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Background: The polymorphisms of the Toll-like receptor 4 (TLR4) gene are associated with lipid levels, such as serum total 
cholesterol, low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG). The aim of this study was to detect the association of 
the six polymorphisms in TLR4 gene and serum lipid levels and the risk of ischemic stroke (IS) in a Southern Chinese Han population.
Methods: Genotypes of six polymorphisms in TLR4 gene in 372 subjects (IS, 186 and healthy controls, 186) were determined by the 
Snapshot Technology. The relationship between TLR4 polymorphisms and serum lipid levels, risk of IS were analyzed.
Results: The levels of fasting blood glucose and triglyceride were higher, and the high-density lipoprotein cholesterol (HDL-C) level 
was lower in IS cases than those in controls. The allelic frequencies of TLR4 gene rs11536889 SNP (p=0.037) and rs1927914 SNP 
(p=0.036) were different between the IS and control groups. The rs11536889 C allele carriers had an increased risk of IS (odds ratio 
(OR)=1.278, 95% confidence interval (CI) =1.013–1.784, p=0.037 for C vs G alleles), and the G allele carriers of rs1927914 had 
a decreased risk of IS (OR=0.695, 95% CI=0.534–0.949, p=0.036 for G vs A allele) in the southern Chinese Han population.
Conclusion: The TLR4 rs11536889 and rs1927914 SNPs may be associated with decreased risk of IS in the Chinese population.
Keywords: ischemic stroke, the toll-like receptors 4, single-nucleotide polymorphisms

Introduction
Every year, there are over 15 million new cases of stroke worldwide, and stroke causes approximately 6 million deaths 
each year, accounting for about 10% of the total global deaths.1 As the process of population aging progresses, the disease and 
social burdens caused by strokes have become increasingly severe, and this situation is particularly prominent in regions such 
as sub-Saharan Africa and South Asia.2 Stroke is a major cause of disability and death in the aging population and about 85% 
of stroke are ischemic.3 The pathological process of ischemic stroke (IS), from the formation of atherosclerotic plaques to the 
ischemic-reperfusion injury of brain tissue, is the result of the combined effects of genetic factors and environmental factors.4 

It has been reported that single-nucleotide polymorphisms (SNPs) of toll-like receptor 4 (TLR4), tumor necrosis factor 
receptor-associated factor 6 (TRAF6), T-cell immunoglobulin and mucin domain 4 gene (TIMD4), and mitogen-activated 
protein kinase 4 (MAP2K4) are associated with the risk of IS in Southern Chinese Han Population, which indicating gene 
polymorphisms might have potential to predict the susceptibility of IS.5–8

Stroke is associated with immune response and inflammation responses, and Toll-like receptors (TLRs) play 
a significant role in this process. TLRs are a group of pattern recognition receptors expressed on the cell surface. 
When activated, they may trigger immune and inflammatory responses.9,10 TLR4 is a major member of the TLRs family, 
and the gene encoding TLR4 is located on chromosome 9q32-q33.11 TLR4 recognizes pathogen-associated molecular 
patterns (such as lipopolysaccharide) and damage-associated molecular patterns (such as heat shock proteins), thereby 
initiating downstream inflammatory signaling pathways, activating transcription factors such as nuclear factor -κB (NF- 
κB), and triggering the release of pro-inflammatory cytokines, thereby participating in immune responses and 
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inflammatory reactions.12,13 The myeloid differentiation factor 88 (MyD88) dependent activation of nuclear transcription 
factor-κB (NF-κB) is the main TLR-mediated inflammatory response signaling pathway.14 When TLR4 is exposed to its 
ligands, NF-κB is activated by MyD88, which results to the release of chemokines and cytokines, and induce adaptive 
immune–inflammation responses.15 The phosphorylation and expression level of TLR4 are associated with brain 
ischemic injury.16 It has been reported that TLR4 C1196T polymorphism was correlated with the occurrence of extra
cranial large artery stroke.17 TLR4 gene polymorphism A119C is significantly associated with stroke.18 The rs1927914 is 
located in the 5′ untranslated region (UTR) of the TLR4 gene, and it is associated with the expression of the TLR4 gene.19 

Gu et al discovered that TLR4 rs1927914 polymorphism was associated with the susceptibility of IS in a Chinese 
population.5 However, there are also some inconsistent research results. TLR4 Asp299Gly and Thr399Ile polymorphisms 
showed lack of association with IS.18,20,21

Based on the literature retrieval, a total of six TLR4 gene polymorphisms (rs11536889, rs1927914, rs7193343, 
rs10759932, rs11536879, and rs11536891) were found to be associated with the susceptibility of IS, but some of the 
research results of original studies failed to reach an agreement. One of the reasons is the association of TLR4 SNPs and 
the susceptibility to IS was different among different ethnics. Currently, we conducted a case-control study to analyze the 
association of these 6 TLR4 gene variants with the susceptibility to IS.

Materials and Methods
Study Design
Consecutive IS patients from the Department of Neurology, Meizhou People’s Hospital from January 2018 to July 2018 
were collected. The diagnosis of IS is based on the Chinese Stroke Association Guidelines for Clinical Management of 
Ischaemic Cerebrovascular Diseases22 The presence of ischemic changes in brain tissue is indicated by a head computed 
tomography (CT) or magnetic resonance imaging (MRI) examination.23 All IS cases had received rigorous examination 
from at least two experienced associate chief physicians from the Department of Neurology. Exclusion criteria are as 
follows: (1) patients with a history of unknown causes of stroke, intracranial space-occupying lesions, and infections; (2) 
patients with inflammatory diseases, heart diseases, liver diseases, kidney diseases, thyroid diseases and autoimmune 
diseases; and (3) incomplete clinical medical records.

A group of people who underwent health check-ups at Meizhou People’s Hospital during the same period were 
selected as controls. They had no history of stroke and ruled out cerebrovascular diseases through medical history 
inquiry, physical examination (neck vascular ultrasound, cranial computed tomography (CT), and magnetic resonance 
imaging (MRI)), and related laboratory tests. CT or MRI examinations. The exclusion criteria were the same as those of 
the case group. At the same time, their age and gender were required to be matched with those of the case group to 
reduce the influence of confounding factors. Based on the case group, the gender was matched to the control group at 
a ratio of 1:1.2 to 1:1.3, and the age matching accuracy was ±5 years.

All enrolled IS cases and control individuals were Han Chinese from Meizhou, Guangdong province, which is in the 
south of China. Present study was performed under the guidance of the Declaration of Helsinki and approved by the 
Ethics Committee of Medicine, Meizhou People’s Hospital.

Data Collection
For all IS cases and control participants, the sociodemographic information and lifestyle risk factors were collected by 
standardized self-reported questionnaires by trained research staff. Written informed consent was obtained from each 
participant before any of the study procedures were conducted.

Serum level of total cholesterol (TC) and triglycerides (TG) were measured by commercially kits (Medicalsystem 
Biotechnology Co., Ltd., Ningbo, China). The normal values of serum TC and TG were 3.10–5.17 mmol/L and 
0.56–1.70 mmol/L. Hyperlipidemic was defined as TC > 5.17 mmol/L and/or TG > 1.70 mmol/L. Serum level of high- 
density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C), apolipoprotein (Apo) A1 and 
ApoB were measured using commercial kits (Zhongshan Chuangyi Biochemical Engineering Co., Ltd., Zhongshan, 
China), performed with AU5800 Chemistry Analyzer (Beckman). The normal values of serum HDL-C and LDL-C were 
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0.91–1.81 mmol/L and 2.70–3.20 mmol/L, respectively. For ApoA1, ApoB levels and the ApoA1/ApoB ratio, the normal 
values were 1.00–1.78 g/L, 0.63–1.14 g/L, and 1.00–2.50. All above determinations were in accordance with the 
manufacturer’s instructions in the Clinical Laboratory Center, Meizhou People’s hospital.

DNA Isolation and Genotyping
Five milliliters of peripheral venous blood from the research subjects were collected and placed in an EDTA antic
oagulant tube, gently inverted and mixed the sample. The blood samples were stored in a refrigerator at 4°C and equally 
subdivided into three tubes on the day of blood drawn. One tube was used to extract the total DNA within 7 days of 
sample collection. The other two tubes were stored in a freezer at −80 °C. The total DNA was extracted with a TIANamp 
blood DNA kit (Tiangen Biotech, Beijing, China). A total of six polymorphisms in TLR4 gene were selected, such as 
rs11536889, rs1927914, rs7193343, rs10759932, rs11536879, and rs11536891. The Sequenom Assay Designer 3.1 
software was used to design the primers used in the polymerase chain reaction (PCR) amplification of the TLR4 gene. 
The genotypes were analyzed using the Sequenom MassARRAY iPLEX platform (Sequenom, San Diego, USA). 
Five percent of the subjects were randomly selected to repeat the genotyping. The status of the cases and the control 
subjects were blinded to laboratory technicians.

Statistical Analysis
This study is a 1:1 matched case-control study. The sample size was calculated based on the previous research data on the 
association between the TLR4 gene polymorphisms and ischemic stroke, using the Power Analysis and Sample Size 
(PASS) Software. The statistical parameters were set as follows: the significance level α = 0.05 (two-sided test), the 
power = 0.85, the adjustment coefficient for the potential confounding effect of the matching factors was set at 1.2. After 
calculation, at least 180 pairs (180 cases and 180 controls) of research subjects need to be included in the study.

Quantitative variables were presented as mean ± standard deviation (SD), and compared by the unpaired Student’s 
t-tests between IS cases and controls. Qualitative variables were expressed as percentages, and compared by chi-square 
test. Hardy-Weinberg equilibrium was verified with the standard goodness-of-fit test. The multiple comparisons of the 
association between SNPs and diseases were corrected using the Bonferroni correction method. Odds ratio (OR) and 95% 
confidence interval (CI) was calculated to assess the correlation between the risk of IS and genotypes by unconditional 
logistic regression. All the statistical analyses were conducted using the SPSS 24.0 software. p<0.05 is considered to be 
statistically significant.

Results
Clinical Characteristics of IS Cases and Controls
A total of 186 IS patients and 186 healthy control individuals were included and successfully genotyped. The 
characteristics of IS patients and healthy controls are shown in Table 1. The serum levels of TC, LDL-C and ApoB 
and ApoA1/ApoB were not different between the IS and control groups (all p > 0.05). The levels of fasting blood glucose 
(p<0.001) was higher, and the triglyceride (p=0.027), HDL-C (p<0.001), and Apo-A1 (p<0.001) levels were lower in IS 
cases than those in controls.

Genotypic and Allelic Frequencies
Genotype analyses were performed among 6 TLR4 gene variants. The genotypic distribution of these two SNPs was 
presented in Table 2. The genotypic distributions of these two SNPs were in accordance with the Hardy-Weinberg 
equilibrium among the subjects (all p>0.05). Only two of them, that is rs11536889 and rs1927914, showed significantly 
associated with the risk of IS. For rs11536889, the GG, GC, CC genotype frequencies were 62.4%, 30.1%, and 7.5% in 
controls; and 51.1%, 43.5%, and 5.4% in IS cases. For rs1927914, the AA, AG, GG genotype frequencies were 40.9%, 
44.1%, and 15.1% in controls; and 43.5%, 49.5%, and 7.0% in IS cases, respectively.

The G and C allele frequencies of rs11536889 were 77.4% and 22.6% in controls, 72.8% and 27.2% in IS cases; the 
A and G allele frequencies of rs1927914 were 62.9% and 37.1% in controls, 68.3% and 31.7% in IS cases, respectively. The 
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allelic frequencies of TLR4 gene rs11536889 SNP (p=0.037) and rs1927914 SNP (p=0.036) were different between the IS 
and control groups. The G allele carriers of rs11536889 and G allele carriers of rs1927914 had a decreased risk of IS.

Genotype and Allele Frequencies of rs11536889, rs1927914, rs7193343, rs10759932, 
rs11536879, and rs11536891 and the Risk of IS
The rs11536889 C allele carriers had an increased risk of IS (OR=1.587, 95% CI=11.050–2.399, p=0.028 for CG/GG vs 
GG genotypes, Table 2; OR=1.278, 95% CI=1.013–1.784, p=0.037 for C vs G alleles, Table 3). The G allele carriers of 
rs1927914 had a decreased risk of IS (OR=0.436, 95% CI=0.210–0.903, p=0.025 for AG/GG vs AA genotypes, Table 2; 
OR=0.695, 95% CI=0.534–0.949, p=0.036 for G vs A allele, Table 3).

Genotypes and Serum Lipid Levels
As shown in Table 4, no significant differences in the serum lipid parameters were found between the GG and GC/CC 
genotypes of rs11536889, and GG and AA/AG genotypes of rs1927914 (all p > 0.05).

Discussion
IS, as one of the leading causes of death and disability worldwide, imposes a heavy burden on society and families due to 
its high incidence, high recurrence rate and high disability rate.24,25 With the development of molecular genetics and 
genomics technologies, more and more studies have focused on the association between genetic polymorphisms and 
ischemic stroke, attempting to reveal the pathogenesis of the disease at the genetic level and providing theoretical basis 
for early prevention, precise diagnosis and individualized treatment of the disease.26,27 Studies have shown that the TLR4 
gene is associated with the development of IS. It might be related to the fact that TLR4, as a key pattern recognition 
receptor in the innate immune system, plays a role in inflammatory responses and immune regulation.28,29

TLR4, as a key member of the pattern recognition receptor family, plays an important role in identifying pathogen- 
associated molecular patterns (PAMPS) and endogenous danger signals.30,31 When polymorphic changes occur in the 
TLR4 gene, it may affect the structure and function of the protein it encodes, thereby interfering with the activation of 
downstream inflammatory signaling pathways.32,33 Mutations at sites such as rs4986790 and rs4986791 can enhance the 
sensitivity of TLR4 to ligands such as lipopolysaccharide (LPS),34 continuously activate inflammatory signaling path
ways such as NF-κB, lead to the massive release of pro-inflammatory cytokines such as IL-6 and TNF-α,35,36 and 
promote the instability and rupture of atherosclerotic plaques and increase the risk of IS.37

The current study investigated the relationship of TLR4 gene 6 SNPs (rs11536889, rs1927914, rs7193343, 
rs10759932, rs11536879, and rs11536891) with the risk of IS. The results showed that TLR4 SNPs rs1927914 and 
rs11536889 are associated with IS risk in the southern Chinese Han population. The rs1927914 is located in the 5′ 
untranslated region (UTR) of the TLR4 gene, and it is associated with the expression of the TLR4 gene.19 Gu et al showed 

Table 1 Comparison of the Clinical Characteristics and Serum Lipid Levels Between 
the IS Cases and Controls

Parameter IS (N=186) Controls (N=186) p value

Fasting blood glucose, mmol/L 6.69±3.29 5.50±1.50 <0.001 (t=−4.488)

TC, mmol/L 5.09±1.24 5.33±1.15 0.061 (t=1.883)

Triglyceride, mmol/L 1.57±0.86 1.89±1.73 0.027 (t=2.217)
LDL - C, mmol/L 3.02±0.90 3.18±1.75 0.253 (t=1.145)

HDL- C, mmol/L 1.31±0.35 1.49±0.38 <0.001 (t=3.598)

ApoA1, g/L 1.23±0.32 1.46±0.38 <0.001 (t=6.497)
ApoB, g/L 1.27±5.37 0.94±0.27 0.402 (t=−0.839)

ApoA1/ApoB 1.50±0.55 1.68±0.71 0.007 (t=2.703)

Abbreviations: IS, ischemic stroke; TC, total cholesterol; HDL -C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ 
ApoB, the ratio of apolipoprotein A1 to apolipoprotein B.
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Table 2 Genotype Distribution of rs11536889, rs1927914, rs7193343, rs10759932, rs11536879, and rs11536891 and the Risk of IS

SNP_ID Model Genotype IS Control Adjusted OR (95% CI)* p values SNP_ID Model Genotype IS Control Adjusted OR (95% CI)* p values

rs11536889 rs10759932

Codominant G/G 95(51.1%) 116(62.4%) 1 Codominant T/T 112(60.2%) 105(56.5%) 1

G/C 81(43.5%) 56(30.1%) 1.766(1.143–2.730) 0.010 T/C 70(37.6%) 67(36.0%) 0.979(0.638–1.503) 0.924

C/C 10(5.4%) 14(7.5%) 0.872(0.371–2.052) 0.754 C/C 4(2.2%) 14(7.5%) 0.268(0.085–0.840) 0.204

Dominant G/G 95(51.1%) 116(62.4%) 1 Dominant T/T 112(60.2%) 105(56.5%) 1

G/C+C/C 91(48.9%) 70(37.6%) 1.587(1.050–2.399) 0.028 T/C+C/C 74(39.8%) 81(43.5%) 0.856(0.567–1.294) 0.462

Recessive G/G+G/C 176(94.6%) 172(92.5%) 1 Recessive T/T+T/C 182(97.8%) 172(92.5%) 1

C/C 10(5.4%) 14(7.5%) 0.698(0.302–1.614) 0.401 C/C 4(2.2%) 14(7.5%) 0.270(0.087–0.836) 0.023

rs1927914 rs11536879

Codominant A/A 81(43.5%) 76(40.9%) 1 Codominant A/A 150(80.6%) 149(80.1%) 1

A/G 92(49.5%) 82(44.1%) 1.053(0.683–1.621) 0.816 A/G 34(18.3%) 33(17.7%) 1.023(0.602–1.739) 0.932

G/G 13(7.0%) 28(15.1%) 0.436(0.210–0.903) 0.025 G/G 2(1.1%) 4(2.2%) 0.497(0.090–2.753) 0.423

Dominant A/A 81(43.5%) 76(40.9%) 1 Dominant A/A 150(80.6%) 149(80.1%) 1

A/G+G/G 105(56.5%) 110(59.1%) 0.896(0.593–1.352) 0.600 A/G+G/G 36(19.4%) 37(19.9%) 0.966(0.579–1.612) 0.896

Recessive A/A+A/G 173(93.0%) 158(84.9%) 1 Recessive A/A+A/G 184(98.9%) 182(97.8%) 1

G/G 13(7.0%) 28(15.1%) 0.424(0.212–0.847) 0.015 G/G 2(1.1%) 4(2.2%) 0.495(0.089–2.734) 0.420

rs7193343 rs11536891

Codominant T/T 85(45.7%) 99(53.2%) 1 Codominant T/T 151(81.2%) 150(80.6%) 1

T/C 78(41.9%) 77(41.4%) 1.180(0.769–1.810) 0.449 T/C 35(18.8%) 34(18.3%) 1.023(0.606–1.726) 0.933

C/C 23(12.4%) 10(5.4%) 2.679(1.207–5.944) 0.015 C/C 0(0) 2(1.1%) – 0.999

Dominant T/T 85(44.1) 99(53.2%) 1 Dominant T/T 151(81.2%) 150(80.6%) 1

T/C+C/C 101(55.9) 87(46.8%) 1.352(0.899–2.033) 0.147 T/C+C/C 35(18.8%) 36(19.4%) 0.966(0.576–1.620) 0.895

Recessive T/T+T/C 163(87.2) 176(94.6%) 1 Recessive T/T+T/C 186(100.0%) 184(98.9%) 1

C/C 23(12.8) 10(5.4%) 2.483(1.147–5.376) 0.021 C/C 0(0) 2(1.1%) – 0.999

Notes: The genotype distribution of rs11536889, rs1927914, rs7193343, rs10759932, rs11536879, and rs11536891 conformed to the Hardy-Weinberg equilibrium among IS patients with p values of 0.168, 0.053, 0.441, 0.065, 0.962, and 
0.157, respectively. The genotype distribution of rs11536889, rs1927914, rs7193343, rs10759932, rs11536879, and rs11536891 conformed to the Hardy-Weinberg equilibrium among controls with p values of 0.058, 0.450, 0.314, 0.471, 
0.193, and 0.962, respectively. 
Abbreviations: IS, ischemic stroke; OR, odds ratio; CI, confidence interval.
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that TLR4 gene rs1927914 polymorphism was associated with the risk of IS in males.5 Our research also revealed that 
rs1927914 is significantly associated with the risk of IS in both men and women. Song et al showed that TLR4 rs1927911 
was associated with atherosclerotic cerebral infarction (ACI) in a Han Chinese population.38

A previous study conducted in the Guangxi Han population showed that the T-cell immunoglobulin and mucin 
domain 4 (TIMD4) gene rs6882076 SNP was strongly associated with the risk of CHD and IS and was associated with 
serum TG levels.8 In present study, the TLR4 gene polymorphisms were not associated with serum lipid levels. Zhu et al 
found that the TLR4 rs1928295 polymorphism was associated with the dietary patterns and blood lipid levels of Chinese 
Han children.39 A study among young college students in Mexico found that TLR4 gene polymorphisms were associated 
with changes in lipid profiles.40 The relationship between TLR4 gene polymorphism and blood lipid levels is consistent 
with the theory of the interaction between inflammation and lipid metabolism. TLR4, as a key node connecting innate 
immunity and lipid metabolism, its gene polymorphism can indirectly affect the lipid metabolism process by regulating 
the inflammatory response41 The variation of TLR4 gene polymorphism may change the affinity of TLR4 protein for 
ligands, over-activate the NF-κB signaling pathway, promote lipid uptake and foam cell formation in macrophages, and 
thereby lead to an increase in LDL-C levels.42,43 Meanwhile, inflammatory factors such as TNF-α can inhibit the 
degradation of apolipoprotein B in the liver and delay the clearance of LDL,44,45 while IL-6 may interfere with the 
activity of lipoprotein enzymes and affect the metabolism of triglycerides, ultimately leading to abnormal lipid profiles.46

The pathogenesis of IS involves multiple systems. Atherosclerosis is the most important pathological basis for it. By 
inducing vascular lumen stenosis, thrombosis and plaque detachment, it becomes the “initiating factor” for the 
occurrence of ischemic stroke. These processes may be closely related to inflammatory responses, immune activation, 
and vascular homeostasis.47–49 However, in the field of molecular biology, its potential etiological mechanism has not yet 
been clarified. Genetic factors play an important role in the pathogenesis of stroke, and IS is highly hereditary.50,51 

A number of studies have focused on the role of genetic factors in the risk assessment of IS, and have achieved certain 
research results.51–53 The present study proves that the G allele carriers of rs11536889 and G allele carriers of 
rs1927914 had a decreased risk of IS in the southern Chinese Han population. This research analysis provides a valuable 
supplement to the genetic risk assessment of ischemic stroke to a certain extent. Of course, further research should be 
conducted, especially by using group analysis in terms of gender to verify these findings.

Table 3 Allele Frequencies of rs11536889, rs1927914, rs7193343, rs10759932, 
rs11536879, and rs11536891 and the Risk of IS

SNP_ID Allele IS Control OR (95% CI) p value

rs11536889

G 271(72.8%) 288(77.4%) 1

C 101(27.2%) 84(22.6%) 1.278(1.013–1.784) 0.037
rs1927914

A 254(68.3%) 234(62.9%) 1

G 118(31.7%) 138(37.1%) 0.695(0.534–0.949) 0.036
rs7193343

T 248(66.7%) 275(73.9%) 1
C 124(33.3%) 97(26.1%) 1.418(1.1033–1.945) 0.051

rs10759932

T 294(79.0%) 277(74.5%) 1
C 78(21.0%) 95(25.5%) 0.774(0.550–1.088) 0.082

rs11536879

A 334(89.8%) 331(89.0%) 1
G 38(10.2%) 41(11.0%) 0.919(0.576–1.465) 0.406

rs11536891

T 337(90.6%) 334(89.8%) 1
C 35(9.4%) 38(10.2%) 0.913(0.563–1.480) 0.403

Abbreviations: IS, ischemic stroke; OR, odds ratio; CI, confidence interval.
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Table 4 Genotype Distribution of rs11536889 and rs1927914 and the Risk of IS

SNP_ID Genotype TC, mmol/L TG, mmol/L LDL - C, mmol/L HDL- C, mmol/L ApoA1, g/L ApoB, g/L ApoA1/ApoB

IS Control IS Control IS Control IS Control IS Control IS Control IS Control

rs11536889

G/G 5.23±1.20 5.33±1.24 1.61±0.92 1.81±1.69 3.13±0.86 3.27±2.15 1.30±0.32 1.45±0.34 1.22±0.31 1.46±0.34 0.90±0.25 0.95±0.29 1.45±0.54 1.69±0.77

G/C+C/C 4.96±1.27 5.32±0.99 1.54±0.80 2.01±1.79 2.90±0.92 3.05±0.71 1.33±0.38 1.45±0.44 1.24±0.33 1.47±0.43 1.65±7.67 0.93±0.23 1.55±0.56 1.66±0.59

p value 0.135 0.962 0.608 0.444 0.073 0.411 0.624 0.923 0.612 0.931 0.342 0.658 0.206 0.819

rs1927914

A/A+A/G 5.05±1.22 5.32±1.18 1.57±0.85 1.89±1.54 3.00±0.89 3.21±1.88 1.31±0.34 1.44±0.38 1.23±0.31 1.46±0.39 1.30±5.57 0.94±0.28 1.51±0.56 1.67±0.73

G/G 5.65±1.39 5.41±0.97 1.70±1.08 1.90±2.58 3.31±0.94 3.06±0.65 1.35±0.45 1.49±0.35 1.23±0.41 1.50±0.32 0.94±0.25 0.92±0.23 1.34±0.43 1.72±0.60

p value 0.092 0.683 0.592 0.968 0.225 0.684 0.715 0.515 0.973 0.597 0.819 0.713 0.292 0.700

Notes: The lipid levels are expressed as mean ± SD. 
Abbreviations: IS, ischemic stroke; TC, total cholesterol; TG, triglyceride; LDL-C, low - density lipoprotein cholesterol; HDL -C, high-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ApoA1/ApoB, 
the ratio of apolipoprotein A1 to apolipoprotein B.
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Although this research yielded some valuable results, it still has certain limitations. Firstly, as a complex disease, the 
occurrence of IS is the result of the interaction between genetic factors and environmental factors. This study did not 
include other potential factors that might affect the occurrence of IS for evaluation. Secondly, the sample size was 
relatively small, all patients came from a single center, and there was no validation cohort for verification, which may 
lead to insufficient statistical power and selection bias. Especially for the analysis of those loci with a low frequency of 
secondary alleles, the results need to be interpreted with caution. Thirdly, this study did not conduct classification 
analysis of different IS subtypes. In the future, more cases need to be included to analyze the risk factors of different IS 
subtypes. Finally, this study did not conduct functional validation experiments, and it cannot directly prove the influence 
of polymorphic loci on the function of TLR4 protein. Further verification needs to be conducted through combined cell 
models or animal experiments.

Conclusion
TLR4 rs11536889 and rs1927914 SNPs are associated with the risk of IS in the southern Chinese Han population. This 
result suggests that the polymorphism of the TLR4 gene may be a genetic susceptibility marker for IS. It has expanded 
the reference data related to IS risk prediction as well as individualized prevention and treatment. In the future, multi- 
center, large-sample, and cross-ethnic validation studies need to be conducted, and in combination with functional 
experiments, the molecular mechanism by which the TLR4 gene regulates the occurrence of IS should be further explored 
to further improve the genetic etiology theory of IS.
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