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Abstract 

Background: Prostate cancer is one of the major medical problems in male population. 

Chronic inflammation has an important role in many human cancers and could be involved 

in the etiology of prostate cancer. Toll-like receptors are important tolls in innate immunity 

to pathogens. Many environmental factors could predispose for this cancer, however, 

genetic background of the population cannot be neglected.  

Objective: To explore the hypothesis that genetic variation in TLR4 gene can influence the 

individual's susceptibility to prostate cancer.  

Patients and Methods: A total of 95 outpatient men with histologically-proven prostate 

cancer as well as 45 apparently healthy men were recruited for this study. Blood samples 

were taken from each participant from which genomic DNA was extracted and TLR4 gene 

was PCR-amplified, using specific primers. PCR products were genotyped by direct 

sequencing. 

Results: Asp299gly and Thr399Ile SNPs had only two genotypes; the distributions of these 

genotypes were statistically not significant between prostate cancer patients and controls. At 

allele levels, the control group had significantly higher frequency in the mutant allele of 

Thr399Ile SNP (allele T) than prostate cancer patients. On the other hand, the rs11536889 

had three genotypes with the mutant homozygous genotype (CC) and the mutant allele were 

more prevalent in PCa than controls with significant difference (OR=3.433, 95%CI=1.107-

10.645, P= 0.033 and OR=2.730, 95%CI= 1.095-6.803, P=0.031 respectively).  

Conclusion: Allele T of Thr399Ile SNP may have a protective role, while allele C of 

rs11536889 SNP might increase the risk of prostate cancer. 

Key words: prostate cancer, Genetic variation, TLR4 gene, Asp299gly, Thr399Ile, 
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Introduction 

     Cancer of the prostate ranks the first 

among all malignancies in men, and the 

second as leading cause of cancer-related 

death in USA in 2014 [1]. Many risk factors 

have been well documented to be associated 

with this malignancy. The most prominent 

of these are age, race, diet, and imbalance 

of sex hormones, obesity and urine influx 

[2].  
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     A growing body of evidence suggested a 

major role of chronic inflammation in the 

occurrence of prostate cancer (PCa). 

Eicosanoid pathway activated by 

cyclooxygenase (COX-2) was proposed as 

one important link between chronic 

inflammation and PCa. Evidence for such a 

link was deduced from high expression of 

COX-2 in PCa tissue.  Such inflammation 

not only induces carcinogenesis but also can 

promote neoplastic progression [3]. 

     Toll like receptors (TLRs) are the most 

important class of pattern recognition receptors 

(PRR) that are involved in inflammation and 

defense against different pathogens [4]. They 

are type 1 trans-memebrane proteins, and 

triggered by pathogen-associated molecular 

patterns (PAMPs), that are the 

characteristics of various groups of 

pathogens [5]. Among of the most studied 

TLRs is TLR4. Structural analysis of TLR4 

revealed that the receptor is consisted of 3 

domains: an intracellular toll-interleukin-1 

receptor (TIR) domain, a trans-membrane 

domain, and an extracellular leucine-rich-

repeat (LRR) domain. The extracellular part 

of the receptor is involved in binding of 

lipopolysaccharide (LPS) and may be other 

ligands [6].  

     Arbour et al. (2000) identified single 

nucleotide polymorphisms (SNPs) in TLR4 

and co-segregating missense mutations. 

These SNPs are an A/C transition in exon 4 

causing aspartic acid/glycine substitution at 

amino acid location Asp299Gly (rs4986790) 

and C/T transition causing a 

therionine/isoleucine  switch at amino acid 

location Thr399Ile (rs4986791). These 

alterations in the amino acid sequence 

affected the extracellular domain and the 

ligand recognition area of the receptor [7]. 

Another novel polymorphism in TLR4 gene 

was described in the 3' un-translated region 

(3'UTR) of the gene. This SNP is called 

TLR4+3725G/C (rs11536889), and was 

found to be functional in many 

diseases [8, 9].  

     In a meta-analysis, Jing et al. (2012) 

indicated a significant increase risk for 

Thr399Ile polymorphism and recommended 

more attention for this SNP as a most 

interesting TLR4 polymorphism in many 

diseases [10]. However, Priyadarshini et al. 

(2013) found that Asp299Gly but not 

Thr399Ile SNP is associated with PCa in 

Indian men [11].  Zheng et al. (2004) 

reported an association between rs11536889 

SNP and PCa [12]. These studies suggest that 

genetic variations in TLR4 gene may 

influence human malignant diseases [13].   

     So, this study was aimed to verify the 

hypothetical association of these three SNPs 

in TLR4 gene (Asp299Gly, Thr399Ile and 

TLR4+3725G/C), and correlation with the 

risk of developing PCa.  

Patients and Methods 

Subjects and Samples 

     Ninety five out-patients male with 

histologically-confirmed PCa during the 

period from July 2013 to July 2014, were 

collected from the Hospital of Radiation and 

Nuclear Medicine, and Al-Kadhimyia 

Teaching Hospital-Baghdad were tested. 

Ethical approval to conduct the research was 

obtained from each hospital Institutional 

Review Board (IRB). 45 unrelated, cancer-

free males from the college of medicine -       

Al-Nahrain university and Al-Kadhimyia 

teaching hospital were enrolled to be the 

control group. The ages of these patients and 

control ranged from 30-70 years. Control 

subjects and PCa patients with acute/chronic 

prostatitis, urinary tract infection or 

uncontrolled diabetes mellitus were excluded 

from the study. Informed consents were 

obtained from the patients and control which 

also included age, smoking, body mass index 

(BMI), residence and first relative family 

history of PCa and breast cancer (BCa). 
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Blood Samples 

     Five ml of venous blood was taken from 

each participant; 2 ml of which was kept in 

EDTA tube and the other 3ml in plane tube. 

The latter was undergone centrifugation 

where the serum was obtained and preserved 

at -20 
o
C till be used. 

Estimation of prostate specific antigen 

(PSA) in control group 

     Prostate specific antigen test was 

conducted to confirm that controls have no 

PCa, because some individuals with PCa 

have no obvious clinical signs. The test was 

done according to the manufacturer's manual 

using commercial kit (ACON laboratories, 

Inc-USA). Out of 45 serum samples, 4 gave 

high level of serum PSA concentration 

which might indicates PCa. Therefore, 

another four samples were taken from age-

matched different men, and PSA test was 

performed which gave negative results. 

DNA Extraction and Genotyping 

     DNA was extracted from whole blood 

samples using (gSYNC
TM

 DNA Mini Kit 

Whole Blood Protocol-Geneaid- Korea) 

according to the manufacturer's manual. The 

nanodrop (UVS-99-ACTGene-USA) was 

used to estimate the concentration and purity 

of the DNA yield.  

The primers sets used for TLR4 gene 

amplification are demonstrated in table 1.

 

Table (1): Primer sets sequences and their corresponding genes. 

Genes Primers 5'→3' Fragments 

TLR4 

Asp299Gl y 

F:GATTAGCATACTTAGACTACTACCTCCATGR 

R:GATCAACTTCTGAAAAAGCATTCCCAC 

249 bp 

TLR2 

Thr399Ile 

F:GGTTCGTGTTCTCAAAGTGATTTTGGGAGAA 

R:ACCTAAGACTGGAGAGTGAGTTAAATGCT 

406 bp 

TLR4 

rs11536889 

F: TGGGATCCCTCCCCTGTACCCTTC 

R: CTGGATCCGTTTCTGAGGAGGCTGGATG 

227 bp 

 

     Polymerase chain reaction products were 

sent to the Bioneer company-Korea for DNA 

sequencing. The obtained sequences are 

aligned by "Clustalw" software with normal 

sequence from GenBank (Gen Bank 

Accession No U93091 for Asp299gly and 

Thr399Ile SNPs and NC-000009.12 for 

rs11536889), and then were examined for the 

presence of mutations. 

Statistical analysis 

     Statistical analysis was performed with 

the statistical package for social sciences 

(SPSS) 21.0 and Microsoft Excel 2013. 

Categorical data formulated as count and 

percentage. Fisher exact test was used to 

describe the association of these data, in 

addition to relative risk study (RR). 

Numerical data were described as mean, 

standard deviation of mean. Independent 

sample t-test was used for comparison 

between two groups while analysis of 

variance (ANOVA) was used for comparison 

among more than two groups. The lowest 

level of accepted statistical significant 

difference is bellow or equal to 0.05. 

Results 

Characteristics of the study groups 

     Table 2 shows the association of different 

risk factors with PCa. The study was initially 

intended to select age-matched control group 

for PCa patients. Accordingly there was no 

significant difference in the mean of age 

between the patients and control (64.6± 10.68 

and 63.71±8.32 respectively, P=0.247). Our 

study also revealed no significant influence 

of family history of solid cancer, BMI and 

smoking status on the incidence of PCa (P= 

0.266, 0.077 and 0.402 respectively). On the 

other hand, residency appeared to be the only 

risk factor that affects the incidence of PCa in 
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this study. Out of 95 PCa patients 53(55.8%) 

were of urban residence versus 42 (44.2%) of 

rural residence (OR= 2.287, 95% CI= 

1.1-4.758, P= 0.025).  

 

Table (2): Association of risk factors with the incidence of PCa. 

Risk Factors  Cases 

N=95 

Control 

N=45 

P-value OR(95%CI) 

Mean age in years (SD) 64.6 

(10.68) 

63.71 

(8.32) 
0.247 

 

1.198 (0.992- 1.134) 

Family history 

  No 

  Yes 

 

79 (83.16%) 

16 (16.84%) 

 

41 (91.11%) 

4 (8.89%) 

0.266 

 

1.0 

1.922(0.599-6.164) 

Mean BMI (SD) 26.44 

(4.27) 

24.71 

(5.02) 
0.077 1.108 (0.989- 1.243) 

Smoking 

  Never 

  Ex-smoker 

  Current smoker 

 

64 (67.37%) 

15 (15.79%) 

16(16.84%) 

 

27 (60%) 

6 (13.33%) 

12 (26.57%) 

 

0.402 

0.197 

0.307 

 

1.0 

1.778 (0.742-4.257) 

1.875(0.561-6.268) 

Residency 

  Rural 

  Urban 

 

42(44.2%) 

53 (55.8%) 

 

29 (64.44%) 

16 (35.56%) 

0.025 

 

1.0 

2.287 (1.100- 4.758) 

N: number, SD: standard deviation, BMI: body mass index, CI: confidence interval, OR: odds 

ratio. 

 

Asp299gly and Thr399Ile 

     Each of Asp299gly and Thr399Ile SNPs 

appeared in two genotypes. For Asp299gly, 

these were AA and AG which represented 

96.84% and 3.16% respectively in PCa 

patients and  91.11% and 4.89% respectively 

in controls with no significant difference (OR 

=0.334, 95%CI =0.072-1.561, P =0.164) 

figure1, table -3-.  For Thr399Ile SNP, these 

genotypes were CC and CT which accounted 

for 98.42% and 1.58% respectively in PCa 

and 80 and 20% in controls with no 

significant difference (OR=0.176, 

95%CI=0.051-0.607, P=0.06).  None of 

either patients or healthy control in this study 

has homozygous mutant genotype for both 

SNPs (Figure 2, Table 3). 

      Chi-square analysis was used for testing 

allele distribution, and the result indicated 

that the two SNPs met the Hardy-Weinberg 

equilibrium. Analysis of allele frequencies 

showed non-significant differences in the 

frequency of the G allele (the mutant allele of 

Asp299gly SNP) between PCa patients and 

control (1.58% and 4.44% respectively). 

However, frequency of T allele (the mutant 

allele of Thr399Ile SNP) was higher in 

controls (10%) compared to PCa patients 

(2.1%) with significant difference (OR = 

0.194, 95%CI =0.058-0.647, P =0.008) 

(Table 3). 
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A                                                        B 

Figure (1): DNA sequencing for part of TLR4 gene). The arrow indicates the position of the 

SNP Asp299Gly. A: represents the genotype AA, B: AG. 

 

     
A                                                    B 

Figure (2): DNA sequencing for part of TLR4 gene (reverse strand). The arrow shows the 

position of the SNP Thr399Ile. A: represents genotype CC, B: TC. 

 

rs11536889 

     The rs11536889 SNP had three genotypes 

which were GG, CG and CC (Figure 3 ). 

These genotypes accounted for 72.63%, 

22.1% and 5.26% respectively in PCa 

patients compared with 88.89%, 8.89% and 

2.25% respectively in control. The 

homozygous mutant genotype (CC) showed 

significant difference between the patients 

and control (OR =3.433, 95%CI =1.107-

10.645, P =0.033). At allele level, the 

frequency of mutant allele (C) was 

significantly higher (16.32%) in PCa patients 

than that of control (6.67%)(OR =2.730, 

95%CI =1.095-6.803, P =0.031). (Table3). 

 

 

   
A                                      B                                      C 

Figure (3): DNA sequencing for part of TLR4 gene. The arrow shows the position of the SNP 

rs11536889 SNP. A: GG genotype, B: CC genotype and C: CG genotype. 
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Table (3): Genotypes and allele frequencies in the study groups. 

Variables  patients 

N=95 

Control 

N=45 

P- value OR (95%CI) 

Asp299gly 

AA 

AG 

GG 

 

92 (96.84%) 

3 (3.16%) 

0 

 

41(91.11%) 

4(4.89%) 

0 

0.164 

 

1.0 

0.334(0.072-1.561) 

Alleles 

A 

G 

 

187(98.42%) 

3(1.58%) 

 

86(95.56%) 

4(4.44%) 

0.169 

 

1.0 

0.345(0.575-1.575) 

Thr399Ile 

  CC 

  CT 

  TT 

 

91(95.58%) 

4 (4.21%) 

0 

 

36 (80%) 

9 (20%) 

0 

0.06 

 

1.0 

0.176(0.051-0.607) 

 

Alleles 

 C 

 T 

 

186(97.89%) 

4 (2.1%) 

 

81(90%) 

9 (10%) 

0.008 

 

 

1.0 

0.194(0.058-0.647) 

rs11536889 

GG 

CG 

CC 

 

69 (72.63%) 

21 (22.1%) 

5 (5.26%) 

 

40(88.89%) 

4 (8.89%) 

1 (2.225%) 

 

0.01 

0.326 

0.033 

 

1.0 

2.985(0.337-26.472) 

3.433(1.107-10.645) 

Alleles 

G 

C 

 

159 (83.68%) 

31 (16.32%) 

 

84(93.33%) 

6(6.67) 

0.031 

 

1.0 

2.730(1.095-6.803) 

 

Discussion 

     Globally, PCa is the second most common 

male malignancy and the sixth leading cause 

of male death, making a considerable global 

health burden [14]. Despite this high 

prevalence; the number of known risk factors 

is still limited, providing little insight in the 

elucidation which men would be susceptible 

to develop the disease. 

     Residency appeared to be the only 

environmental risk factors which had 

significant effect on the individual's 

susceptibility to PCa (OR=2.287). These 

results imply that urban residents have 2.287-

fold greater risk of getting PCa than rural 

residents. However, such results may 

implement some bias because accession of 

health care centers and screening with PSA 

test is more available for urban residents. 

Consequently, more cases among those 

residents are recorded. 

     One of the most documented risk factor 

for PCa is family history of cancer. Not only 

first relative history of PCa could affect the 

individual's risk for this malignancy, but also 

the presence of PCa in such a relative could 

do so [15-17]. The mechanism accounts for 

such association could be related to SNPs in 

breast cancer (BCA1 and BCA2) genes [17]. 

However, our study did not find significant 

association between the family history of 

PCa or BCa and the risk of getting PCa may 

be due to the limited numbers of PCa patients 

involved in this study.      

     Results of the present study indicate that 

the allele T of Thr399Ile reversely associated 

with risk of PCa (subjects who carry this 

allele are 5.154-fold less likely to have PCa 
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than subjects who carry C allele). Most 

contemporary researches indicate either none 

such associations with PCa [18]. Positive 

association with PCa [11]. Or positive 

association with other malignancies such as 

noncardia gastric cancer [19]. And breast 

cancer [20].  The exact reasons for this 

discrepancy between our findings and that of 

these authors cannot be explained, but it 

might reflect the role of different 

geographical areas, different ethnics groups 

and different immune status. That is because 

in most of the instances; the association 

between SNPs and predisposition to certain 

diseases has been shown to depend on 

several factors among which ethnic 

background, and/or prior immune 

deficiencies [21]. For instance, several SNPs 

in c-Myc gene were found to reduce the risk 

of PCa in caucasians but not in african 

americans [22]. 

     Immune system plays an important role, 

not only in the defense against microbial 

infections but also in controlling and 

surveillance of malignant tumors. Immune 

system cells can scan the tissues in order to 

remove newly formed malignant or 

transformed cells before they can turn into 

fully formed malignancy [23]. 

     How can these two SNPs alter the 

structure and/or function of TLR4 is a 

question the exact answer of which is still a 

controversial issue. However, mutant allele 

can exploit one or more of three possible 

ways to influence TLR4 function; expression, 

signaling, or ligand binding. The majority of 

researches in this regard pointed out that 

expression of TLR4 is not affected by these 

SNPs [21, 24]. 

     Accordingly, Wu, in 2011 hypothesized a 

disruption in the interaction between the 

mutant TLR4 and other components such as 

CD14, LBP, or MD-2 which are part of the 

functional response of TLR4. This disruption 

results from conformational changes in the 

receptor [24].  Henckaerts et al (2007), 

proposed saddle-like surface of 

extracellular domain of mutant TLR4 with 

the Asp299Gly and Thr399Ile amino acids 

which are positioned at the two opposite ends 

of the saddle, and the concavity that lies 

between the two amino acids suggesting a 

possible docking site for either the ligand or 

the co-receptor that may disrupt the normal 

function of the receptor. Threonine amino 

acid at a 399 position conserved the 

branched-side chain, but it increases the 

overall steric bulk in this region and might be 

precluding the ligand/cofactor docking [25]. 

     Undoubtedly such conformational 

changes and the disruption in the ligand-

docking will alter these signaling pathways 

of mutant TLR4. Davoodi et al (2012) 

demonstrated that the activity of NF-kB in 

the mutant TLR4-cells was higher than that of 

the wild type in response to LPS. In addition, 

there were high levels of interleukin-1 

receptor-associated kinase (IRAK) that were 

accompanied with a rapid degradation of this 

factor upon treatment with LPS in wild type 

compared with the mutant TLR4 [26]. This 

caused reduce in the signaling and reduced 

cytokine genes transcription because the 

degradation of IRAK serves as a negative 

feedback mechanism. Eventually, there will 

be less inflammatory response, and this may 

explain what is seemed as a protective role of 

Thr399Ile SNP against prostate cancer. 

     Our study revealed a significant 

importance of CC genotype of the 

rs11536889 SNP as a PCa risk factor. 

Individuals carrying this genotype have 

3.433-fold risk of getting PCa those who 

carry GG genotype. These results are in 

accordance with a previous large study 

conducted in Sweden which analyzed eight 

SNPs in TLR4 genes, in 1383 patients with 

PCa, and 780 age-matched controls. The 

study showed that GC or CC genotypes of 

rs11536889 increase the risk of PCa by 4.9% 

[12].   
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     Unlike the previous two SNPs, this SNP is 

unlikely to affect the conformation of TLR4 

protein because it is located in the 3'UTR, but 

not in the coding-region of TLR4 gene. 

Accordingly, this may influence transcription 

or translation of this gene [27]. Sato et al. 

(2012) showed that there was no significant 

difference in the expression levels of TLR4 

mRNA on the peripheral blood mononuclear 

cells (PBMCs) between the different 

genotypes of this SNP [13]. However, 

protein levels of TLR4 were increased 

significantly, only in the CC genotype-

carrying patients. This suggests that this 

variant affects the translation rather than the 

transcription. 

     Functionally, the mutant TLR4 protein 

from this SNP seems to be more active than 

the wild type protein in the secretion of the 

proinflammatory cytokines. Bihl et al. (2003) 

showed that PBMCs from CC patients 

produced slightly higher levels of TNF-α and 

IL-6 than cells from persons with other 

genotypes [28]. Later on, Sato et al. (2012) 

found significantly higher levels of IL-8 

secreted from PBMCs belong to CC and GC 

subject in response to LPS than those cells 

from GG subjects [13]. These evidences 

suggested that up-regulation of TLR4 

expression accompanied by increased TLR4 

function may promote recognition of LPS in 

gram-negative bacteria in the prostate and 

increase the production of proinflammatory 

cytokines. Eventually, a chronic 

inflammation may evident which predispose 

to PCa. 

     It may be premature to reach such 

conclusions, and clearly there may be other 

possible interpretations for our findings. 

However, our results indicate a protective 

role of mutant allele of the Thr399Ile SNP (T 

allele) against the PCa, while mutant allele of 

rs11536889 increases the risk of this cancer 

may be through hyper function of mutated 

TLR4 and subsequent increase of pro-

inflammatory cytokine production. This can 

create a chronic inflammation 

microenvironment which facilitates the 

transgenic process. We recommend further 

studies on larger sample size and other 

different mutations in TLR4 genes. 
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