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Abstract 
Background: This study was performed to assess the association of TLR4 gene 2026A/G (rs1927914), 896A/G (rs4986790), 
and 1196C/T (rs4986791) polymorphisms and cancer susceptibility based on published case-control studies.

Methods: Web of Science, PubMed, Embase, CBM, WanFang Data, CNKI, and VIP database were used for article retrieving. 
Then, these articles were screened according to the study inclusion and exclusion criteria. The data was extracted, and the study 
quality was evaluated according to the principle of Newcastle-Ottawa Scale. Meta-analysis was performed by RevMan 5.4 and 
Stata MP-17 software. Trial sequential analysis was performed by TSA 0.9.5.10 Beta software.

Results: Eighty-seven case-control studies including 25,969 cases and 32,119 controls were included in the meta-
analysis. The diseases involved in case groups include prostate cancer, lung cancer, gastric cancer, hepatocellular 
carcinoma, colorectal cancer, etc. A versus G model of rs1927914, A versus G model of rs4986790 and C versus T model 
of rs4986791 showed that odds ratio (OR) = 1.08, OR = 0.85, and OR = 0.74 respectively. All the 3 comparisons were 
statistically significant. Sensitivity analysis showed that the results were stable. Publication bias analysis and trial sequential 
analysis showed that no significant publication bias was found in the results of the meta-analysis, and the probability of false 
positives was small.

Conclusion: People with A allele of rs1927914, G allele of rs4986790, or T allele of rs4986791 have higher risks of cancer. The 
results of meta-analysis are stable and have less probability of false positives.

Abbreviations: 95% CI = 95% confidence interval, NF-κB = nuclear factor kappa-B, OR = odds ratio, SNP = single nucleotide 
polymorphism, TLR4 = toll-like receptor 4, TSA = trial sequential analysis.
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1. Introduction
With the development of society, the prevalence of cancer is 
increasing. Cancer is a kind of disease caused by malignant 
proliferation of cells. It is invasive and has become one of the 
important diseases threatening people’s life quality and life 
span. Cancer is also a multi-factorial disease. In addition to life-
style, occupation and biological, physical and chemical factors 
in the environment, the influence of genetic factors has emerged 
as another crucial factor.[1]

Single nucleotide polymorphism (SNP) refers to the change 
of genetic information at the nucleotide locus of a gene.[2] It was 
previously believed that missense mutations altering the amino 
acid composition of translated proteins would lead to changes 
in genetic traits, susceptibility to disease and other outcomes.[2,3] 

However, a recent study published in Nature showed that many 
synonymous mutations are also harmful to organisms, rather 
than neutral or near neutral.[4] Both nonsense mutations and mis-
sense mutations may lead to changes in individual genetic traits 
to varying degrees, thus changing factors such as external perfor-
mance or susceptibility to disease.[4] Therefore, the study of the 
relationship between gene polymorphisms and disease suscepti-
bility can provide strong evidence for the genetic diagnosis and 
prevention of diseases and has important clinical significance.

Toll-like receptor 4 (TLR4) is one of the receptors that 
closely related to immunity.[5] SNPs of genes encoding TLR4 
often lead to a series of changes in the body’s immune sys-
tem, leading to certain diseases, such as immune related dis-
eases like asthma,[6] rheumatoid arthritis,[7] systemic lupus 
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erythematosus,[8] and even intracranial aneurysm,[9] hyperten-
sion,[10] and endometriosis.[11]

More and more case-control studies have confirmed that 
the SNPs of TLR4 gene 2026A/G (rs1927914), 896A/G 
(rs4986790), and 1196C/T (rs4986791) are related to the sus-
ceptibility and prognosis of prostate cancer,[12] lung cancer,[13] 
gastric cancer,[14] cervical cancer,[15] and many other cancers. 
However, most of the studies only focused on the same cancer 
type. Moreover, most of the patients included in a single study 
were confined to the same hospital, lowering the representa-
tiveness of the results. Therefore, focusing on case-control stud-
ies on the relationship between SNPs of TLR4 gene 2026A/G 
(rs1927914), 896A/G (rs4986790), and 1196C/T (rs4986791) 
and cancer susceptibility, meta-analysis and trial sequential 
analysis (TSA) were carried out in this paper. In this way, the 
secondary research results with data of multi centers and large 
samples were obtained, to give hints for clinical practice and 
basic research.

2. Methods

2.1. Study inclusion criteria

The study design of the included articles should be a publicly 
published case-control study. It should assess the association 
between TLR4 gene 2026A/G, 896A/G, and 1196C/T polymor-
phisms and cancer susceptibility. The case group consisted of 
patients with clinically and pathologically diagnosed cancer, 
and the control group consisted of healthy people. All the peo-
ple included in the study were not restricted by race, gender 
or age. Moreover, the articles should contain the numbers of 
people in the case and control groups with each genotype. The 
data quality should be reliable, and the results should be clearly 
expressed.

2.2. Study exclusion criteria

Articles with incomplete analytical data or unavailable after con-
tacting the original author, were not included in this meta-analy-
sis. Articles that were repeatedly published and retrieved, as well 
as articles whose original research object was not human, were 
also excluded.

2.3. Retrieval strategy

Web of Science, PubMed, Embase, CBM, WanFang Data, CNKI, 
and VIP database were used for retrieving. The retrieval time 
interval was from the date of database establishment to May 
31, 2022. Articles in the reference list were also reviewed to 
find eligible case-control studies. The retrieval was carried out 
by combining free words with subject words. The key words 
used include TLR4, TLR4, cancer, carcinoma, malignant tumor, 
neoplasm, lymphoma, SNP, polymorphism, variant, SNP, etc. 
Taking PubMed as an example, its retrieval strategy is shown 
in Table 1.

2.4. Article screening and data extraction

The 2 researchers independently screened the articles, 
extracted the data, and performed independent cross exam-
ination on them. Disputes were settled through discussion 
with a third party. When screening articles, the title was read 
firstly to exclude apparently unrelated articles. Then, the 
abstract and full text was further read to determine whether 
it could be included. If necessary, the author will be con-
tacted by email to obtain the key information that has not 
been mentioned in the original study. The content of data 
extraction includes the basic information of each included 
study: the first author, publication year, country, number of 

included people in case group and control group, number of 
cases and controls corresponding to each genotype, type of 
cancer studied, etc.

2.5. Study quality evaluation

According to the principle of Newcastle-Ottawa Scale, the gen-
eral qualities of included case-control studies were evaluated 
independently by 2 researchers.[16] Disputes were settled through 
discussion with a third party.

2.6. Statistical methods

Meta-analysis was performed by RevMan 5.4 (RevMan, 
College Station, TX) and Stata MP-17 software (Stata, London, 
UK). TSA was performed by TSA 0.9.5.10 Beta software. The 
test level of heterogeneity test is α = 0.10. If the result of the 
heterogeneity test shows P < .10, it indicates that there is het-
erogeneity, and the random effects model is used. If the result 
of heterogeneity test shows P > .10, it means that there is no 
heterogeneity, and the fixed effect model is used. The heteroge-
neity judgment method of sensitivity analysis is the same as the 
above. Odds ratio (OR), 95% confidence interval (95% CI) and 
P value were recorded. The test level of meta-analysis and TSA 
analysis is α = 0.05. The publication bias was tested by Begg’s 
test, and the test level was α = 0.05.

2.7. Institutional review board statement

Ethical approval is not applicable as data were derived from 
published articles.

3. Results

3.1. Article retrieving and quality evaluation results

According to the meta-analysis article retrieving and screen-
ing process recommended by Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses, 87 case-control 
studies from more than 30 countries were included in this 
meta-analysis (Fig.  1).[12–15,17–76] Among them, there were 
25,969 people in the case group and 32,119 in the control 
group. The diseases involved in case groups include prostate 
cancer, lung cancer, gastric cancer, hepatocellular carcinoma, 
colorectal cancer, etc. Study quality evaluation showed that all 
original studies had clear case groups and control groups with 
reliable inclusion and diagnostic criteria. The basic character-
istics of the original studies included in the meta-analysis are 
shown in Tables 2–4.

Table 1

Retrieval strategy of PubMed.
  
#1 “toll-like receptor 4”[Mesh]
#2 TLR4
#3 #1 OR #2
#4 cancer
#5 “carcinoma”[Mesh]
#6 malignant tumor
#7 neoplasm
#8 lymphoma
#9 #4 OR #5 OR #6 OR #7
#10 polymorphism
#11 variant
#12 #10 OR #11
#13 #3 AND #9 AND #12
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3.2. Meta analysis results

1.3.2. Cancer susceptibility characteristics of rs1927914 
A versus G model  Forest plot of rs1927914 A versus G 
model was shown as Figure  2. Heterogeneity test showed 
that χ2 = 24.04, P = .06 < .10, indicating heterogeneity exists. 
In this way, statistical analysis was performed using random 
effects model. The results of meta-analysis showed that 
OR = 1.08 > 1, indicating individuals carrying allele A have 
a higher risk of developing cancer than individuals carrying 
allele G. Besides, 95% CI = [1.01, 1.15] which did not pass 
through 1, and P = .02 < .05, indicating the results were 
statistically significant.

2.3.2. Cancer susceptibility characteristics of rs4986790 
A versus G model  Forest plot of rs4986790 A versus G 
model was shown as Figure 3. Heterogeneity test showed that 
χ2 = 79.95, P < .0001 < .10, indicating heterogeneity exists. 
In this way, statistical analysis was performed using random 
effects model. The results of meta-analysis showed that 
OR = 0.85 < 1, indicating individuals carrying allele A have a 
lower risk of developing cancer than individuals carrying allele 
G. Besides, 95% CI = [0.75, 0.96] which did not pass through 

1, and P = .007 < .05, indicating the results were statistically 
significant.

3.3.2. Cancer susceptibility characteristics of rs4986791 C 
versus T model  Forest plot of rs4986791 C versus T model was 
shown as Figure  4. Heterogeneity test showed that χ2 = 58.37, 
P = .004 < .10, indicating heterogeneity exists. In this way, 
statistical analysis was performed using random effects model. The 
results of meta-analysis showed that OR = 0.74 < 1, indicating 
individuals carrying allele C have a lower risk of developing cancer 
than individuals carrying allele T. Besides, 95% CI = [0.63, 0.86] 
which did not pass through 1, and P = .0001 < .05, indicating the 
results were statistically significant.

4.3.2. Summary of meta-analysis results  The results of meta-
analysis were shown as Table  5. For AA versus GG, AA+AG 
versus GG and A versus G models of rs1927914, all the OR 
value was higher than 1, and the results were statistically 
significant. This indicates that considering TLR4 gene 2026A/G 
(rs1927914) polymorphism, individuals with the A allele have a 
higher risk of cancer.

For AA versus AG+GG, AA versus AG and A versus G mod-
els of rs4986790, all the OR value was lower than 1, and the 

Figure 1.  Article screening process.
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Table 2

Study characteristics included in meta-analysis for rs1927914.

First author Year Country 

Case Control

Cancer type AA AG GG AA AG GG 

Zheng SL 2004 Sweden 625 596 154 341 354 81 Prostate cancer
Chen YC 2005 USA 297 301 60 290 288 91 Prostate cancer
Song J 2009 Korea 48 87 7 69 54 14 Prostate cancer
Huang H 2010 China 339 450 157 358 476 153 Gastric cancer
Hart K 2011 Norway 196 197 42 196 183 52 Lung cancer
Minmin S 2011 China 94 87 35 74 118 36 Hepatocellular carcinoma
Liu GP a 2014 China 18 36 14 46 63 23 Colon cancer
Liu GP b 2014 China 51 73 19 46 63 23 Rectal cancer
Zhu L a 2014 China 80 102 33 216 302 109 Colon cancer
Zhu L b 2014 China 136 186 65 216 302 109 Rectal cancer
Shi G 2017 China 19 11 4 10 31 8 Hepatocellular carcinoma
Kou RH 2019 China 195 237 48 169 238 73 Esophageal carcinoma
Wu H 2020 China 225 351 124 233 346 121 Lung cancer
Li A 2021 China 178 220 82 150 250 80 Rectal cancer
Li Z 2021 China 173 233 65 149 241 81 Gastric cancer
Zhang HM 2022 China 103 169 32 94 154 56 Lung cancer

The lower case letters after the first author are used to distinguish different types of cancer in the same article.
AA = adenine/adenine, AG = adenine/guanine, GG = guanine/guanine.

Table 3

Study characteristics included in meta-analysis for rs4986790.

First author Year Country 

Case Control

Cancer type AA AG GG AA AG GG 

Zheng SL 2004 Sweden 1241 136 1 693 79 5 Prostate cancer
Chen YC 2005 USA 588 66 3 605 59 5 Prostate cancer
Stephan H 2005 Mixed 83 4 0 313 45 0 Lymphoma
Boraska Jelavic T 2006 Croatia 77 10 2 84 4 0 Colorectal cancer
Forrest M S 2006 USA 794 106 3 1254 172 6 Lymphoma
Nieters A 2006 Germany 590 84 1 596 71 1 Lymphoma
Hold GL a 2007 UK 414 79 3 581 47 2 Gastric cancer
Hold GL b 2007 UK 97 10 0 194 16 1 Oesophageal cancer
Cheng I 2007 USA 439 66 1 456 48 2 Prostate cancer
Santini D 2008 Italy 159 11 1 140 11 0 Gastric cancer
Pandey S 2009 India 114 35 1 123 26 1 Cervical cancer
Purdue MP 2009 USA 1195 133 6 1126 131 8 Non-Hodgkin lymphoma
Ashton KA 2010 Australia 163 25 3 258 31 2 Endometrial cancer
Balistreri CR 2010 Italy 49 1 0 111 13 1 Prostate cancer
Gast A 2011 Germany 665 91 0 659 73 3 Malignant melanoma
Theodoropoulos GE 2012 Greece 201 57 3 412 63 5 Breast cancer
Yang ZH 2012 China 205 29 2 250 33 4 Nasopharyngeal cancer
Dai Q 2012 China 219 44 5 228 38 2 Colorectal cancer
Priyadarshini A 2013 India 157 32 9 173 20 7 Prostate cancer
Shen Y 2013 China 431 2 3 519 1 2 Bladder cancer
Pimentel-Nunes P 2013 Portugal 169 0 15 186 0 5 Colorectal cancer
Omrane I 2014 Tunisia 87 13 0 120 18 2 Colorectal cancer
Gu X 2014 China 149 7 1 413 21 1 Non-Hodgkin lymphoma
Companioni O 2014 Mixed 316 45 0 1134 133 3 Gastric cancer
Kopp TI 2015 Denmark 839 76 0 1577 141 1 Colorectal cancer
Winchester DA 2015 USA 768 94 5 741 82 7 Prostate cancer
Zidi S 2016 Tunisia 116 6 8 207 46 7 Cervical cancer
Semlali A 2016 Saudi Arabia 106 7 1 92 7 1 Colorectal cancer
Winchester DA 2017 USA 555 64 0 465 58 4 Prostate cancer
Ragaa AR 2017 Egypt 118 22 5 121 9 0 Colon cancer
Li ZH 2017 China 78 14 4 74 15 3 Prostate cancer
Abdelhabib S 2017 KSA 115 8 0 101 14 0 Breast cancer
Seyed VH 2017 Iran 150 0 0 150 0 0 Colorectal cancer
Nilesh OP 2019 India 70 37 3 107 32 2 Cervical cancer
Moaaz M 2020 Egypt 99 24 4 125 15 1 Colorectal cancer
Asghari A 2021 Iran 81 9 0 83 6 1 Colorectal cancer

The lower case letters after the first author are used to distinguish different types of cancer in the same article.
AA = adenine/adenine, AG = adenine/guanine, GG = guanine/guanine.
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results were statistically significant. This indicates that consider-
ing TLR4 gene 896A/G (rs4986790) polymorphism, individuals 
with the G allele have a higher risk of cancer.

For all the models of rs4986790, all the OR value was 
lower than 1, and the results were statistically significant. This 
indicates that considering TLR4 gene 1196C/T (rs4986791) 

Table 4

Study characteristics included in meta-analysis for rs4986791.

First author Year Country 

Case Control

Cancer type CC CT TT CC CT TT 

Boraska Jelavic T 2006 Croatia 77 12 0 82 5 0 Colorectal cancer
Garza-Gonzalez E 2007 Mexico 77 1 0 179 10 0 Gastric cancer
Santini D 2008 Italy 155 15 1 147 4 0 Gastric cancer
Trejo-de la OA 2008 Mexico 57 4 0 193 9 0 Gastric cancer
Pandey S 2009 India 127 21 2 133 16 1 Cervical cancer
Srivastava K 2010 India 195 32 5 232 24 1 Gallbladder cancer
Balistreri CR 2010 Italy 48 2 0 118 7 0 Prostate cancer
Rigoli L 2010 Mexico 57 13 0 81 6 0 Gastric cancer
Davoodi H 2011 Malaysia 58 2 0 50 0 0 Colorectal cancer
Theodoropoulos GE 2012 Greece 253 8 0 466 14 0 Breast cancer
de Oliveira JG 2012 Brazil 165 9 0 219 6 0 Gastric cancer
Yang ZH 2012 China 188 45 3 254 32 1 Nasopharyngeal cancer
Agundez JA 2012 Spain 143 12 0 341 47 2 Hepatocellular cancer
Dai Q 2012 China 182 78 8 214 52 2 Colorectal cancer
Singh V 2013 India 163 35 2 173 26 1 Bladder cancer
Priyadarshini A 2013 India 158 32 8 157 37 6 Prostate cancer
de Oliveira JG 2013 Brazil 191 9 0 234 6 0 Gastric cancer
Yang CX 2013 China 202 0 0 201 1 0 Breast cancer
Shen Y 2013 China 433 1 2 517 3 2 Bladder cancer
Kutikhin AG a 2014 Russia 55 11 0 255 45 0 Gastric cancer
Kutikhin AG b 2014 Russia 100 23 2 255 45 0 Rectal cancer
Kutikhin AG c 2014 Russia 195 36 2 255 45 0 Colorectal cancer
Kutikhin AG d 2014 Russia 69 9 1 144 24 0 Ovarian cancer
Companioni O 2014 Mixed 309 45 0 1124 134 5 Gastric cancer
Omrane I 2014 Tunisia 94 6 0 123 17 0 Colorectal cancer
Zeljic K 2014 Serbia 77 16 0 90 13 1 Oral cancer
Qadri Q 2014 Kashmir 114 16 0 182 18 0 Gastric cancer
Kurt H 2016 Turkey 156 4 0 91 9 0 Lung cancer
Rybka J 2016 Poland 52 6 1 104 18 0 Acute myeloid leukaemia
Jin Y 2017 China 237 147 36 535 262 45 Cervical cancer
Ragaa AR 2017 Egypt 111 31 3 119 11 0 Colon cancer
Li ZH 2017 China 92 3 1 89 2 1 Prostate cancer
Nilesh P 2018 India 110 0 0 141 0 0 Cervical cancer
Moaaz M 2020 Egypt 97 27 3 131 9 1 Colorectal cancer
Asghari A 2021 Iran 85 5 0 87 2 1 Colorectal cancer

The lower case letters after the first author are used to distinguish different types of cancer in the same article.
CC = cytosine/cytosine, CT = cytosine/thymine, TT = thymine/thymine.

Figure 2.  Cancer susceptibility characteristics of rs1927914 A versus G model.
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polymorphism, individuals with the T allele have a higher risk 
of cancer.

3.3. Sensitivity analysis

Taking the allele model as examples, the sensitivity analysis 
was carried out by one-by-one exclude method. The results of 
sensitivity analysis showed that for the A versus G model of 
rs1927914, the OR value was 1.09 at the highest and 1.07 at the 
lowest after excluding a single study, and the results were statis-
tically significant. For the A versus G model of rs4986790, the 
OR value was 0.87 at the highest and 0.83 at the lowest after 
excluding a single study, and the results were statistically signifi-
cant. For the C versus T model of rs4986791, the OR value was 
0.76 at the highest and 0.71 at the lowest after excluding a sin-
gle study, and the results were statistically significant. Sensitivity 
analysis showed that the results of meta-analysis were relatively 
stable, and the results were less affected by changes in a single 
original study.

3.4. Publication bias analysis

Taking the allele model as examples, Begg’s test was used to 
analyze publication bias. For A versus G model of rs1927914, 
publication bias analysis results showed that Z = 1.13, 
P = .260 > .05, indicating no publication bias analysis exists. 
The funnel plot showed that the included original studies were 

generally distributed in a symmetrical funnel shape along the 
symmetry axis, indicating that there was no obvious publication 
bias (Fig. 5A). These conclusions were the same for A versus G 
model of rs4986790 (P = .460 > .05) and C versus T model of 
rs4986791 (P = .477 > .05), and the funnel plots were shown as 
Figure 5B and C. This shows that the reliability of the meta-anal-
ysis conclusion is less affected by publication bias.

3.5. TSA results

Taking the allele model as examples, the results of TSA were 
shown in Figure 6. The results showed that although the accu-
mulated information did not reach the required information 
size, the Z curve had intersected with the boundary value, indi-
cating that the association between the current gene and the 
high risk of cancer has been confirmed. Therefore, more tests are 
generally not required for further verification, and the possibil-
ity of false positives is small.

4. Discussion
Cancer is a serious threat to human life quality and longevity. 
In the past 2 decades, a large number of original clinical studies 
and related secondary studies have been published, revealing the 
association of TLR4s with cancer susceptibility and prognosis. 
Our meta-analysis showed that the individual carrying A allele 
in TLR4 Gene 2026A/G (rs1927914) polymorphism, G allele 

Figure 3.  Cancer susceptibility characteristics of rs4986790 A versus G model.



7

Wang et al.  •  Medicine (2023) 102:8� www.md-journal.com

in 896A/G (rs4986790) polymorphism, or T allele in 1196C/T 
(rs4986791) polymorphism had an increased risk for cancer. 
Sensitivity analysis showed that the results of the meta-analysis 
were slightly affected by a single study, and the results were sta-
ble. Publication bias analysis and TSA showed that no significant 
publication bias was found in the results of the meta-analysis, 
and the probability of false positives was small. In conclusion, 
the A allele of rs1927914, G allele of rs4986790, and T allele of 
rs4986791 are the susceptibility genes to cancer, and the results 
are reliable.

TLRs are a class of pattern recognition receptors that can 
interact with other pattern recognition receptor families and 
activate a variety of pathogen-associated molecular patterns to 

initiate a sequence of signal transduction.[77] It is closely related 
to inflammatory responses, and the variation of related genes 
will affect several pathways of the body, thus resulting in a series 
of changes in health status or the occurrence of diseases. The 
effects of an inflammatory immune response have 2 aspects: on 
the 1 hand, they improve an organism’s ability to fight against 
infection; on the other hand, a persistently inflammatory 
environment may make it easier for tumor cells to escape the 
immune system.[78] That is to say, TLRs appear to represent a 
potential link between infections, persistent inflammation, and 
the emergence of tumors in the context of cancer. In this way, 
TLRs are one of the prime choices to determine how inflamma-
tion plays a part in cancer.

Figure 4.  Cancer susceptibility characteristics of rs4986791 C versus T model.

Table 5

Summary of meta-analysis results.

 

rs1927914 rs4986790 rs4986791

OR 95% CI P OR 95% CI P OR 95% CI P 

aa vs bb 1.21 1.05, 1.38 .007 0.85 0.64, 1.13 .27 0.50 0.36, 0.69 .0001
aa+ab vs bb 1.16 1.02, 1.31 .02 0.87 0.65, 1.15 .32 0.53 0.38, 0.73 .0001
aa vs ab+bb 1.09 0.97, 1.21 .14 0.84 0.74, 0.96 .008 0.74 0.62, 0.87 .0004
aa vs ab 1.06 0.94, 1.19 .38 0.85 0.74, 0.97 .01 0.76 0.64, 0.90 .001
ab vs bb 1.13 0.98, 1.31 .09 1.14 0.83, 1.56 .42 0.64 0.45, 0.91 .01
a vs b 1.08 1.01, 1.15 .02 0.85 0.75, 0.96 .007 0.74 0.63, 0.86 .0001

For rs1927914, a represents A, b represents G; For rs4986790, a represents A, b represents G; For rs4986791, a represents C, b represents T.
CI = confidence interval; OR = odds ratio.
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Two key pathways are used to transmit the signals that TLR4 
mediates: one uses the adapter protein myeloid differentiation 
factor 88, and the other uses the adaptor-inducing interferon 
protein, which contains a toll/interleukin-1 receptor domain.[79] 
TLR4 can mediate reactions to host molecules like oxidized 
low-density lipoprotein, amyloid peptide, heat shock proteins, 
and those made in response to tissue injury. Recognition of their 
ligands causes a series of signaling events, the first of which is 
represented by the activation of the interleukin-1 receptor fam-
ily. This is followed by the activation of the transcription fac-
tor nuclear factor kappa-B (NF-κB) with the transcription of 
pro-inflammatory genes.[80] Besides, a specific collection of genes 
implicated in proinflammatory, antiviral, and antibacterial 
responses begin to be transcribed when TLR4 activates myeloid 
differentiation factor 88, in this way NF-κB activation is pro-
moted which leads to the production of inflammatory cyto-
kines.[5,79,81] It has been hypothesized that activation of NF-κB 
is a key mediator of inflammation-induced tumor growth and 

progression. Numerous studies have shown that NF-κB is an 
important regulator of Snail expression and that it is particu-
larly important for the spread of carcinoma.[82,83] The develop-
ment and spread of cancer may be aided by the production of 
inflammatory mediators via the NF-κB pathway that is activated 
by the TLRs.[80,84,85] Besides, it has been suggested that innate 
immune activation brought on by TLR-mediated identification 
of pathogens or endogenous chemicals, such as those created 
by cell and DNA damage, can foster the growth of cancer in 
an inflammatory environment.[86] Therefore, the polymorphisms 
of TLR4 gene may affect the above pathways, thus leading to 
changes in cancer susceptibility, or affecting the prognosis of 
cancer by affecting metastasis and invasion ability.

Figure 5.  Funnel plots of publication bias analysis.

Figure 6.  Trial sequential analysis results.
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However, our study also has some limitations. First of all, 
most of the meta-analysis of each group has high heterogene-
ity. In view of this situation, we used random effects model for 
statistical analysis. Then, for the meta-analysis of some loci, 
the countries where the original research were conducted were 
mostly confined to Asia, especially China. At the same time, 
the original research involved a large number of cancer types, 
resulting in a small number of original studies for each cancer 
type. Therefore, subgroup analyses were not performed. Finally, 
if personal data containing additional factors, such as age, sex, 
and smoking status, becomes available, a more accurate analysis 
should be carried out.

In summary, people with A allele of rs1927914, G allele of 
rs4986790, or T allele of rs4986791 were more susceptibility to 
cancer. The results are basically stable and there is less chance 
of false positives. To support our findings, additional sizable, 
thoughtful, comprehensive research across a range of groups is 
required.

Author contributions
Conceptualization: Fengzhen Wang, Xianming Wen, Ting Wen, 
Ziyou Liu.
Data curation: Fengzhen Wang, Xianming Wen, Ting Wen, 

Ziyou Liu.
Formal analysis: Fengzhen Wang, Xianming Wen, Ting Wen, 

Ziyou Liu.
Funding acquisition: Fengzhen Wang, Xianming Wen, Ting 

Wen, Ziyou Liu.
Investigation: Fengzhen Wang, Xianming Wen, Ting Wen, Ziyou 

Liu.
Methodology: Fengzhen Wang, Xianming Wen, Ting Wen, 

Ziyou Liu.
Project administration: Fengzhen Wang, Xianming Wen, Ting 

Wen, Ziyou Liu.
Resources: Fengzhen Wang, Xianming Wen, Ting Wen, Ziyou 

Liu.
Software: Fengzhen Wang, Xianming Wen, Ting Wen, Ziyou Liu.
Supervision: Fengzhen Wang, Xianming Wen, Ting Wen, Ziyou 

Liu.
Validation: Fengzhen Wang, Xianming Wen, Ting Wen, Ziyou 

Liu.
Visualization: Fengzhen Wang, Xianming Wen, Ting Wen, Ziyou 

Liu.
Writing – original draft: Fengzhen Wang, Xianming Wen, Ting 

Wen, Ziyou Liu.
Writing – review & editing: Fengzhen Wang, Xianming Wen, 

Ting Wen, Ziyou Liu.

References
	 [1]	 Lewandowska AM, Rudzki M, Rudzki S, et al. Environmental risk fac-

tors for cancer – review paper. Ann Agric Environ Med. 2019;26:1–7.
	 [2]	 Katsonis P, Koire A, Wilson SJ, et al. Single nucleotide varia-

tions: biological impact and theoretical interpretation. Protein Sci. 
2014;23:1650–66.

	 [3]	 Zarate YA, Uehara T, Abe K, et al. CDK19-related disorder results from 
both loss-of-function and gain-of-function de novo missense variants. 
Genet Med. 2021;23:1050–7.

	 [4]	 Shen X, Song S, Li C, et al. Synonymous mutations in representative 
yeast genes are mostly strongly non-neutral. Nature. 2022;606:725–31.

	 [5]	 Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol. 
2004;4:499–511.

	 [6]	 Smit LAM, Siroux V, Bouzigon E, et al.; Epidemiological Study on the 
Genetics and Environment of Asthma, Bronchial Hyperresponsiveness, 
and Atopy (EGEA) Cooperative Group. CD14 and toll-like receptor 
gene polymorphisms, country living, and asthma in adults. Am J Respir 
Crit Care Med. 2009;179:363–8.

	 [7]	 Aranda-Uribe IS, López-Vázquez JC, Barbosa-Cobos RE, et al. TLR4 
and TLR9 polymorphisms are not associated with either rheumatoid 
arthritis or systemic lupus erythematosus in Mexican patients. Mol Biol 
Rep. 2021;48:3561–5.

	 [8]	 Dhaouadi T, Sfar I, Haouami Y, et al. Polymorphisms of Toll-like 
receptor-4 and CD14 in systemic lupus erythematosus and rheumatoid 
arthritis. Biomark Res. 2013;1:20.

	 [9]	 Liu L, Zhang Q, Xiong X-Y, et al. TLR4 gene polymorphisms 
rs11536889 is associated with intracranial aneurysm susceptibility. J 
Clin Neurosci. 2018;53:165–70.

	[10]	 Schneider S, Hoppmann P, Koch W, et al. Obesity-associated hyperten-
sion is ameliorated in patients with TLR4 single nucleotide polymor-
phism (SNP) rs4986790. J Inflamm (Lond). 2015;12:57.

	[11]	 Marchionni E, Porpora MG, Megiorni F, et al. T399I polymorphism 
and endometriosis in a cohort of Italian women. Diagnostics (Basel). 
2020;10:255.

	[12]	 Priyadarshini A, Chakraborti A, Mandal AK, et al. Asp299Gly and 
Thr399Ile polymorphism of TLR-4 gene in patients with prostate can-
cer from North India. Indian J Urol. 2013;29:37–41.

	[13]	 Zhang H, Gao H, Li A, et al. TLR4 regulatory region variants reduce 
the susceptibility of small-cell lung cancer in Chinese population. Eur J 
Cancer Prev. 2022;31:363–8.

	[14]	 Li Z, Gao H, Liu Y, et al. Genetic variants in the regulation 
region of TLR4 reduce the gastric cancer susceptibility. Gene. 
2021;767:145181.

	[15]	 Pandey NO, Chauhan AV, Raithatha NS, et al. Association of TLR4 
and TLR9 polymorphisms and haplotypes with cervical cancer suscep-
tibility. Sci Rep. 2019;9:9729.

	[16]	 Wells GA, Shea BJ, O’Connell D, et al. The Newcastle-Ottawa Scale 
(NOS) for assessing the quality of nonrandomised studies in meta-anal-
yses. 2022. Available at: http://www.ohri.ca/programs/clinical_epide-
miology/oxford.asp. [Access date July 1, 2022].

	[17]	 Zheng SL, Augustsson-Bälter K, Chang B, et al. Sequence vari-
ants of toll-like receptor 4 are associated with prostate cancer 
risk: results from the cancer Prostate in Sweden study. Cancer Res. 
2004;64:2918–22.

	[18]	 Chen Y-C, Giovannucci E, Lazarus R, et al. Sequence variants of 
toll-like receptor 4 and susceptibility to prostate cancer. Cancer Res. 
2005;65:11771–8.

	[19]	 Hellmig S, Fischbach W, Goebeler-Kolve M-E, et al. Association 
study of a functional toll-like receptor 4 polymorphism with suscep-
tibility to gastric mucosa-associated lymphoid tissue lymphoma. Leuk 
Lymphoma. 2005;46:869–72.

	[20]	 Boraska Jelavić T, Barisić M, Drmic Hofman I, et al. Microsatelite GT 
polymorphism in the toll-like receptor 2 is associated with colorectal 
cancer. Clin Genet. 2006;70:156–60.

	[21]	 Forrest MS, Skibola CF, Lightfoot TJ, et al. Polymorphisms in innate 
immunity genes and risk of non-Hodgkin lymphoma. Br J Haematol. 
2006;134:180–3.

	[22]	 Nieters A, Beckmann L, Deeg E, et al. Gene polymorphisms in Toll-like 
receptors, interleukin-10, and interleukin-10 receptor alpha and lym-
phoma risk. Genes Immun. 2006;7:615–24.

	[23]	 Cheng I, Plummer SJ, Casey G, et al. Toll-like receptor 4 genetic varia-
tion and advanced prostate cancer risk. Cancer Epidemiol Biomarkers 
Prev. 2007;16:352–5.

	[24]	 Garza-Gonzalez E, Bosques-Padilla FJ, Mendoza-Ibarra SI, et al. 
Assessment of the toll-like receptor 4 Asp299Gly, Thr399Ile and inter-
leukin-8-251 polymorphisms in the risk for the development of distal 
gastric cancer. BMC Cancer. 2007;7:70.

	[25]	 Hold GL, Rabkin CS, Chow W-H, et al. A functional polymorphism 
of toll-like receptor 4 gene increases risk of gastric carcinoma and its 
precursors. Gastroenterology. 2007;132:905–12.

	[26]	 Santini D, Angeletti S, Ruzzo A, et al. Toll-like receptor 4 Asp299Gly 
and Thr399Ile polymorphisms in gastric cancer of intestinal and diffuse 
histotypes. Clin Exp Immunol. 2008;154:360–4.

	[27]	 Trejo-de la OA, Torres J, Pérez-Rodríguez M, et al. TLR4 single-nucleo-
tide polymorphisms alter mucosal cytokine and chemokine patterns in 
Mexican patients with Helicobacter pylori-associated gastroduodenal 
diseases. Clin Immunol. 2008;129:333–40.

	[28]	 Pandey S, Mittal RD, Srivastava M, et al. Impact of Toll-like recep-
tors [TLR] 2 (-196 to -174 del) and TLR 4 (Asp299Gly, Thr399Ile) in 
cervical cancer susceptibility in North Indian women. Gynecol Oncol. 
2009;114:501–5.

	[29]	 Purdue MP, Lan Q, Wang SS, et al. A pooled investigation of toll-
like receptor gene variants and risk of non-Hodgkin lymphoma. 
Carcinogenesis. 2009;30:275–81.

	[30]	 Song J, Kim DY, Kim CS, et al. The association between toll-like recep-
tor 4 (TLR4) polymorphisms and the risk of prostate cancer in Korean 
men. Cancer Genet Cytogenet. 2009;190:88–92.

	[31]	 Ashton KA, Proietto A, Otton G, et al. Toll-like receptor (TLR) and 
nucleosome-binding oligomerization domain (NOD) gene polymor-
phisms and endometrial cancer risk. BMC Cancer. 2010;10:382.

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


10

Wang et al.  •  Medicine (2023) 102:8� Medicine

	[32]	 Balistreri CR, Caruso C, Carruba G, et al. A pilot study on prostate 
cancer risk and pro-inflammatory genotypes: pathophysiology and 
therapeutic implications. Curr Pharm Des. 2010;16:718–24.

	[33]	 Huang H, Wu J, Jin G, et al. A 5’-flanking region polymorphism in 
toll-like receptor 4 is associated with gastric cancer in a Chinese popu-
lation. J Biomed Res. 2010;24:100–6.

	[34]	 Rigoli L, Di Bella C, Fedele F, et al. TLR4 and NOD2/CARD15 genetic 
polymorphisms and their possible role in gastric carcinogenesis. 
Anticancer Res. 2010;30:513–7.

	[35]	 Srivastava K, Srivastava A, Kumar A, et al. Significant association 
between toll-like receptor gene polymorphisms and gallbladder cancer. 
Liver Int. 2010;30:1067–72.

	[36]	 Davoodi H, Seow HF. Variant toll-like receptor4 (Asp299Gly and 
Thr399Ile alleles) and Toll-like receptor2 (Arg753Gln and Arg677Trp 
alleles) in colorectal cancer. Iran J Allergy Asthma Immunol. 2011;10:91–9.

	[37]	 Gast A, Bermejo JL, Claus R, et al. Association of inherited variation 
in toll-like receptor genes with malignant melanoma susceptibility and 
survival. PLoS One. 2011;6:e24370.

	[38]	 Hart K, Landvik NE, Lind H, et al. A combination of functional poly-
morphisms in the CASP8, MMP1, IL10 and SEPS1 genes affects risk of 
non-small cell lung cancer. Lung Cancer. 2011;71:123–9.

	[39]	 Minmin S, Xiaoqian X, Hao C, et al. Single nucleotide polymorphisms 
of toll-like receptor 4 decrease the risk of development of hepatocellu-
lar carcinoma. PLoS One. 2011;6:e19466.

	[40]	 Dai Q, Zhong L, Zhang X, et al. Expression of IL-1α and TNF-α 
modified by Toll-like receptor 4 genetic polymorphism is associ-
ated with colorectal carcinoma. Zhongguo Bing Li Sheng Li Za Zhi. 
2012;28:1976–8.

	[41]	 Agúndez JA, García-Martín E, Devesa MJ, et al. Polymorphism of the 
TLR4 gene reduces the risk of hepatitis C virus-induced hepatocellular 
carcinoma. Oncology (Huntingt). 2012;82:35–40.

	[42]	 de Oliveira JG, Silva AE. Polymorphisms of the TLR2 and TLR4 genes 
are associated with risk of gastric cancer in a Brazilian population. 
World J Gastroenterol. 2012;18:1235–42.

	[43]	 Theodoropoulos GE, Saridakis V, Karantanos T, et al. Toll-like recep-
tors gene polymorphisms may confer increased susceptibility to breast 
cancer development. Breast. 2012;21:534–8.

	[44]	 Yang Z-H, Dai Q, Gu Y-J, et al. Cytokine and chemokine modification 
by toll-like receptor polymorphisms is associated with nasopharyngeal 
carcinoma. Cancer Sci. 2012;103:653–8.

	[45]	 de Oliveira JG, Rossi AFT, Nizato DM, et al. Profiles of gene polymor-
phisms in cytokines and toll-like receptors with higher risk for gastric 
cancer. Dig Dis Sci. 2013;58:978–88.

	[46]	 Pimentel-Nunes P, Teixeira AL, Pereira C, et al. Functional polymor-
phisms of toll-like receptors 2 and 4 alter the risk for colorectal carci-
noma in Europeans. Dig Liver Dis. 2013;45:63–9.

	[47]	 Shen Y, Liu Y, Liu S, et al. Toll-like receptor 4 gene polymorphisms and 
susceptibility to bladder cancer. Pathol Oncol Res. 2013;19:275–80.

	[48]	 Singh V, Srivastava N, Kapoor R, et al. Single-nucleotide polymorphisms 
in genes encoding toll-like receptor-2, -3, -4, and -9 in a case-control 
study with bladder cancer susceptibility in a North Indian population. 
Arch Med Res. 2013;44:54–61.

	[49]	 Yang CX, Li CY, Feng W. Toll-like receptor 4 genetic variants and prog-
nosis of breast cancer. Tissue Antigens. 2013;81:221–6.

	[50]	 Guangpu L. TLR4 Gene Polymorphisms Associated with Risk of 
Colorectal Cancer. Master. Shijiazhuang, China: Hebei Medical 
University; 2014.

	[51]	 Companioni O, Bonet C, Muñoz X, et al. Polymorphisms of 
Helicobacter pylori signaling pathway genes and gastric cancer risk in 
the European Prospective Investigation into Cancer-Eurgast cohort. Int 
J Cancer. 2014;134:92–101.

	[52]	 Gu X, Shen Y, Fu L, et al. Polymorphic variation of inflammation-re-
lated genes and risk of non-Hodgkin lymphoma for Uygur and Han 
Chinese in Xinjiang. Asian Pac J Cancer Prev. 2014;15:9177–83.

	[53]	 Kutikhin AG, Yuzhalin AE, Volkov AN, et al. Correlation between 
genetic polymorphisms within IL-1B and TLR4 genes and can-
cer risk in a Russian population: a case-control study. Tumour Biol. 
2014;35:4821–30.

	[54]	 Omrane I, Baroudi O, Kourda N, et al. Positive link between variant 
toll-like receptor 4 (Asp299Gly and Thr399Ile) and colorectal cancer 
patients with advanced stage and lymph node metastasis. Tumour Biol. 
2014;35:545–51.

	[55]	 Qadri Q, Rasool R, Afroze D, et al. Study of TLR4 and IL-8 gene poly-
morphisms in H.pylori-induced inflammation in gastric cancer in an 
ethnic Kashmiri population. Immunol Invest. 2014;43:324–36.

	[56]	 Zeljic K, Supic G, Jovic N, et al. Association of TLR2, TLR3, TLR4 and 
CD14 genes polymorphisms with oral cancer risk and survival. Oral 
Dis. 2014;20:416–24.

	[57]	 Zhu L, Wang Y, Jie G, et al. Association between toll-like receptor 4 and 
interleukin 17 gene polymorphisms and colorectal cancer susceptibility 
in Northeast China. Med Oncol. 2014;31:73.

	[58]	 Kopp TI, Andersen V, Tjonneland A, et al. Polymorphisms in NFKB1 
and TLR4 and interaction with dietary and life style factors in relation 
to colorectal cancer in a Danish prospective case-cohort study. PLoS 
One. 2015;10:e0116394.

	[59]	 Winchester DA, Till C, Goodman PJ, et al. Variation in genes involved 
in the immune response and prostate cancer risk in the placebo arm of 
the Prostate Cancer Prevention Trial. Prostate. 2015;75:1403–18.

	[60]	 Kurt H, Ozbayer C, Bayramoglu A, et al. Determination of the relation-
ship between rs4986790 and rs4986791 variants of TLR4 gene and 
lung cancer. Inflammation. 2016;39:166–71.

	[61]	 Rybka J, Gębura K, Wróbel T, et al. Variations in genes involved in reg-
ulation of the nuclear factor-κB pathway and the risk of acute myeloid 
leukaemia. Int J Immunogenet. 2016;43:101–6.

	[62]	 Semlali A, Reddy Parine N, Arafah M, et al. Expression and polymor-
phism of toll-like receptor 4 and effect on NF-κB mediated inflamma-
tion in colon cancer patients. PLoS One. 2016;11:e0146333.

	[63]	 Zidi S, Sghaier I, Gazouani E, et al. Evaluation of toll-like receptors 
2/3/4/9 gene polymorphisms in cervical cancer evolution. Pathol Oncol 
Res. 2016;22:323–30.

	[64]	 Zhonghai L, Yinglei W, Lin M, et al. Genetic polymorphisms of TLR4 
genes and prostate cancer risk in Chinese Han population. Ai Zheng Jin 
Zhan. 2017;15:537–9+43.

	[65]	 Jin Y, Qiu S, Shao N, et al. Association of toll-like receptor gene poly-
morphisms and its interaction with HPV infection in determining the 
susceptibility of cervical cancer in Chinese Han population. Mamm 
Genome. 2017;28:213–9.

	[66]	 Ramadan RA, Desouky LM, Moaaz M, et al. Association of vita-
min D receptor and toll like receptor genetic variants and haplotypes 
with colon cancer risk: a case control study in Egypt. Meta Gene. 
2017;11:209–16.

	[67]	 Semlali A, Jalouli M, Parine NR, et al. Toll-like receptor 4 as a predic-
tor of clinical outcomes of estrogen receptor-negative breast cancer in 
Saudi women. Onco Targets Ther. 2017;10:1207–16.

	[68]	 Shi G, Wang C, Zhang P, et al. Donor polymorphisms of toll-like 
receptor 4 rs1927914 associated with the risk of hepatocellular car-
cinoma recurrence following liver transplantation. Arch Med Res. 
2017;48:553–60.

	[69]	 Winchester DA, Till C, Goodman PJ, et al. Association between variants 
in genes involved in the immune response and prostate cancer risk in 
men randomized to the finasteride arm in the prostate cancer preven-
tion trial. Prostate. 2017;77:908–19.

	[70]	 Hosseini SV, Mojtahedi Z, Beizavi Z, et al. Relationship between 
Arg753Gln toll-like receptor 2 and Asp299Gly toll-like receptor 4 
genetic variations and susceptibility to colorectal cancer in southern 
Iran. Arch Biol Sci. 2018;70:775–9.

	[71]	 Pandey N, Chauhan A, Raithatha N, et al. Absence of association 
between TLR4 Thr399Ile polymorphism and cervical cancer suscepti-
bility. Meta Gene. 2018;17:249–55.

	[72]	 Ruihuan K. Association of TLR4 Genetic Variant with the Risk of 
Esophageal Cancer. Master. Tangshan, China: North China University 
of Science and Technology; 2019.

	[73]	 Moaaz M, Youssry S, Moaz A, et al. Study of toll-like receptor 4 gene 
polymorphisms in colorectal cancer: correlation with clinicopathologi-
cal features. Immunol Invest. 2020;49:571–84.

	[74]	 Wu H, Gao H, Li A, et al. Impact of genetic variation in 3’UTR on 
NSCLC genetic susceptibility. J Oncol. 2020;2020:7593143.

	[75]	 Ang L, Hongjiao W, Yuning X, et al. Correlation analysis between 
toll-like receptor genomic characteristics and clinicopathological and 
immune parameters in rectal cancer. Jie Fang Jun Yi Xue Za Zhi. 
2021;46:340–7.

	[76]	 Asghari A, Nowras T, Tavakoli T, et al. Association between rs4986790 
and rs4986791 polymorphisms in TLR4 with colorectal cancer risk in 
Iranian population. Russ J Genet. 2021;57:740–4.

	[77]	 Rathore D, Nita-Lazar A. Phosphoproteome analysis in immune cell 
signaling. Curr Protoc Immunol. 2020;130:e105.

	[78]	 de Visser KE, Eichten A, Coussens LM. Paradoxical roles of the immune 
system during cancer development. Nat Rev Cancer. 2006;6:24–37.

	[79]	 Loiarro M, Ruggiero V, Sette C. Targeting TLR/IL-1R signalling in 
human diseases. Mediators Inflamm. 2010;2010:674363.

	[80]	 Zhou Q, Wang C, Wang X, et al. Association between TLR4 (+896A/G 
and +1196C/T) polymorphisms and gastric cancer risk: an updated 
meta-analysis. PLoS One. 2014;9:e109605.

	[81]	 Moynagh PN. TLR signalling and activation of IRFs: revisit-
ing old friends from the NF-kappaB pathway. Trends Immunol. 
2005;26:469–76.



11

Wang et al.  •  Medicine (2023) 102:8� www.md-journal.com

	[82]	 Wu Y, Deng J, Rychahou PG, et al. Stabilization of snail by NF-kappaB 
is required for inflammation-induced cell migration and invasion. 
Cancer Cell. 2009;15:416–28.

	[83]	 Criswell TL, Arteaga CL. Modulation of NFkappaB activ-
ity and E-cadherin by the type III transforming growth factor 
beta receptor regulates cell growth and motility. J Biol Chem. 
2007;282:32491–500.

	[84]	 Aderem A, Ulevitch RJ. Toll-like receptors in the induction of the innate 
immune response. Nature. 2000;406:782–7.

	[85]	 Huang B, Zhao J, Li H, et al. Editor’s note: toll-like receptors on tumor 
cells facilitate evasion of immune surveillance. Cancer Res. 2019;79:4305.

	[86]	 Zhang K, Zhou B, Wang Y, et al. The TLR4 gene polymorphisms and 
susceptibility to cancer: a systematic review and meta-analysis. Eur J 
Cancer. 2013;49:946–54.


