human stroke prior 

to initiation of standard thrombolytic therapy. 

This study is subject to several limitations. We had rather 

Table 6. Unadjusted and adjusted odd ratios for favorable clinical outcomes at three month by TLR genotypes 

Polymorphism Unadjusted OR (95% CI) p Adjusted OR (95% CI) p 

c.-1486T>C 1.60 (0.81~3.15) 0.142 2.32 (1.02~5.26) 0.043 

c.-1237T>C 0.47 (0.06~3.64) 0.355  1.24 (0.11~13.38) 0.861 

c.1174A>G 1.23 (0.48~3.45) 0.653 1.11 (0.36~3.38) 0.859 

c.2848C>T 1.17 (0.59~2.31) 0.620 1.74 (0.77~3.90) 0.180 

Adjusted for age, sex, onset to arrival time, hypertension, diabetes mellitus, hyperlipidemia, smoking, atrial fibrillation, fasting blood
glucose, TOAST classification, and initial NIHSS scores. 
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small sample size that led to initial deviation from HWE. 

We had to perform genetic testing in additional 165 adults 

without history of stroke. The small sample size could also 

affect the results of adjusted analysis for the associations 

between TLR9 genotype and stroke severity or outcomes 

because those results had wide confidence intervals. More- 

over, we did not have any laboratory information on the 

level of gene expression or biochemical markers for inflam- 

matory response after stroke that could support functional 

difference by TLR9 genotypes. Future studies should validate 

our finding using large sample size and tests for gene 

expression and level of inflammation. 

In conclusion, we could not find significant association 

between the four TLR9 polymorphisms and risk of stroke 

in this study. However, the variant allele in c.-1486 locus 

was associated with significantly improved functional out- 

comes after stroke, which warrants further exploration. 
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