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Abstract 

This is the first study to examine the potential correlation of the rs3796508 and rs5743810 SNPs of the 
TLR6 gene in patients with colorectal cancer (CRC) in a subset of the Saudi population. TLR6 gene 
expression was studied by real-time PCR assaysin 10 matching normal and cancer colon tissues. TLR6 
expression at the protein level was determined by immunohistochemistry. A case-control search was 
conductedon 115 case patients and 102 controls. All samples were genotyped with the TaqMan assay for 
the TLR6 gene. Odds ratios and 95% confidence interval were computed from logistic regression models 
after adjusting for age, sex, and tumor localization. Our findings showed a decrease in TLR6 expression (p 
<0.001) in colon cancer tissues when compared to normal colon tissues. Global analysis revealed no 
significant association between the TLR6 rs3796508 and rs5743810 and CRC in this population. 
However, the Val/Met genotype of rs3796508 had a significantly higher frequency in the control group 
than in the cases for the male group (OR= 0.095, and p= 0.03385) or the volunteers aged more than 57 
years OR= 0.152; and p= 0.04069, respectively). Two non-synonymous single nucleotide polymorphisms 
(SNP; S249P and V327M) were common in a few patients and were predicted as damaging by SIFT and 
Polyphen and were further analyzed for their protein stability and function using advanced bioinformatics 
tools. The results suggest that TLR6 rs3796508 has a crucial role as a protective factor against colorectal 
cancer in the older Saudi male population. 
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Introduction 
Colorectal cancer (CRC) is an important public 

health concern worldwide and remains the second 
leading cause of cancer-associated mortality among 
all malignancies [1]. Its accounts for an estimated 
500,000 cancer deaths every year, with one million 
new malignancy cases occurring annually; metastasis 
of this disease is still correlated with a high mortality 
rate and a poor prognosis [2]. To date, CRC can be 
diagnosed both by fecal occult blood screening tests 
and optical colonoscopy [3] but, unfortunately, 

patients with CRC are not normally diagnosed until 
the disease has reached an advanced stage [4]. 
Therefore, a clear need exists for identifying CRC 
disease at the early stage to reduce the CRC-related 
mortality and to improve the survival of patients with 
advanced CRC. In the Kingdom of Saudi Arabia 
(KSA), CRC accounts for 12% of all cancer types and 
11% of all cancer new cases; the incidence of CRC has 
increased in recent years and further increases are 
predicted in the future [5]. In the Saudi population, 
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CRC is the second most common malignancy among 
various cancers and is now the most common 
malignancy in males [5].  

Evidence from previous studies indicates that 
cancer is closely associated with a deregulation of in 
immune function and that a low immune response 
has a direct and inverse association with many types 
of cancer. In humans, the immune system consists of 
two classes: innate immunity and adaptive immunity 
[6]. An association between the dysregulation of 
innate immunity and cancer development risk has 
been reported previously in our own and other 
studies [7-9]. Of the two immune system classes in 
humans [10,11], the innate system is responsible for 
nonspecific immune responses mediated by 
phagocytotic cells, such as dendritic cells, 
macrophages, and neutrophils, and represents a first 
line defensive mechanism for protecting the host from 
invading microbial pathogens, pollutants, and 
endogenous dangerous molecules [12,13].  

 The human innate immunity system is activated 
by specific pathogen-associated molecular patterns 
(PAMPs). PAMPs are detected by special receptors, 
the pattern recognition receptors (PRRs), which are 
located in both cellular membrane and cytosol of the 
host cells [14,15]. A main form of PRRs are the 
Toll-like receptors (TLRs) [12,16], which function as 
the first line of defense against attacking pathogens. 
TLRs have the ability to initiate inflammatory 
responses and they also have roles in the proliferation, 
regulation, and survival of immune cells [17]. The 
genes for TLRs have vital roles in acquired and innate 
immunity and their expression profiles, which vary in 
different cells type, are correlated with various 
diseases and cancer susceptibility [18]. Dysregulation 
of TLR expression and activation has been reported in 
most inflammatory disorders, suggesting an 
involvement of TLR signaling in the pathogenesis of 
infectious diseases and autoimmune inflammatory 
diseases [19-21], and this dysregulation is correlated 
with tumor progression and carcinogenesis during 
chronic inflammation.  

 TLRs are type I single-path transmembrane 
proteins that contain extracellular leucine-rich repeats 
(which are responsible for recognition of particular 
pathogens), a single transmembrane helix, and a 
cytoplasmic Toll/interleukin-1 receptor (TIR) domain 
responsible for downstream signaling [22]. The 
human TLR family includes at least ten TLRs, named 
TLR1 to TLR10. Human TLR6 has a single exon and is 
located on chromosome 4p13 [6]. The majority of 
TLRs seem to function as homodimers, except for 
TLR6, which forms heterodimers with TLR2 [23].  

 Genomic instability initiated by DNA damage 
resulting from tobacco smoking, alcohol 

consumption, fat metabolism, and chemical agents, 
can lead to the development of CRC [24]. One 
common genetic variation that could be used as a 
biomarker to detect the development of CRC risk are 
single nucleotide polymorphisms (SNPs) [25], which 
have a recognized association with the susceptibility 
to inflammatory disease and other infections in 
different human populations [26]. Genetic variations 
caused by SNPs in TLR may lead to alterations in the 
immune system and variations have been identified in 
different types of tumors, such as prostate [27], gastric 
[28,29], bladder [30], cervical [31,32], breast [33], 
endometrial [34] and esophageal [32] cancers. The 
presence of SNPs has also been correlated with the 
following malignancies: acute lymphoblastic 
leukemia [35], hepatocellular carcinoma (HCC) [36], 
Hodgkin’s lymphoma [37], and Burkett’s lymphoma 
[38]. However, the TLR 2, 3, 4, and 9 polymorphism 
genes are not associated with increased breast cancer 
risk [7,39].  

 CRC tissues show higher expression of the 
TLR1, TLR2, TLR4, TLR8, and TLR9 genes [8,9,40], 
andTLR6 polymorphisms are linked to a risk of 
pancreatic cancer [41]. We hypothesized that genetic 
polymorphisms in TLR6 may be correlated with the 
risk of CRC. Consequently, the aim of the present 
study was to determine the potential effect of the 
SNPs rs3796508 at Valine 327 and rs5743810 at Serine 
249 of the TLR6 gene on the CRC risk in the Saudi 
population when compared with healthy subjects. A 
second aim was to identify differences in genotype 
and allele distributions between the two groups 
according to age, sex, and tumor location. The 
expression profiles of TLR6 were therefore compared 
between patients with CRC and healthy subjects. 

Materials and Methods 

Patients selected for the current study 
Population-based case and control groups were 

selected in the Kingdom of Saudi Arabia (KSA). This 
study included a total of 115 patients with 
histologically confirmed CRC and 102 healthy 
individuals. Blood and tissue samples were obtained 
from the endoscopy service of the King Khalid 
University Hospital (KKUH) in Riyadh, KSA. This 
study was approved by the local institutional review 
board with IRB number CAMS 13/3536. At the time 
of the initial recruitment of groups, all clinical data 
and blood and tissue samples were collected from the 
Saudi patients with CRC, together with matching 
normal colorectal tissues. All participants were asked 
to complete a self-administered written consent form 
and questionnaire regarding their socio-demographic 
characteristics, including age, lifestyle, smoking 
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habits, family history of cancer, stage of CRC cancer, 
medications, presence of other diseases, personal 
medical history, and date of diagnosis (Table 1). The 
cases and control subjects were frequency-matched by 
age and sex. The study population median ages were 
56.04±14.37 years for CRC cancer cases and 
52.84±15.88 years for the control group (p= 077). 
Tissue samples were used for both RNA isolation and 
for immunohistochemistry, while blood samples were 
used for genomic DNA isolation. 

DNA isolation 
Sample collection has been described in detail 

elsewhere [8]. Genomic DNA was extracted from 
peripheral blood leukocytes using the Blood DNA 
extraction kit (Qiagen, Valencia, CA, USA) according 
to the manufacturer’s instructions. Briefly, 200 to 300 
μl blood samples stored in EDTA tubes at -80°C were 
equilibrated at room temperature and then mixed 
with protease K digestion reagent. The reaction 
mixtures were incubated at 56 °C for 10 minutes, then 
100% ethanol was added and the mixture was spun 
through the extraction column. The column 
membrane was washed and then the DNA was eluted 
with 100 μl elution buffer (AE). The isolated DNA 
concentration was calculated with a Nano-Drop 8000 
spectrophotometer (Thermo Scientific). The DNA 
purity was determined by calculating the A260/A280 
and A260/A230 ratios. 

SNP selection and genotyping  
The two selected SNPs, rs3796508 and rs5743810, 

were genotyped and were previously identified 
within the TLR6 gene (www.ncbi.nlm.nih.gov/snp/). 
Genotyping was carried out using a TaqMan allelic 
discrimination assay, as previously described [42]. 
The positional information about the TLR6 SNPs is 
presented in Table S1. Approximately 10 to 20 ng 
DNA from each sample was used per reaction in the 
genotyping assay. The tube reaction also contained 
200 nM primers and 5.6 μL of 2X Universal Master 
Mix. All genotypes in this study were determined by 
endpoint reading on an ABI 7500 real-time PCR 
machine. The primer and probe mixtures were 
obtained from the assays-on-demand service of 
Applied Biosystems.  

Total RNA isolation 
Total RNA was extracted from 10 CRC tissues 

and 10 matching normal colon tissues using the RNA 
Mini kit from Qiagen (Qiagen, Hilden, Germany). The 
isolated RNA purity, concentration, and quality were 
all measured with a NanoDrop 8000 (Thermo 
Scientific, Paisley, UK). The extracted RNA was stored 
in nuclease-free collection tubes at -80°C until further 
use. 

Complementary DNA (cDNA) synthesis  
As described by Semlali et al [43,44], 1μg of total 

RNA from each sample was reverse transcribed into 
cDNA using random primers and the High-capacity 
cDNA Reverse Transcription kit according to the 
manufacturer’s protocol (Applied Biosystems, USA). 
The conditions for the preparation of the cDNA 
templates for PCR analysis were 10 min at 25°C, 2 h at 
37°C, and 5 min at 85°C. Afterwards, the synthesized 
cDNA was kept at -20 °C or 4°C in nuclease-free 
collection tubes for the subsequent analysis. 

Real-Time quantitative reverse transcription 
PCR (qRT-PCR) 

Real time PCR was carried out by using the 
QuantStudio 7Flex detection system from Applied 
Biosystems and was performed using the Taq™ 
Universal SYBR® Green Supermix kit from BIO-RAD 
Laboratories (San Diego, USA) according to the 
manufacturer’s protocol. Five μL of each cDNA 
sample was added to a 20 μL PCR mixture containing 
12.5 μL of Taq™ Universal SYBR Green SuperMix 
(Bio-Rad) and 0.5 μL of specific primers for TLR6 and 
GAPDH from Eurofins MWG operon (Canada) and 7 
μL of RNase/DNase-free water. The PCR tube 
contents were then reacted in a PCR cycling machine 
to amplify the samples with the following program: a 
5-minutepre-denaturation step at 95°C, followed by 
40 cycles of 10-second denaturation steps at 95°C, then 
a 30-second annealing step at 60°C, and a final 
10-second extension stage at 95°C. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) was used as a 
positive control for the qRT-PCR results. The PCR 
results were analyzed on a7500 Real-Time PCR 
System (Applied Biosystems) and evaluated via the 
2-∆∆Ct (Livak) relative expression method. The TLR6 
and GAPDH primer sequences and amplicon sizes are 
described in Table 2. 

Immunohistochemistry (IHC) assay 
The CRC tissues and matching normal colon 

tissue specimens were embedded in paraffin wax and 
sectioned at about 5-μm thickness with a microtome 
(Leica Microsystems GmbH, Wetzlar, Germany). The 
tumorareas in IHC slides were defined by staining 
each section with hematoxylin and eosin stains. The 
array tissue blocks were obtained as described 
elsewhere [45] and each slide was incubated in a hot 
air oven at 60°C for 15–20 minutes, followed by 
incubation with a primary TLR-6 antibody (Santa 
Cruz Biotechnology, CA, USA) at a 1/100 dilution. 
The other steps and analyses for IHC were conducted 
as described by Semlali et al. [9]. The immuno-stained 
slides were analyzed with an Olympus BX51 light 
microscope (Olympus America Inc., Center Valley, 
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PA, USA) equipped with aDP72 Olympus digital 
camera with powers 400×.  

IHC analysis was performed by using points (0 
to 4) according to the level and range of the color in 
each condition: 0 point corresponds to no positive 
color; 1 point corresponds to <20% positive staining; 2 
points means a positive staining between 21 50%; 3 
points corresponds to , 51–75% positive staining; and 
4 points means >75% positive staining. 

Predicting the Functionality of the 
Non-synonymous Variants  

The possible associations between genetic 
mutation and a varying degree of TLR6 gene 
mutations in patients with CRC were explored by 
changing the amino acid stability through mutation, 
analyzing using SIFT and Polyphen. Both native and 
mutant protein secondary structures were analyzed 
for solvent accessibility. A better understanding of the 
disease association and the specific development of 
inhibitors or rational drugs were obtained by 
constructing three dimensional structures of the 
mutated protein. These 3D structures were further 
exposed to external and internal forces using MD 
simulations, CHARMM and GROMACS 4.0.5, along 
with the Molecular Operating Environment (MOE). 
All the associated atoms were predicted in every 
single discrete step using classical equations of 
motion, in their simplest form of Newton's law, in 
millions of steps and for up to a few femtoseconds. 

The possible impact of the two SNPs (S249P and 
V327M) on the structure/ function of the TLR6 
protein was predicted using SIFT and PolyPhen. SIFT 
(http://sift.jcvi.org/) is a sequence homology-based 
tool that can predict variants as neutral or deleterious 
based on the normalized probability score. Variants at 
specific positions are considered “predicted to be 
deleterious” when the normalized probability score is 
less than 0.05, whereas variants are “predicted to be 
neutral” when the score greater is than 0.05 [46]. 
PolyPhen 2.0 (http://genetics.bwh.havard.edu/ 
pph2/) utilizes a combination of sequence and 
structure-based attributes and uses naïve Bayesian 
classifiers for the identification of an amino acid 
substitution and the effect of a mutation. The output 
levels of “probably damaging” and “possibly 
damaging” were classified as deleterious (=0.5) and 
the benign level was classified as tolerated (=0.51) 
(Table 7).  

Statistical analysis 
Statistical analyses were carried out as follows: 
1) For gene expression, cycle threshold (Ct) 

values were calculated and presented as arithmetical 
mean ± standard deviation (SD) for TLR6 gene 
expression, and transformed as fold changes. 

Statistical significance was evaluated by Student’s 
t-test for comparisons between groups. A p-value of < 
0.05 was considered statistically significant. Graphs 
were constructed using Microsoft Excel 2010. All 
graph values represent mean values. 

2) For genotyping, the Hardy–Weinberg 
equilibrium test (HWE) (http://ihg2.helmholtz- 
muenchen.de/cgi-bin/hw/hwa1.pl) was used to 
evaluate the frequencies of the analyzed 
polymorphisms of the TLR6 gene (genotypes and 
alleles) for the CRC patients and healthy controls. 
Genetic comparisons between the CRC cases and 
controls according to age, gender, and tumor location 
were achieved using the chi-square test. The odds 
ratios (OR) and 95% confidence intervals (CIs) were 
designed with Fisher’s exact probability test 
(two-tailed). For statistical analysis, SPSS (Statistical 
Package for the Social Sciences) 16.0 software was 
used and p values <0.05 were considered statistically 
significant. 

Results 
Basic analysis distribution of clinical data 
parameters 

Table 1 shows the distribution of the key clinical 
parameters of the study subjects by CRC case or 
healthy control status, including the total number of 
participants in each class, gender, age at diagnosis, 
median age, and tumor localization. The total number 
of the current study population was 217, consisting of 
115 CRC cases and 102 healthy controls. Our analysis 
of the general demographic characteristics of the 
participants determined a median age ± standard 
deviation (SD) of 56.04±14.37 years for the CRC 
patients and 52.84±15.88 years for the controls. The 
ratio of males to females was 66 (57.39%)/49 (42.61%) 
for the CRC cases and 60 (58.82%)/42 (41.18%) for the 
healthy controls. The differences in the mean age 
(p=077), male ratio (p=0.59) or female ratio (p=0.46) 
were not statistically significant. Among the cases 
with CRC, 76 (66.09%) of these patients had tumors 
localized in the colon and 39 (33.91%)) had CRC 
malignancies localized in the rectum.  

TLR6 gene expression profiles in colon cancer 
tissues and matching normal colon tissues 

For RNA analysis, 10 matching tissue samples 
isolated from either normal or cancer tissues were 
immediately stored in RNA-later solution to protect 
and stabilize cellular RNA. These tissues were used 
later for qRT-PCR to compare the TLR6 mRNA 
expressions between colon cancer tissues and 
matching normal colon tissues. Figure 1A shows a 
decrease in TLR6 expression in colon cancer tissues 
(1.03 ± 0.04) when compared to normal colon tissues 
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(0.38 ± 0.7, p<0.0001). The real-time PCR results for 
TLR9 mRNA were confirmed at the protein level by 
IHC, which showed a less intense positive 
immuno-staining for TLR6 in the cancer tissues than 
in the normal colon tissues, indicating a pronounced 
decrease in TLR6 protein in colon cancer tissues 
(Figure 1B).  

Global analysis of the correlation between 
TLR6 gene polymorphisms and susceptibility 
to CRC development  

DNA was extracted from the whole blood of the 
115 patients diagnosed with CRC and 102 healthy 
controls. The DNA was genotyped by HWE for the 
presence of the rs3796508 C/T and rs5743810 C/T 
TLR6 SNPs. The allele and genotype frequencies and 
the correlation analysis are presented in Table 3. Both 
SNPs were located in the exon region of TLR6 gene; 
however, the global analysis of TLR6 for two SNPs 
did not display any relationship with increased CRC 
risk in the study population. The prevalences of the 
Val/Val, Val/Met, and Met/Met genotypes in the 
TLR-6 rs3796508 SNP were 96%, 2%, and 2%, 
respectively, in the CRC case group and 94%, 6%, and 
0%, respectively, in the control group (Table 3). The 
prevalences of the Ser/Ser, Ser/Pro, and Pro /Pro 
genotypes in the rs5743810 SNP were 2%, 25%, and 
73%, respectively, in the CRC case group and 3%, 
19%, and 78%, respectively, in the control group. The 

prevalence of the “Val” and “Met” frequencies was 
similar for rs3796508 in both groups. The “Val” 
distribution was 79% in the CRC samples and 3% in 
the normal control. Similarly, the “Ser” and “Pro” 
allele frequencies were similar for the CRC Saudi 
population and healthy controls from the same ethnic 
population. The “Ser” allele frequencies were 14% 
and 12%, respectively, in the CRC cases and healthy 
controls, whereas the prevalence of the “Pro” allele 
was 86% and 88%, respectively (Table 3). 

 

Table 1: General clinical parameters of the study participants 

Variables Cancer N (%) Control N (%) P*- Value 
Participants 115(100%) 102(100%) --- 
Gender 
Males 66(57.39%) 60(58.82%) 0.59 
Females 49(42.61%) 42(41.18%) 0.46 
Age  
Below 57 57(49.57%) 62(60.78%) --- 
Above 57 58(50.43%) 40(39.22%) --- 
Median Age 56.04± 14.37 52.84 ± 15.88 0.77 
Tumor Localization 
Colon 76(66.09%) --- --- 
Rectum 39(33.91%) --- --- 
Smoking Status 
Smokers 7(6.09%) 5(4.91%) 0.56 
Nonsmokers 108(93.91%) 97(95.09%) 0.44 
Tumor Treatment  
Under Chemotherapy 3(2.61%) --- --- 
No Chemotherapy 112(97.39%) --- --- 
Under Radiotherapy 5(4.35%) --- --- 
No Radiotherapy 110(95.65%) --- --- 

 

 

 
Figure 1: Real time quantitative and immunohistochemistry analyses for TLR6 in matching normal and colon cancer tissues. Panel (A) shows mRNA 
expression of TLR6 in normal tissues and colon cancer tissues (n=10). However, protein levels were shown in Panel (B) by IHC assay using specific TLR6 antibody (n=10) and 
analysis by Score points (C). The panel (D) represents the TLR6 expression on colon cancer cells. 
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Table 2: Primers used in Real-Time PCR 

Gene Primer sequence (5’ to 3’) Size (bp) 
TLR-6- sense 5’-CATCCTATTGTGAGTTTCAGGCAT-3’ 121 
TLR-6- antisense 5’-GCTTCATAGCACTACATCCCAAG-3’ 
GAPDH- sense 5’-GGTATCGTCGAAGGACTCATGAC-3’ 180 
GAPDH- antisense 5’-ATGCCAGTGAGCTTCCCGTTCAGC-3’ 

 

Distribution of TLR6 gene polymorphisms 
according to gender  

The possibility of a statistically significant 
relationship between the risk of CRC development in 
the Saudi Arabia population according to gender was 
determined based on comparison of the distribution 
of the TLR6 genotype and allele frequencies from 

male CRC patients versus male controls and female 
CRC cases versus female controls and the results are 
summarized in Table 4 A and Table 4B, respectively. 
In the male group (66 patients and 60 controls), the 
heterozygous Val/Met was a more significant 
genotype of SNP rs3796508 in the control group than 
in the CRC case group (OR= 0.095, 95% CI: 
0.005-1.807, and p= 0.03385), suggesting that the 
Val/Met genotype was a protective factor against 
CRC. The “Val” and “Met” alleles were similar in 
male CRC patients and male normal controls, at 98% 
for “Val” in the CRC cases and 96% in the controls. By 
contrast, the distribution of “Met” alleles was 2% in 
the CRC cases and 4% in the controls (Table 4A). 

 

Table 3: Genotype frequencies of TLR6 gene polymorphism in CRC cases and controls 

SNP ID Genotype CRC N (%) Controls N (%) OR (95% CI) χ2 –Value p*- Value 
rs3796508 Val/Val 110(0.96) 94(0.94) Ref    

Val/Met 2(0.02) 6(0.06) 0.285 0.056-1.44 2.58 0.10795 
Met/Met 2(0.02) 0(0.00) 4.276 0.203-90.18 1.70 0.19294 
Val/Met+Met/Met 4(0.04) 6(0.06) 0.570 0.156-2.079 0.74 0.38896 
Val 222(0.97) 194(0.97) Ref    
Met 6(0.03) 6(0.03) 0.874 0.277-2.75 0.05 0.81781 

rs5743810 Ser/Ser 2(0.02) 3(0.03) Ref    
Ser/Pro 29(0.25) 19(0.19) 2.289 0.349-15.010 0.78 0.37792 
Pro/Pro 83(0.73) 79(0.78) 1.576 0.256-9.683 0.24 0.62065 
Ser/Pro+Pro/Pro 112(0.98) 98(0.97) 1.714 0.281-10.471 0.35 0.55493 
Ser 33(0.14) 25(0.12) Ref    
Pro 195(0.86) 177(0.88) 0.835 0.478-1.458 0.40 0.52513 

* = p value < 0.05 is significant 
OR= Odds Ratio, CI= confidence interval, χ2= chi-square value 

 

Table 4: Genotype frequencies of TLR6gene polymorphism in CRCcases and controls based on gender  

SNP ID Genotype CRC N (%) Controls N (%) OR (95% CI) χ2 –Value p*- Value 
(A) Male vs control 
rs3796508 Total 63 57     

Val/Val 62 (0.98) 53 (0.93) Ref    
Val/Met 0(0.00) 4(0.07) 0.095 0.005-1.807 4.50 0.03385* 
Met/Met 1(0.02) 0(0.00) 2.568 0.102-64.36 0.85 0.35695 
Val/Met +Met/Met 1(0.02) 4(0.07) 0.214 0.023-1.971 2.21 0.13713 
Val 124(0.98) 110(0.96) Ref    
Met 2(0.02) 4(0.04) 0.444 0.080-2.469 0.91 0.42870 

rs5743810 Total 65 58     
Ser/Ser 2(0.03) 2(0.03) Ref    
Ser/Pro 18(0.28) 11(0.19) 1.636 0.201-13.34 0.21 0.64330 
Pro/Pro 45(0.69) 45(0.78) 1 0.135-7.412 0.00 1.00000 
Ser/Pro+Pro/Pro 63(0.97) 56(0.97) 1.125 0.153-8.253 0.01 0.90773 
Ser 22(0.17) 15(0.13) Ref    
Pro 108(0.83) 101(0.87) 0.729 0.358-1.483 0.76 0.38192 

(B) Female vs control 
rs3796508 Total 51 41     

Val/Val 48 (0.94) 39 (0.95) Ref    
Val/Met 2(0.04) 2(0.05) 0.812 0.109-6.034 0.04 0.83890 
Met/Met 1(0.02) 0(0.00) 2.443 0.097-61.65 0.81 0.36958 
Val/Met +Met/Met 3(0.06) 2(0.05) 1.219 0.194-7.662 0.04 0.83273 
Val 98(0.96) 80(0.98) Ref    
Met 4(0.04) 2(0.02) 1.633 0.292-9.144 0.32 0.69448 

rs5743810 Total 49 41     
Ser/Ser 0(0.00) 1(0.02) Ref    
Ser/Pro 11(0.22) 8(0.20) 4.059 0.15-112.4 1.29 0.25668 
Pro/Pro 38(0.78) 32(0.78) 3.554 0.14-90.243 1.17 0.27982 
Ser/Pro+Pro/Pro 49(1) 40(0.98) 3.667 0.145-92.45 1.21 0.27162 
Ser 11(0.11) 10(0.12) Ref    
Pro 87(0.89) 72(0.88) 1.098 0.441-2.733 0.04 0.83990 

* = p value < 0.05 is significant 
OR= Odds Ratio, CI= confidence interval, χ2= chi-square value 
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Table 5: Genotype frequencies of TLR6 gene polymorphisms in CRC cases and controls based on age. 

SNP ID Genotype CRC n (%) Controls n (%) OR (95% CI) χ2 –Value p*- Value 
(A) Below 57 years 
rs3796508 Total 56 62     

Val/Val 54 (0.96) 60(0.97) Ref    
Val/Met 1(0.02) 2(0.03) 0.556 0.049-6.301 0.23 0.63067 
Met/Met 1(0.02) 0(0.00) 3.330 0.133-83.473 1.10 0.29416 
Val/Met +Met/Met 2(0.04) 2(0.03) 1.111 0.151-8.162 0.01 0.91749 
Val 109(0.97) 122(0.98) Ref    
Met 3(0.03) 2(0.02) 1.679 0.275-10.24 0.32 0.67815 

rs5743810 Total 58 62     
Ser/Ser 1(0.02) 2(0.03) Ref    
Ser/Pro 11(0.19) 13(0.21) 1.692 0.135-21.270 0.17 0.68123 
Pro/Pro 46(0.79) 47(0.76) 1.957 0.172-22.338 0.30 0.58229 
Ser/Pro+Pro/Pro 57(0.98) 60(0.97) 1.900 0.168-21.532 0.28 0.59852 
Ser 13(0.11) 17(0.14) Ref    
Pro 103(0.89) 107(0.86) 1.259 0.582-2.722 0.34 0.55797 

(B) Above 57 years 
rs3796508 Total 58 38     

Val/Val 56 (0.96) 34 (0.89) Ref    
Val/Met 1(0.02) 4(0.11) 0.152 0.016-1.415 3.52 0.04069* 
Met/Met 1(0.02) 0(0.00) 1.832 0.073-46.24 0.60 0.43739 
Val/Met +Met/Met 2(0.04) 4(0.11) 0.304 0.053-1.747 1.96 0.16120 
Val 113(0.97)) 72(0.95) Ref    
Met 3(0.03) 4(0.05) 0.478 0.104-2.198 0.94 0.43795 

rs5743810 Total 56 39     
Ser/Ser 1(0.02) 1(0.03) Ref    
Ser/Pro 18(0.32) 6(0.15) 3.000 0.162-55.721 0.59 0.44379 
Pro/Pro 37(0.66) 32(0.82) 1.156 0.069-19.242 0.01 0.91933 
Ser/Pro+Pro/Pro 55(0.98) 38(0.97) 1.447 0.088-23.860 0.07 0.79488 
Ser 20(0.18) 8(0.10) Ref    
Pro 92(0.82) 70(0.90) 0.526 0.219-1.263 2.11 0.14596 

* = p value < 0.05 is significant 
OR= Odds Ratio, CI= confidence interval, χ2= chi-square value 

 
 The distribution of the genotypes and alleles for 

TLR6 rs5743810 in males did not show any 
statistically significant differences either for genotype 
or allele frequencies between the CRC cases and 
healthy controls (Table 4A). The prevalence of Ser/Ser 
(the ancestral genotype) was 3% in the male CRC 
cases and the male controls (Table 4A), while the 
Ser/Pro genotype prevalence was 28% and 19% in the 
cases and controls, respectively and the Pro/Pro 
genotype prevalence was 69% and 78%, respectively 
(Table 4A). The Ser and Pro allele distributions were 
17% and 83%, respectively, in the CRC study 
population and 13% and 87, respectively, for healthy 
controls from the Saudi Arabia population (Table 4A). 
By contrast, no genotype or allele frequencies 
differences were observed in female CRC cases or 
female healthy controls for either of the studied TLR6 
SNPs (rs3796508 and rs5743810). The frequency 
distributions for the Val/Met and Met/Met rs3796508 
mutations were similar in both study groups and no 
differences were noted between the female study 
groups in terms of the prevalence of Ser/Pro and 
Pro/Pro distribution for rs5743810 (Table 4B). These 
two study SNPs did not appear to have any 
association with CRC risk in females of the Saudi 
Arabian population (p > 0.05; Table 4B).  

Distribution of TLR6 gene polymorphisms 
according to age at CRC diagnosis 

The influence of the age at CRC diagnosis on the 
genetic frequency of TLR6 was examined by 
stratifying the study subjects by age as either less than 
57 years of age or 57 years of age and over. All 
genotype prevalences and the statistical analysis for 
the individual TLR6 polymorphisms are presented in 
Tables 5A and 5B, respectively. No significant 
differences were detected for the genotypes or the 
allele prevalence for the subgroup analysis of age (p 
>0.05) for the rs5743810 SNP and the healthy control 
group (Tables 5A and 5B). However, the Val/Met 
heterozygote genotype of SNP rs3796508 provided 
significant protection against the risk of CRC in the 
patients diagnosed with CRC after 57 years of age. 
The frequency of the Val/Me genotype was 2% and 
11%, respectively, for the CRC cases and healthy 
controls aged more than 57 years at diagnosis ( Table 
5B); however, the frequency of this mutant Val/Met 
genotype was similar in both study populations aged 
less than 57 years at diagnosis (Table 5A). This age 
difference suggests that the presence of this genotype 
is an essential factor for protection against the risk of 
CRC development in the Saudi population (OR= 
0.152; 95% CI: 0.016-1.415, and p= 0.04069; Table 5B); 
whereas the genotype frequency did not indicate a 
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significant risk for the same SNPs in patients aged less 
than 57 years (Table 5A). By contrast, the TLR6 
rs5743810 genotype and allele variation did not 
indicate any difference in CRC susceptibility in either 
sub-population (Tables 5A and 5B). The genotype and 
allele frequencies for TLR6 rs5743810 were similar in 
both populations regardless of age at diagnosis 
(Tables 5A and 5B). 

Correlation between TLR6 gene 
polymorphisms variation and tumor location 

CRC malignancy was detected in either the colon 
or the rectum. Table 6 shows the genotype and allele 
prevalence between colon and rectum cancers for the 
two SNPs of the TLR6 gene (Tables 6A and 6B). The 
genotype and allele frequencies of the TLR6 gene 
polymorphisms were similar for the CRC cases and 
healthy controls regardless of the cancer location. 

 The distribution of the heterozygous Val/Met 
mutation and double homozygous Met/Met mutation 
was 3% in the population having cancer in the colon 
area and 6% in the controls; this distribution was 0% 
in both sub-populations for the Met/Met genotype 
(Table 6A). The Val/Met and Met/Met genotype 
frequencies for TLR6 rs3796508 were, respectively, 0% 
and 3% in the CRC patients with rectal cancer and 6% 

and 0% in normal control patients with rectal cancer 
(Table 6B). The frequency for the mutant “Met” allele 
was similar in both sub-populations having either 
colon or rectal cancer when compared to healthy 
controls (p>0.05) (Tables 6A and 6B). The TLR6 
rs5743810 SNP did not show any correlation with 
CRC susceptibility or cancer location for either the 
genotype or phenotype variations (Tables 6A and 6B). 

Protein modeling and molecular dynamics 
(MD) simulations for the altered amino acids  

We also examined whether amino acid changes 
might affect the protein function and stability by 
performing a prediction study for both the S249P and 
V327M mutations using SIFT and PolyPhen. Similar 
studies performed previously by our group [47] 
demonstrated that function prediction resulted in 
greater correlation of the gene expression results. In 
addition, the absorbed and compensated movements 
of the structural elements in the solvated TLR6 
protein have not been studied in detail elsewhere. The 
current study is the first to report a solvated model for 
the mutated TLR6 protein and indicated a high 
association between the predicted structural and 
functional effects of TLR6. 

 

Table 6: Genotype frequencies of TLR6gene polymorphism in CRC cases and controls based on tumor location 

SNP ID Genotype CRC n (%) Controls n (%) OR (95% CI) χ2 –Value p*- Value 
(A) Colon area vs control 
rs3796508 Total 67 100     

Val/Val 65 (0.97) 94 (0.94) Ref    
Val/Met 2 (0.03) 6 (0.06) 0.482 0.094-2.463 0.80 0.37122 
Met/Met 0 (0.00) 0 (0.00) 1.443 0.028-73.63 -- 1.00000 
Val/Met +Met/Met 2 (0.03) 6 (0.06) 0.482 0.094-2.463 0.80 0.37122 
Val 132(0.99) 194 (0.97) Ref    
Met 2 (0.01) 6 (0.03) 0.490 0.097-2.464 0.78 0.48592 

rs5743810 Total 67 101     
Ser/Ser 1 (0.01) 3 (0.03) Ref    
Ser/Pro 18 (0.27) 19 (0.19) 2.842 0.27-29.897 0.81 0.36757 
Pro/Pro 48 (0.72) 79 (0.78) 1.823 0.184-18.02 0.27 0.60256 
Ser/Pro+Pro/Pro 66 (0.99) 98 (0.97) 2.020 0.206-19.84 0.38 0.53843 
Ser 20 (0.15) 25 (0.12) Ref    
Pro 114 (0.85) 177 (0.88) 0.805 0.427-1.517 0.45 0.50171 

(B) Rectum area vs control 
rs3796508 Total 34 100     

Val/Val 33 (0.97) 94 (0.94) Ref    
Val/Met 0 (0.00) 6 (0.06) 0.217 0.012-3.957 2.07 0.14987 
Met/Met 1 (0.03) 0 (0.00) 8.463 0.34-212.82 2.79 0.09506 
Val/Met +Met/Met 1 (0.03) 6 (0.06) 0.09506 0.055-4.091 0.48 0.48865 
Val 66 (0.97) 194 (0.97) Ref    
Met 2 (0.03) 6 (0.03) 0.980 0.193-4.973 0.00 1.03893 

rs5743810 Total 35 101     
Ser/Ser 1 (0.03) 3 (0.03) Ref    
Ser/Pro 8 (0.23) 19 (0.19) 1.263 0.114-14.05 0.04 0.84902 
Pro/Pro 26 (0.74) 79 (0.78) 0.987 0.098-9.909 0.00 0.99136 
Ser/Pro+Pro/Pro 34(0.97) 98 (0.97) 1.041 0.105-10.35 0.00 0.97276 
Ser 10 (0.14) 25 (0.12) Ref    
Pro 60 (0.86) 177 (0.88) 0.847 0.385-1.867 0.17 0.68095 

* = p value < 0.05 is significant 
OR= Odds Ratio, CI= confidence interval, χ2= chi-square value 
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The SIFT and PolyPhen results indicated that 
both the S249P and V327M mutations were damaging, 
so they were further examined in silico for 3D 
structural functions. We used the X-Ray diffraction 
structure of Toll-like receptor 6 (3A79), available at 
the PDB database, as the reference model. A close 
comparison of the native protein (3A79) with the 
predicted mutant structure of all the amino acid 
variations and their solvent accessibility, including 
secondary structures, were modeled using the MD 
simulation. Prediction using I-TASSER returned the 
five best models according to C-score, which was 
below 0.3 after TM-alignment, and these were selected 
for homology modeling (threading template 
alignments). Once generated, the mutant protein 
stability was checked using the commercially 
available BioLuminate (Shrodinger) software. Residue 
scanning for predicting protein stability was 
performed using the mutant secondary structure. The 
generated 3D models were checked for quality using 
ProSA-web. The Z-score, which measures the total 
energy deviation of the wild type and the mutant 
protein, was calculated and was in an acceptable 

range (-7.54). The normal motion was simulated by 
performing energy minimization and molecular 
dynamics using CHARMM (Chemistry at HARvard 
Macromolecular Mechanics) [48,49]. The MD 
simulations were conducted under conditions of 5-fs 
time, 400 K temperature, 1 atm constant pressure, and 
below periodic solvent boundary conditions using 
GROMACS 4.0.5 [50].The KoBaMIN program [51,52] 
was used to refine the predicted TLR6 structure. The 
Particle Mesh Ewald methodology [53] was utilized 
for electrostatic interaction using a 12 Å cut-off for 
vdW interactions. KCl (51 M) ions were added to the 
simulation box to neutralize the overall negative 
charge of the structures. The native and mutated 3D 
structures were analyzed by CCP4 (QtMG). 
NOMAD-Ref was used for energy minimization [54]. 
The whole protein structure including water 
molecules was generated by immersing it in 
solvent-based simulation parameters and energy 
minimization to analyze potential energies, structural 
fluctuations, coordinate stability, and geometrical 
features (Figure 2). 

 
 

 
Figure 2: Structure of human toll-like receptor 6 (TLR6) with mutations highlighted (S249P and V327M). A) Ribbon diagram of human TLR6 protein showing all 
the secondary structures. B) Location of mutations (S249P and V327M) identified in the TLR6 protein of colon cancer patients, Structure of TLR6 superimposed with wild and 
mutant residues with mutation S249P and V327M enlarged. C). Stability change of the mutant calculated by ProSA server. D) Molecular dynamics (MD) simulation showing 
truncated octahedron boundary explicit water solvated and hydrogen atoms. The visual inspection also allow to identify the side chain of histidine residues (HSD1 – HSD2) 
involved in hydrogen bonding with the surrounding molecules 
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Table 7: SIFT and PolyPhen scores for the studies SNPs 

       SIFT PolyPhen 
SNP  Allele Transcript protein AA_pos Wild_AA mutant_AA Score Prediction Confidence Score Prediction 
rs3796508 C|T ENST00000381950 ENSP00000371376 327 V M 0.02 DAMAGING HIGH 0.028 BENIGN 
rs5743810 A|G ENST00000381950 ENSP00000371376 249 S P 0.38 TOLERATED HIGH 0 BENIGN 

 

Discussion 
CRC is one of the most frequently diagnosed 

malignancies around the world [55] and lifestyle is 
identified as one of the most important risk factors for 
CRC. The first line of human defense against 
pathogens such as fungi, viruses, and bacteria is 
generally an innate immune system, which is 
responsible for initiation of immune responses to 
repair damaged tissues and eliminate infections 
caused by microorganisms [13,56]. Detecting and 
eliminating microorganisms is a key function of our 
immune system, which can discriminate between 
normal native molecules and abnormal foreign 
molecules undesirable to our bodies. In humans, the 
immune system consists of two main classes: innate 
immunity and adaptive immunity [6]. Innate 
immunity is mainly activated and regulated by TLRs 
present in the majority of immune cells, such as 
neutrophils, dendritic cells, and macrophages [57]. 
Current evidence now supports a correlation between 
malignancy and loss of immune function, resulting in 
a direct association with several types of malignancies 
[7-9,44,58]. Therefore, the TLRs appear to could play 
an essential role in innate immunity [17] and could 
therefore be associated with the risk of malignancy.  

 TLRs, which are transmembrane proteins 
characterized by an extracellular leucine-rich domain 
and a cytoplasmic tail, are known as innate immunity 
receptors that are essential for detecting invading 
pathogens and are associated with altered 
susceptibility to many diseases, including cancers 
[9,58-61]. Multiple SNPs have been found in TLRs that 
have the potential to induce functional changes with 
respect to cancer or infectious disease [62]. In Saudi 
patients CRC is typically diagnosed at an advance 
stage, so a new method is needed to diagnose CRC at 
early stage. Therefore, SNPs represent a major 
common genetic variation that could be used as 
biomarkers to detect the risk of development of CRC 
[25]. Furthermore, SNPs are associated with 
susceptibility to inflammatory diseases and other 
certain infections in different human populations [26].  

 The human TLR6 gene is generally expressed by 
epithelial cells, which are considered the first cell 
types that are exposed to foreign agents and can join 
with TLR2 to make heterodimers that can lead to 
activation of NFκB and MAPK intracellular signaling 
pathways [63]. The hypothesis of the current study 
was that CRC may be initiated either by changing a 

nucleotide within the TLR6 gene or by an effect on 
TLR6 gene expression. Few studies have focused on 
the possible association of CRC development risk and 
TLR6 SNPs. For this reason, the focus of the present 
study was to validate both the TLR6 expression and 
TLR6 genetic polymorphisms (such as rs3796508 and 
rs5743810) in the Saudi population. Our results 
indicated that the TLR6 protein is found at higher 
levels in normal colon epithelial cells than in colon 
cancer tissues, suggesting a role for this protein in the 
development of normal colon tissues. The TLR6 
mRNA expression was also significantly increased in 
normal colon tissues compared to matching colon 
malignancy tissues, in agreement with previous work 
that showed decreased levels of TLR6 expression in 
different malignancies, including hepatocellular 
carcinoma [64], esophageal carcinoma [65], and 
lymphoma [66]. Other studies have shown significant 
increases in expression of this gene in human renal 
carcinoma cell lines [67] and in head and neck 
squamous cell carcinoma [68] when compared to 
healthy cells. The present study findings suggest that 
TLR6 may have an anticancer function in terms of the 
risk of colon cancer development, since TLR6 
expression was significantly reduced in cancer tissues 
compared to normal tissues. This difference may 
reflect an epigenetic mechanism within TLR6 in colon 
cancer tissue.  

 Many genetic and epigenetic mechanisms can be 
involved in the decrease in TLR6 expression and lead 
to alteration of TLR6 gene expression. These 
modifications include cytosine-phosphate-guanine 
(CpG) hypermethylation, alterations of non-coding 
RNAs, acetylation of the lysine in the histones [69,70], 
and microRNAs [71]. Another mechanism that could 
play a role in gene expression reduction is somatic 
mutation [70]. These mutations or single nucleotide 
changes, particularly in the TLR6 exons, can 
contribute to colon cancer formation. In the current 
study, we also examined a possible relationship of 
two common TLR6 polymorphisms with CRC in the 
KSA population. Our global statistical analysis of two 
TLR6 SNPs showed no clear evidence for an 
association between either TLR6 rs3796508 or 
rs5743810 polymorphisms and susceptibility to CRC 
development in the Saudi Arabian population, 
indicating that these SNPs are located in an exon 
region of the TLR6 gene that may have an impact on 
TLR6 expression and function. Similar findings have 
been reported previously regarding the influence of 
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genotype of diverse TLRs and the close linkage 
between deregulation of TLR gene expression and 
inflammatory cytokine secretion. Veltkamp et al. 
(2007) showed that, upon TLR2 stimulation, the 
mutant homozygous genotype of the TLR2 rs4696480 
SNP was correlated with a higher pro-inflammatory 
cytokine secretion, as well as TNF- alpha, IL-6 and 
IL-12 secretion, when compared to the double 
mutant heterozygote or wild genotype, indicating an 
increased risk of development of chronic diseases 
[72]. Similarly, Liu et al. (2011) reported that the AA 
genotype of the TLR2 promoter variant rs4696480 
SNP was associated with a higher FOXP3 expression 
in regulatory T cells of maternal atopy [73]. 

 Evidence from the latest studies shows that 
polymorphisms within TLR6 gene are correlated with 
mild malaria [74], pancreatic cancer [41], and 
long-term smokers [75]. In addition, TLR6 SNP 
rs5743810 is linked with endometritis in the American 
population [76]. Yang H et al. (2014) also showed that 
polymorphism of TLR6 rs3796508 increased the 
Klebsiella pneumoniae infection risk [77] and 
polymorphism of TLR6 rs5743810 was correlated with 
an increased risk of asthma increase [78]. However, 
our previous work on the same study population 
showed that SNP rs3796508 was not associated with 
cigarette smokers, but a correlation was evident 
between Saudi cigarette smokers compared to 
non-smokers for the rs5743810 SNP of TLR6 [75]. By 
contrast, our study demonstrated a significant 
association between genetic variations of TLR6 
polymorphism and male CRC cases and CRC cases 
over 57 years of age at the time of diagnosis. We 
found that the Val/Met genotype of SNP rs3796508 
had a significantly higher frequency in the control 
group than in the CRC cases. Therefore, this result 
suggests that this genotype is a protective against 
CRC in this sub-group of this ethnic population. This 
can be explained by the considerable loss of sex 
hormone that protects against the development of 
colon cancer at this age, especially for women in 
menopause, where a drop occurs in sex hormones like 
estrogen. The presence of harmful habits of life 
hygiene, as well as the problem of consanguinity 
among the Saudi population, was predominant 
factors that explain these genetic variations and their 
implications in increasing the CRC risk in the Saudi 
Arabian population. In this population, the rate of 
CRC has continued to climb considerably during the 
past 10 years and far exceeds the international 
average to now represent the first ranked cancer in 
males in the KSA. 

 The TLR6 Valine 327 and Serine 249 
substitutions altered protein stability due to the size 

differences between wild-type and mutant residues, 
which caused the new residue to be in an incorrect 
position to make the required hydrogen bond (Figure 
2; B) as the resulting difference in hydrophobicity 
affects hydrogen bond formation. The wild-type 
residue is predicted to be located in an α-helix (Figure 
2; C). 

Proline disrupts the α-helix when it is not located 
at one of the first 3 positions of that helix. In case of 
the mutation at hand, the helix will be disturbed and 
this can have severe effects on the structure of the 
protein as the wild-type residue is not conserved at 
this position. The observed mutant residue was not 
among the residue types observed at this position in 
other proteins and is located near a highly conserved 
position. Homologous sequences might indicate that 
the mutation is possibly damaging to the protein. The 
mutated residue is located in a domain that is 
important for the activity of the protein and in contact 
with another domain that is known to be involved in 
binding (Figure 2; D). The interaction between these 
domains could be disturbed by the mutation, which 
might affect signal transduction between the domains. 
One possibility is that this interaction is important for 
the correct function of the protein. The mutation can 
affect this interaction, thereby affecting protein 
function. 

In summary: Due to the large number of studies 
being carried out on the role ofTLR6 on the 
development of diverse molecular therapies for 
different types of cancers, further research on the role 
of TLR6 with more samples and with other ethnic 
populations with potentially malignant disorders 
should be considered. Our study revealed the possible 
relationship between the TLR6- rs3796508 
polymorphism and the development of malignant 
CRC. Our data suggest that TLR6 rs3796508 has a 
crucial role as a protective factor against CRC in the 
older male Saudi population. 
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