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1  |  INTRODUC TION

Atopic dermatitis (AD), also known as eczema, is the most common chronic 
inflammatory skin disease, adversely affecting 10%–20% of the pediatric 
population worldwide.1 The disorder, characterized by intense itching and 

recurrent eczematous lesions, seriously reduces pediatric patients’ quality 
of life and increases health care burden.2,3 Although the exact pathophys-
iology of AD remains unclear, genetic predisposition, immune dysregu-
lation, and epidermal barrier dysfunction have been thought to be the 
critical factors in the pathogenesis and development of AD.1,4,5
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Abstract
Background: Toll-like receptor 4 (TLR4) is considered to be involved in the pathogen-
esis and progression of atopic dermatitis (AD). In the present study, we evaluated the 
relationship between TLR4 gene polymorphisms and the susceptibility or severity of 
AD among Chinese Han children.
Methods: A total of 132 AD patients and 100 healthy controls were enrolled in this 
study. Four single-nucleotide polymorphisms (rs19277914, rs11536891, rs7869402, 
and rs11536889) of the TLR4 gene were genotyped by multiplex PCR combined with 
next-generation sequencing.
Results: Our results showed that a significantly reduced risk for AD was associated 
with C allele [p = 0.008; odds ratio (OR) = 0.41, C vs. T], TC genotype (p = 0.022; 
OR = 0.41, TC vs. TT), and TC + CC genotype (p = 0.010; OR = 0.39, TC + CC vs. TT) of 
TLR4 rs11536891. The frequency of the haplotype GCCG (rs1927914–rs11536891–
rs7869402–rs11536889) in AD patients was lower than that in the controls (p = 0.010; 
OR = 0.38). Moreover, the results indicated that a higher risk of severe AD was re-
lated to the T allele (p = 0.019; OR = 2.97, T vs. C) and the TC genotype (p = 0.021; 
OR = 3.34, TC vs. CC) of TLR4 rs7869402. A risk haplotype of TLR4 (GTTG) was found 
in severe AD patients (p = 0.010; OR = 5.26).
Conclusions: Our data suggested that TLR4 rs11536891 polymorphism was associ-
ated with the susceptibility to AD in Chinese Han children. And TLR4 rs7869402 might 
confer the severity of pediatric AD patients.
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Toll-like receptors (TLRs), a family of transmembrane proteins, rec-
ognize pathogen-associated molecular patterns and then enable the 
specific innate and adaptive immune responses.6 It is well established 
that TLRs are expressed in a variety of immune/inflammatory cells 
and associated with different infectious and immune-mediated dis-
eases.7 Among ten functional TLRs, TLR4 has been shown to be linked 
to atopic diseases including AD through mediating pro-inflammatory 
signals and immune intervention.7 Panzer et al.8 reported that the 
expression of TLR4 increased gradually from the basement layer to 
the upper stratum spinosum, including the granular layer in AD pa-
tients, while it was mainly located in the basement layer in normal skin. 
Moreover, the level of TLR4 expression in peripheral blood monocytes 
of patients with AD was higher than that of healthy subjects regard-
less of the severity of the disease.9 The results of an animal exper-
iment explored that TLR4 could attenuate the hapten-induced skin 
inflammation through the inhibition of langerin-positive dendritic cells 
migration, suggesting that TLR4 might serve as a modulator of inflam-
matory and immune response during AD development.6

The human TLR4 receptor gene is located on the chromosome 
(9q32-33). TLR4 single-nucleotide polymorphisms (SNPs) have been 
indicated to be involved in the pathogenesis of various inflammatory 
and immune-related disorders such as rheumatoid arthritis, asthma, 
and ulcerative colitis.10–14  Nevertheless, the results of the genetic 
researches on the effect of TLR4 SNPs in systemic vasculitis were in-
consistent.15–19 To our knowledge, previous studies on the relation-
ship between TLR4 SNPs and AD have been only performed in Italian 
children, Russians, Ukrainian children, and German population.20–22 
Up to now, there have been no studies on the linkage between 
TLR4 gene polymorphisms and AD in Chinese population. Therefore, 
the present study is carried out in this direction to explore the asso-
ciation of TLR4 gene SNPs with the susceptibility and severity of AD 
in Chinese Han children, so as to estimate the population-specific 
predictive effect of TLR4 genetic variation on AD.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

In this study, the children with AD visiting the dermatology clinic of 
the Children's Hospital of Zhejiang University School of Medicine 
were recruited from February 2021 to August 2021. The inclusion 

criteria were defined as follows: patients newly diagnosed with AD 
based on the AD diagnostic criteria of Hanifin and Rajka2; less than 
18 years old; all subjects and their parents agreed to participate in 
the study. Children with other skin diseases or any other systemic 
inflammatory and autoimmune disorders or a history of dermato-
logical medication were excluded. The severity of AD was evaluated 
according to the Severity Scoring of Atopic Dermatitis (SCORAD) 
index.2 In order to analyze the correlation between TLR4 gene SNPs 
and the AD severity, the cases were divided into two subgroups, and 
named as mild-to-moderate subgroup (index: 0–50) and severe sub-
group (index >50).23

During the same period, 100 unrelated healthy controls with no 
history of atopic or any other autoimmune diseases were selected 
from the children who underwent routine physical examination in 
the same hospital. All cases and controls enrolled in this study were 
of Chinese Han ethnicity. Their demographic and clinical information 
including gender and age were collected and described in Table 1. 
The study was adopted by the Institutional Ethics Committee of 
the Children's Hospital of Zhejiang University School of Medicine 
in accordance with the principles of the Declaration of Helsinki 
(2021-IRB-009).

2.2  |  Genomic DNA extraction and 
genotype assessment

Peripheral blood samples from each subject were collected in eth-
ylenediaminetetraacetic acid (EDTA) vials (1  ml). Two hundred mi-
crolitres of peripheral blood was taken from each sample for DNA 
extraction and genotype assessment. Genomic DNA was extracted 
using the Biospin Genomic DNA Purification Kit (BIOER Technology; 
#BSC06S1). Genomic DNA concentration and purity were deter-
mined by Nanodrop1000c spectrophotometer (Thermo Scientific). 
The integrity of DNA was then detected by agarose gel electropho-
resis (1%). The qualified DNA samples were stored at −20℃ until the 
genotype analysis and then at −80°C for long-term storage.

Four SNPs in TLR4  gene were selected including rs1927914, 
rs11536891, rs7869402, and rs11536889. Genotyping was 
evaluated by multiplex PCR combined with next-generation se-
quencing on Illumina X-10, a high-throughput genotyping plat-
form of Shanghai BioWing Applied Biotechnology Company 
(http://www.biowi​ng.com.cn/).24 The primers for TLR4 rs19​

TA B L E  1 The main demographics and clinical characteristics of AD patients and controls

Characteristics Number

Gender

p value

Age

p value
Male
[n (%)]

Female
[n (%)] Mean ± SD

Controls 100 66 (66.00) 34 (34.00) 0.131 4.9 ± 1.9 0.232

AD patients 132 73 (55.30) 59 (44.70) 2.6 ± 2.1

Mild-to-moderate 99 54 (54.55) 45 (45.45) 0.919 2.6 ± 2.2 0.723

Severe 33 19 (57.58) 14 (42.42) 2.5 ± 1.9

Abbreviations: AD, atopic dermatitis; SD, standard deviation.

http://www.biowing.com.cn/)
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27914 were 5′-GTTGATGGAGTCTACAAGAGTTTG-3′ (for-
ward) and 5′-TTGTAAAGCTTTTAGGACAGTGTC-3′ (reverse). 
The primers for TLR4 rs11536891 were 5′-TCAAAAC​TGGAAA​
TATG​ACCACAG-3′ (forward) and 5′-ACACAC​ACTTTCA​AATA​
CAC​ACAG-3′ (reverse). The primers for TLR4 rs7869402 were 
5′-TGGGATCCCTCCCCTGTAGC-3′ (forward) and 5′-AGGA​GCAT​
TGCCCAACAGG-3′ (reverse). The primers for TLR4 rs115​36889 
were 5′-CTTTAGGGAGACACAGATGGCTG-3′ (forward) and 
5′-GAACATTCTTTTCTGGGAACCTTC-3′ (reverse).

2.3  |  Statistical analysis

The software of Statistical Package for Social Science (SPSS) version 
22.0 for Windows (IBM) was used to perform the statistical analysis. 
Continuous variables were expressed as mean ± standard deviation, 
and t test or variance analysis was used for comparison between 
groups. The categorical variables were expressed as percentage or 
ratio. Fisher's exact test or Pearson's chi-square test was used for 
comparison between groups. Genotypic frequencies of all subjects 
were checked for Hardy-Weinberg equilibrium (HWE) before analy-
sis. HWE, linkage-disequilibrium, and haplotypes were performed by 
using Haploview version 4.2 program (D′ > 0.5 and r2 > 0.33 means 

strong linkage disequilibrium). All p values were bilateral, and 
p  <  0.05 was the threshold for statistical significance. The corre-
lation between TLR4 polymorphisms and susceptibility or severity 
of AD, was assessed under different genetic models (codominant, 
dominant, recessive). The unconditional logistic regression analysis 
was used to calculate the odds ratio (OR) and 95% confidence inter-
vals (CIs) of the different groups or subgroups.

3  |  RESULTS

3.1  |  General characteristics

This case-control study enrolled 132 AD patients and 100 healthy 
controls. As presented in Table 1, there were 73 males and 59 fe-
males in the case group, with a mean age of 2.6 ±  2.1 years. The 
control children with a mean age of 4.9  ±  1.9  years, consisted of 
66 males and 34 females. No significant difference was found be-
tween the cases and controls in gender and mean age. Among these 
cases, 99 (75.00%) were confirmed as mild-to-moderate and 33 
(25.00%) were diagnosed as severe in severity. There was no sig-
nificant difference in gender and average age between the mild-to-
moderate subgroup and the severe subgroup.

TA B L E  2 Allele frequencies of four TLR4 gene SNPs in AD cases and the controls

SNPs

Allele MAF HWE-p

OR (95% CI) p valueA/B AD Controls AD Controls

rs1927914 G/A 0.38 0.44 0.58 0.69 1.29 (0.89–1.87) 0.183

rs11536891 C/T 0.05 0.12 1.00 1.00 0.41 (0.20–0.81) 0.008*

rs7869402 T/C 0.07 0.06 1.00 1.00 0.95 (0.45–1.99) 0.889

rs11536889 C/G 0.25 0.24 0.35 0.26 1.06 (0.69–1.64) 0.780

Note: A: minor alleles; B: major alleles;
Abbreviations: AD, atopic dermatitis; CI, confidence interval; HWE-p, p-value of Hardy-Weinberg equilibrium; MAF, minor allele frequency; OR, odds 
ratio; SNP, single nucleotide polymorphism; TLR4, Toll-like receptor 4.
*Statistically significant (p < 0.05).

Genotype model
AD n = 132
[n (%)]

Control n = 100
[n (%)] OR (95% CI) p value

Codominant

TT 118 (89.39) 76 (76.77) 1.00

TC 14 (10.61) 22 (22.22) 0.41 (0.20–0.85) 0.022*

CC 0 (0) 1 (1.01) -

Dominant

TT 118 (89.39) 76 (76.77) 1.00

TC + CC 14 (10.61) 23 (23.23) 0.39 (0.19–0.81) 0.010*

Recessive

TT + TC 132 (100.00) 98 (98.99) 1.00

CC 0 (0) 1 (1.01) - 0.190

Abbreviations: AD, atopic dermatitis; CI, confidence interval; OR, odds ratio; TLR4, Toll-like 
receptor 4.
*Statistically significant (p < 0.05).

TA B L E  3 Genotype analysis of TLR4 
rs11536891 in codominant, dominant, 
and recessive models in AD cases and the 
controls
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The successful genotyping rate of the four SNPs was 99.57%–
100%. The distribution of all SNP genotypes in the case group, 
the control group, and each subgroup conformed to the HWE test 
(p > 0.05).

3.2  |  Gene polymorphisms in AD patients and 
healthy children

The allele frequencies of four TLR4 SNPs in AD cases and controls 
were shown in Table 2. The minor allele frequency (MAF) of TLR4 
rs11536891 was significantly different between AD patients and 
the healthy children (p = 0.008). Compared with T allele, the C allele 
of rs11536891 in TLR4 gene was associated with a reduced risk of 
AD (OR = 0.41, 95% CI: 0.20–0.81).

The genotype frequencies of four TLR4 SNPs in AD cohort 
and healthy controls were further analyzed in three genetic mod-
els including codominant, dominant, and recessive models. As 
shown in Table 3, a significant relevance was found between TLR4 
rs11536891 and AD susceptibility in both codominant and dominant 
model. The risk of AD in children with TC genotype was lower than 
that in children with TT genotype (OR = 0.41, 95% CI: 0.20–0.85, 
p = 0.022). Additionally, the frequency of rs11536891 TC + CC gen-
otype was significantly decreased as compared to that in TT geno-
type (OR = 0.39, 95% CI: 0.19–0.81, p = 0.010).

Nevertheless, the allele and genotype frequencies of the 
other three SNPs (rs1927914, rs7869402, and rs11536889) dis-
played no significant differences between AD patients and the 
controls.

Moreover, we estimated the linkage disequilibrium and haplo-
type construction. The four polymorphic sites of TLR4  gene were 
in a state of linkage disequilibrium with one another in all partici-
pants (All D′ > 0.5 and r2 > 0.33). As shown in Table 4, among the 
five haplotypes, the frequency of GCCG composed of rs1927914, 
rs11536891, rs7869402, and rs11536889 in TLR4 gene (TLR4/GCCG) 
was significantly lower in AD patients than in controls (OR = 0.38, 
95% CI: 0.18–0.79, p = 0.010, GCCG vs. ATCG).

3.3  |  Gene polymorphisms in mild-to-moderate 
cases and severe cases

As shown in Table  5, the MAF of TLR4 rs7869402 was signifi-
cantly different between mild-to-moderate cases and severe cases 
(p = 0.019). The T allele of rs7869402 was associated with a higher 
risk of severe AD, compared with C allele (OR  =  2.97, 95% CI: 
1.15–7.66).

As shown in Table 6, TLR4 rs7869402 was significantly related to 
the severity of AD in genotype analysis (p = 0.021). The risk of se-
vere AD in patients with TC genotype was significantly higher than 
that in patients with CC genotype (OR = 3.34, 95% CI: 1.22–9.14).

For allele and genotype frequency of the other three TLR4 
SNPs (rs1927914, rs11536891, and rs11536889), no significant 
differences were observed between severe subjects and mild-to-
moderate subjects.

All four polymorphic sites of TLR4 gene were in linkage disequi-
librium with one another in AD patients(All D′ > 0.5 and r2 > 0.33). As 
shown in Table 7, among the five haplotypes, the frequency of GTTG 
formed by rs1927914, rs11536891, rs7869402, and rs11536889 in 
TLR4 gene (TLR4/GTTG) was significantly higher in patients with se-
vere AD (OR = 5.26, 95% CI: 1.51–16.67, p = 0.010, GTTG vs. ATCG).

4  |  DISCUSSION

Genetic variation,immune disorder, and epidermal barrier dysfunc-
tion have been considered to be involved in the pathogenesis of 
AD.1,2,4,5  TLR4 is the main receptor of lipopolysaccharide, which 
participates in the perception of pathogens and triggers a pathogen-
specific immune response.6  Moreover, TLR4 is expressed on the 
surface of a multiple kinds of skin cells and implicated in the oc-
currence of several inflammatory skin diseases.7 Both animal and 
clinical researches to date have established that TLR4, as an am-
plifier of inflammatory response25 and a modular of immune re-
sponse,6 plays an important role in the initiation and progression of 
AD.8,9 Additionally, previous studies have demonstrated that some 

Haplotypes
AD n = 132
[n (%)]

Control n = 100
[n (%)] OR (95% CI) p value

(rs1927914, rs11536891, rs7869402, rs11536889)

ATCG 100 (38.13) 65 (33.26) 1.00 -

GTCG 66 (25.21) 51 (25.84) 0.89 (0.54 −1.45) 0.641

ATCC 62 (23.54) 45 (22.74) 0.96 (0.58–1.59) 0.879

GCCG 14 (5.30) 24 (12.16) 0.38 (0.18–0.79) 0.010*

GTTG 18 (6.74) 10 (5.24) 1.11 (0.46–2.70) 0.810

Note: The haplotype frequencies under 0.05 was not included in the haplotype analysis.
Abbreviations: AD, atopic dermatitis; CI, confidence interval; OR, odds ratio; TLR4. Toll-like 
receptor 4.
*Statistically significant (p < 0.05).

TA B L E  4 Haplotype frequencies of 
TLR4 gene for risk of AD
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TLR4 genetic variants are associated with the susceptibility to several 
atopic and autoimmune diseases, such as asthma, Henoch-Schönlein 
purpura, and rheumatoid arthritis.10,26,27 As far as we know, how-
ever, only a few studies were carried out to investigate the predic-
tive role of TLR4 genetic risk in AD. For instance, a study performed 
in Italian children detected the prevalence of TLR4-D299G (14.9%) in 
the patients with AD.20 Another genotyping study in Russia showed 
a strong association between AD and TLR4 (Asp299Gly).21 Besides, 
the meta-analysis study further presented a correlation between 
the polymorphism of TLR4 rs4986790 and a high risk of AD in the 
Caucasian population.22

In Chinese Han children, our results revealed an association 
between TLR4 polymorphisms and the susceptibility to AD. In 
contrast with T allele and TT genotype, children with C allele and 
TC genotype of TLR4 rs11536891 have a lower risk of AD. There 
was a significantly decreased risk of having AD disease in children 
with haplotype of TLR4/GCCG, which were composed of SNP 

rs1927914, rs11536891, rs7869402, and rs11536889. Considering 
the differences in TLR4  gene polymorphism in different ethnic 
populations, the other four SNPs instead of TLR4 Asp299Gly 
(rs4986790) were selected according to the procedural screening 
program under the specific conditions, as well as the reports from 
the TLR4 SNP-related studies.12,27–29 So far, very few studies have 
focused on the relevance of these four TLR4 SNPs with AD, even 
though they have been confirmed to play roles in the pathogenesis 
of the atopic and inflammatory diseases.10,12,26,27 Thus, our results 
could provide baseline information for analyzing the etiologic ef-
fect and the risk predictive ability of TLR4  gene polymorphisms 
on AD.

In addition to the etiology of AD, studies on prediction of the se-
verity of AD in patients remains challenging. Several inflammation-
associated gene polymorphisms are linked with the severity of 
AD, which could be used to predict potential severity.30,31 Our re-
sults showed the association of C allele and CC genotype of TLR4 

TA B L E  5 Allele frequencies of four TLR4 SNPs in patients with mild-to-moderate and severe AD

SNPs

Allele MAF HWE-p

OR (95% CI) p valueA/B Mild-to-moderate Severe Mild-to-moderate Severe

rs1927914 G/A 0.35 0.45 0.19 0.48 1.52 (0.87–2.68) 0.143

rs11536891 C/T 0.05 0.08 1.00 1.00 0.58 (0.19–1.80) 0.341

rs7869402 T/C 0.05 0.14 1.00 1.00 2.97 (1.15–7.66) 0.019*

rs11536889 C/G 0.23 0.29 0.78 0.39 0.75 (0.40–1.40) 0.364

Note: A: minor alleles; B: major alleles.
Abbreviations: AD, atopic dermatitis; CI, confidence interval; HWE-p, p-value of Hardy-Weinberg equilibrium; MAF, minor allele frequency; OR, odds 
ratio; SNP, single nucleotide polymorphism; TLR4, Toll-like receptor 4.
*Statistically significant (p < 0.05).

Genotype
Mild-to-moderate, 
n (%) Severe, n (%) OR (95% CI) p value

C/C 89 (89.90) 24 (72.73) 1.00

T/C 10 (10.10) 9 (27.27) 3.34 (1.22–9.14) 0.021*

Abbreviations: AD, atopic dermatitis; CI, 95% confidence interval; OR, odds ratio; TLR4, Toll-like 
receptor 4.
*Statistically significant (p < 0.05).

TA B L E  6 Genotype analysis of TLR4 
rs7869402 in patients with mild-to-
moderate and severe AD

Haplotypes
Mild-to-moderate
n = 99 [n (%)]

Severe
n = 33 [n (%)] OR (95% CI) p value

(rs1927914, rs11536891, rs7869402, rs11536889)

ATCG 83 (42.25) 17 (25.75) 1.00 -

GTCG 49 (24.92) 17 (26.18) 1.89 (0.83–4.17) 0.130

ATCC 44 (22.40) 18 (26.86) 2.04 (0.93–4.55) 0.074

GCCG 9 (4.55) 5 (7.58) 2.86 (0.78–10.00) 0.121

GTTG 10 (5.05) 8 (11.70) 5.26 (1.51–16.67) 0.010*

Note: The haplotype frequencies under 0.05 was not included in the haplotype analysis.
Abbreviations: AD, atopic dermatitis; CI, 95% confidence interval; OR, odds ratio; TLR4, Toll-like 
receptor 4.
*Statistically significant (p < 0.05).

TA B L E  7 Haplotype frequencies 
of TLR4 gene in patients with mild-to-
moderate and severe AD
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rs7869402 with severe AD. Meanwhile, the present study provided 
evidence that TLR4/GTTG might be the risk factor for severe AD 
patients. Molecular mechanism correlation studies indicated that 
TLR4-associated signaling pathways including janus kinase-signal 
transducer and activator of transcription (JAK-STAT), tumor necrosis 
factor (TNF), and mammalian target of rapamycin (mTOR) pathways, 
play certain roles in the development of atopic dermatitis.32–34 That 
might be the potential reason why TLR4 polymorphisms could be as-
sociated with the severity of AD, and the relevant mechanisms need 
to be explored in further investigation.

However, there are some shortcomings in the present study. The 
main limitation is that the sample size is still not enough to draw a 
more powerful conclusion, although the participants in this study 
have been proven to be representative in evaluating the compliance 
with HWE balance. In future, the multicenter studies with a larger 
sample size are needed to further investigate the relationship be-
tween genetic variation in TLR4 and AD. Moreover, for ethical con-
siderations, there is no in-depth examination on the expression of 
TLR4 in skin tissues of subjects, especially that in the skin of healthy 
controls. In addition, there were limited data on AD patients’ char-
acteristics such as serum immunoglobulin E, complement 3, comple-
ment 4, and cytokines (interferon-γ, interleukin-4, interleukin-10). 
This information would be helpful to analyze the severity and mo-
lecular mechanism of AD.

In conclusion, the present study revealed that the TC geno-
type of TLR4 rs11536891 and the TLR4/GCCG haplotype confer 
the decreased susceptibility to AD in Chinese Han children. TLR4 
rs7869402  TC genotype and the TLR4/GTTG haplotype might 
be used to predict a high risk of severe AD in Chinese pediatric 
population.
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