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Abstract
Introduction: Gastrointestinal cancers constitute more than one-third of the most common 
cancers and half of the fatal cancers worldwide. Toll-like receptors (TLRs) are identified as 
pivotal receptors in innate immunity responses. TLR4 is the main receptor that plays a role in 
lipopolysaccharide (LPS) sensing of gram-positive bacteria. D299G (rs4986790) and T399I 
(rs4986791) polymorphisms in TLR4 lead to a decrease in immune response against LPS. The 
current study aimed at investigating the relationship between D299G and T399I polymorphisms 
and susceptibility to gastritis and gastric precancerous lesions in patients referred to Imam Reza 
Hospital, Tehran, Iran.
Methods: The current case-control study was conducted on 201 individuals consisting of 90 
patients with gastric cancer (GC) and 111 healthy controls. Genomic DNA was extracted from 
peripheral blood and the polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) method was used to determine the mentioned polymorphisms.
Results: Allelic frequencies and genetic distribution of polymorphisms were analyzed in the 
patient and control groups. Although 399C and 299A allele frequencies were higher in the 
patients` group, the difference was not statistically significant (P > 0.05).
Conclusions: No significant association was observed between TLR4 polymorphisms on 
positions 299 and 399, and susceptibility to GC. Also no significant correlation was observed 
between these two polymorphisms and precancerous lesions. The current study results showed 
that the studied polymorphisms cannot be used as a prognostic marker of GC in Iranian population.
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Gastrointestinal cancers constitute more than one-
third of the most common cancers and half of the 
fatal cancers worldwide [1]. According to the 
global statistics in contrast to a significant decline 
in gastric cancer (GC) in European countries, there 
is an increasing trend in most of the developing 
countries, such as South Korea, Iran, and Portugal 
[2-6]. Many factors, such as diet, smoking, family 

history, presence of precancerous lesions and polyps, 
and most importantly chronic Helicobacter pylori 
(H. pylori) infection can contribute to developing 
GC [7]. Genetic studies show that there is a wide 
range of human genes whose function is directly or 
indirectly involved in the incidence and severity of 
GC manifestations [5]. Toll-like receptors (TLRs)  
are a group of trans-membrane proteins involved 
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in immune responses against different conditions, 
including H. pylori infection [8]. Among the TLR 
family members, TLR4 was the first receptor 
identified and characterized in humans [9]. Previous 
studies indicated that TLR4 increases in gastric 
epithelial cells infected with H. pylori, and its 
expression is observed in active chronic gastritis, 
premalignant lesions, and GC [10, 11]. Activation of 
the immune system and inflammation are regulated 
by single-nucleotide polymorphisms (SNPs) and 
there is considerable evidence of their important 
role in cancer progression [6, 10]. TLR4 is one of 
the most active members of TLRs family involved 
in the immune system activation process [12]. Some 
genetic polymorphisms in the TLR4 gene have a 
significant impact on the predisposition of infectious 
diseases, allergies, cardiovascular diseases, and 
cancers [13]. For example, the lipopolysaccharides 
(LPSs) of H. pylori and other Gram-negative 
bacteria are the TLR4-target molecules, and thus, 
it is thought that TLR4 polymorphism play a role 
in H. pylori related diseases [14]. Two SNPs are 
reported on chromosome 9, which are associated 
with gastrointestinal cancers. One of these SNPs 
is an aspartic acid for a glycine at position 299 
(Asp299Gly) and the other is threonine for an 
isoleucine at position 399 (Thr399Ile) [15-17]. 
Several studies declare a correlation between these 
two SNPs and gastric inflammation [17, 18]. These 
two polymorphisms (Asp299Gly & Thr399Ile) cause 
changes in the receptor structure at the extracellular 
surface, which stops responding to LPSs under 
laboratory and normal conditions [19, 20].
The current study aimed at investigating the effect 
of TLR4 gene polymorphisms (Asp299Gly & 
Thr399Ile) on susceptibility to gastritis and gastric 
precancerous lesions in patients referred to Imam 
Reza Hospital.

METHODS

Study Subjects
The current case-control study was conducted 
on 201 individuals consisting of 90 patients with 
gastritis and GC referred to the Gastrointestinal 
and Liver Disease Section, Department of Internal 
Medicine, Imam Reza Hospital (Tehran, Iran) and 
111 healthy controls from 2014 to 2015. Genomic 
DNA was extracted from peripheral blood and the 
polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) method was 

employed to determine Asp299Gly and Thr399Ile 
polymorphisms. Written informed consent was 
obtained from participants prior to enrolling in the 
study; the study was approved by the AJA Medical 
University Ethics Committee. The inclusion 
criterion for patients’ was the confirmed diagnosis 
of gastritis by endoscopy and pathologic findings. 

DNA Extraction
A 4-mL peripheral blood was poured into 
ethylenediaminetetraacetic acid (EDTA) tubes 
and genomic DNA was extracted using salting-
out method [21]. Purity of the extracted DNAs 
was assessed using a UV spectrophotometer. The 
ratio of absorbance at 260 and 280 nm was used to 
assess protein contamination. Spectrophotometric 
measurements constitute criteria for DNA quality 
assessment with higher values associated with better 
DNA purity. Then, the samples were pipetted into 
1.5-mL microtubes and stored at -70°C.

Genotyping
The TLR4 promoter specific primers were designed 
using Primer3, Gen Runner, and NCBI Primer Blast 
software. Designed primers were purchased from 
Sigma-Aldrich (Germany) (Table1). 
PCR was amplified using the extracted DNA and 
specific primers. The materials used in the PCR mixture 
were as follows: 2.5 μL of buffer 10X containing 
MgCl2, 0.5 μL of 0.2 mM dNTP both reverse and 
forward (GenFanavaran- Iran), 5 pM of each primer 
(Bioneer- Korea), 1.25 μL (5% of the total reaction 
volume) of dimethyl sulfoxide (Sigma-Germany), 
and 2.5 U of Taq polymerase enzyme (SuperTaq- 
GenFanavaran- Iran). The prepared mixture was 
then placed in a thermal cycler machine (Eppendorf-
Germany). The prepared samples were placed into the 
thermal cycler to run for one minute at 95°C as initial 
activation step followed by 30 cycles at 95°C for 30 
seconds, 60°C for one minute, and 72°C for one minute. 
In the next step, the PCR products were digested with 
restriction enzymes (Thermo Scientific-USA) by PCR-
RFLP method (Table 1). The mixture was incubated at 
37°C for 16-18 hours for enzymatic digestion. Then, 
the PCR-RFLP products were electrophoresed on 3% 
agarose gel.

Statistical Analysis
Data were analyzed with SPSS version 20. The allelic 
distribution was evaluated using the Hardy-Weinberg 
equilibrium in the patient and control groups, by the 
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Figure 2: Results of HinfI Digestion Performing on 3% Aga-
rose Gel Electrophoresis
#1= CC genotype, #2= CT genotype, #3= TT genotype

500
400
300

rs4986791(399)

Rflp(HintI)

2     1     1   3     2    2    2    2    2    1    2     2    1    2     1    1    1    3    1    L

DISCUSSION
GC is one of the most common causes of death 
worldwide and more than 700,000 people die from 
GC annually [23]. According to GLOBOCAN 2012, 

Table 3: Demographic and Clinical Data of the Study Participants
Patient

(No. = 90)
Control

(No.  = 111) P Value

Age, y 49.30 ± 15.50 45.46 ± 16.04 0.000
BMI, kg/m2, mean ± 
SD 26.68 ± 4.79 26.02 ± 4.31 0.438

Gender, No. (%) 0.113
Female 44 (48.89) 48 (43.24)
Male 46 (51.11) 63 (56.76)

Smoking, No. (%) 0.100
Smoker 7 (7.78) 13 (11.71)
Non-smoker 78 (86.67) 96 (86.49)
Former smoker 5 (5.55) 2 (1.80)

Alcohol Consumption, 
No. (%) 0.567

Yes 5 (5.55) 4 (3.60)
No 85 (94.45) 107 (96.40)

Cancer Family History, 
No. (%) 0.032

Yes 26 (28.89) 21 (18.92)
No 64 (71.11) 90 (81.08)

Education Level,
No. (%) 0.043

No diploma 22 (24.44) 23 (20.72)
Diploma 34 (37.78) 40 (36.04)
Bachelor 29 (32.22) 39 (35.13)
Advanced 5 (5.56) 9 (8.11)

H. pylori, No. (%) 0.000
Positive 80 (88.89) 23 (20.72)
Negative 10 (11.11) 88 (79.28)

Endoscopic Findings, 
No. (%) 0.000

Normal 10 (11.11) 73 (65.77)
Acute gastritis 76 (84.45) 37 (33.33)
Atrophic gastritis 1 (1.11) 1 (0.9)
Peptic ulcers 3 (3.33) 0 (0)

standard method as described by Rodriguez et al., 
[22]. Comparison of genotypic and allelic frequencies 
was performed using Chi-square test. P < 0.05 was 
considered statistically significant. The Student t test 
was used to compare quantitative variables including 
age and body mass index (BMI) between the study 
groups. The sensitivity and specificity of the TLR4 
gene polymorphism, as a biomarker for GC, was 
investigated using ROC curve.

RESULTS
All samples used in the study were from Iranian 
people and other nationalities, including Afghans, 
were excluded from the study. Of the 201 samples 
enrolled in the study, 111 were allocated to the control 
group and 90 to the patient group. The genotype 
distribution was at Hardy-Weinberg equilibrium 
in both the patient and control groups as shown in 
Table 2. The demographic and clinical variables 
such as age, gender, BMI, education level, smoking 
and alcohol consumption, family history of cancer, 
endoscopic findings, and H. pylori infection were 
assessed in both the study groups and correlation of 
the variables was also studied between the patient 
and control groups (Table 3).
In the current study, rapid urease test (RUT) was employed 
to investigate H. pylori infection as an effective factor in 
GC development; 23 subjects from the control group 
(20.7%) and 80 from patient group (88.9%) were infected 
with H. pylori. There was a significant difference between 
the two groups that may indicate the important role of H. 
pylori in the etiology of gastric cancer.
Figures 1 and 2 show the result of electrophoresis 
after restriction enzyme digestion. After measuring the 
frequency of the mentioned SNP alleles, the following 
results were obtained: distribution of the genotypes for 
SNP-299 was 70.1% for AA, 27.4% for AG, and 2.5% 
for GG in the samples. The distributions of the genotypes 
for SNP-399 were 63.7% for CC, 34.3% for CT, and 2% 
for TT. There was no significant association between 
SNP genotypes and pathological features (Table 4).

Figure 1: Results of NcoI Digestion Performing on 3% Agarose 
Gel Electrophoresis
L100 = A100-bp DNA ladder, #1= AA genotype, #2= AG 
 genotype, #3=GG genotype

300
200
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rs4986791(299)

Rflp(NcoI)
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GC is the most common cancer among Iranian 
males and the second most common cancer among 
Iranian females [24]. In a previous meta-analysis, a 
significant correlation was reported between TLR4 
polymorphisms (Asp299Gly and Thr399Ile) and the 
risk of GC [25]. Although the frequency of some 
alleles of TLR4 gene polymorphisms was different 
in the patients compared with the controls, no 
significant association was observed between gastric 
precancerous lesions and the expression of TLR4 gene 
polymorphisms. TLR4 and NOD2/CARD15 genetic 
polymorphisms could be used to identify patients at 
greater risk for developing GC. It seems that TLR4 
and NOD2/CARD15 genetic polymorphisms appear 
to play a role in gastric carcinogenesis [26]. No 
significant association was reported between TLR2 
or TLR4 polymorphisms and the risk of gastric ulcer, 
duodenal ulcer, or atrophic gastritis [27]. In patients 
with H. pylori infection, TLR4 expression increased 
before treatment. However, after treatment with 
antibiotics and eradication of H. pylori, there was 
a significant reduction in TLR4 gene expression 
[28]. H. pylori contribute to the development and 
progression of GC by various mechanisms. One of 
these mechanisms is the pathways associated with 
angiogenesis. In a previous study, it was observed 
that H. pylori infection promoted angiogenesis 
via VEGF (vascular endothelial growth factor) 
upregulation [29]. In another study, Leng et al., 
observed that H. Pylori infection had a role in 
early steps of GC development by increasing 
mitochondrial microsatellite instability (mtMSI) 
[30]. The current study results also confirmed this 
finding and suggested a potential role for H. pylori 
in gastric carcinogenesis.
A previous study showed that TLR4 Thr399Ile 
polymorphisms were linked with increasing 
susceptibility to GC [17]. In a study performed on 
a Mexican population, it was observed that TLR4 
Thr399Ile was associated with duodenal ulcer and 
GC [31], while in another study Garza-Gonzalez 
et al., observed no significant association with the 
risk of GC [32]. The current study evaluated the 
association between the abovementioned TLR4 
polymorphisms in the case group and individual’s 
clinical data. According to the results, no significant 
association was observed between Asp299Gly and 
Thr399Ile polymorphisms and endoscopic findings 
including gastric precancerous lesions and gastritis. 
These seemingly contradictory observations 

may be due to studies conducted in different 
populations since the frequency of single nucleotide 
polymorphisms varies in different populations. It 
seems that the correlation of the THR399ILE on 
the development of cancer is more than that of the 
ASP299GLY [33]. The current study examined the 
role of two polymorphisms of TLR4 gene in patients 
referred to Imam Reza Hospital. Although the 
frequency of the CC and CT alleles of THR399ILI, 
and that of AA and AG alleles of ASP299GLY were 
higher in the patient group, there were no significant 
correlations between the two TLR4 polymorphisms 
and various gastric precancerous lesions including 
acute gastritis, chronic gastritis metaplasia, and 
dysplasia. To further understand the role of this gene 
in the etiology of GC, further studies with larger 
sizes are recommended.
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