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Helicobacter pylori regulates TLR4 and TLR9 during  
gastric carcinogenesis
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Abstract: Objective: To investigated the influence of H. pylori on TLR4 and TLR9 in gastric mucosa during gastric 
carcinogenesis. Methods: Gastric biopsy specimens were taken from 148 patients and divided into five groups, 
including normal group (n = 10), chronic superficial gastritis group (n = 35), atrophy/intestinal metaplasia group (n 
= 35), dysplasia group (n = 34) and gastric carcinoma group (n = 34). Immunohistochemistry was used to detect 
the expression of TLR4 and TLR9. Geimsa staining and rapid urea test were used for determine H. pylori infection. 
Results: TLR4 was detected in gastric epithelium and monocytes/macrophages in superficial gastritis, atrophy/
intestinal metaplasia, dysplasia or carcinoma. TLR9 was mainly accentuated in monocytes/macrophages. TLR4 
positive cells in epithelium and in monocytes/macrophages with H. pylori infection were much more than those 
without H. pylori infection. Similar results were also found in TLR9. When gastric epithelium was accompanied with 
H. pylori infection, TLR4 was significant higher in superficial gastritis and atrophy/intestinal metaplasia groups com-
pared with dysplasia and carcinoma groups. When gastric epithelium was infected by H. pylori, TLR9 was significant 
higher in carcinoma group compared with superficial gastritis, atrophy/intestinal metaplasia and dysplasia. TLR4 
and TLR9 show significant correlation with the severity of inflammation. Conclusions: H. pylori infection was associ-
ated with increased expression of TLR4 and TLR9 in gastric mucosa. In superficial gastritis and atrophy/intestinal 
metaplasia the inflammation was predominately mediated by TLR4, while in gastric cancer the inflammation was 
mainly mediated by TLR9.
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Introduction

Infection of the gastric mucosa by Helicobacter 
pylori (H. pylori) is one of the most common 
human bacterial infections. H. pylori cause 
chronic active gastritis, peptic ulceration, and 
are the most recognized etiologic risk factor for 
gastric carcinoma [1]. The majority of H. pylori 
do not invade the gastric mucosa, while the 
inflammatory response is triggered by the con-
tact of H. pylori with the gastric epithelium and 
subsequent secretion of bacterial products into 
host cells [2]. Toll-like receptors (TLRs) are 
found to play an important role in the first line 
of host defense by recognition of microbial 
components [3].

TLRs are membrane surface receptors consist-
ing of a distinct leucine-rich repeat (LRR) extra-

cellular domain that confers specificity to the 
receptor, and a conserved toll/interleukin 1 
(IL1) receptor (TIR) intracellular domain [4]. 
These receptors recognize conserved molecu-
lar patterns expressed by infectious agents. 
Through this mechanism, TLRs mediate the pro-
duction of proinflammatory cytokines and che-
mokines [5, 6]. To date, 13 related TLR genes 
have been identified and characterized (TLR1-
TLR13) [7]. All TLRs activate a common signal-
ing pathway that culminates into the activation 
of NF-κB and mitogen activated protein kinases 
(MAPKs) [8]. TLR4 and TLR9 are known to be 
expressed by gastric epithelial cells in the 
human stomach [9]. TLR4, the lipopolysaccha-
ride (LPS) receptor, has been proved that its 
conjunction with CD14 and MD-2 is involved in 
the response to H. pylori lipopolysaccharides in 
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the stomach [10, 11]. The complex transducts 
signals through MyD88, Toll/IL-1 receptor 
domain and TRAF6, which promotes transcrip-
tion of genes involved in immune activation 
such as NF-кB and MAPKs [12]. TLR9 recogniz-
es unmethylated CpG oligonucleotides that are 
abundant in bacterial DNA, which triggers alter-
ations in cellular redox balance and the activa-
tion of MAPKs and NF-Кb [13, 14].

Despite the importance of TLR in the inflamma-
tory activation in response to H. pylori infection, 
its role in the progression of the lesions associ-
ated with gastric carcinogenesis remains large-
ly unknown [15]. In this study, TLR4 and TLR9 
expression was evaluated in normal mucus, 
chronic superficial gastritis, atrophy/intestinal 
metaplasia, dysplasia and the gastric carcino-
ma in an attempt to better understand the 
potential role of these receptors in the process 
of gastric carcinogenesis.

Material and methods

Participants and histological samples

Data for this study was acquired from Renji 
hospital, School of Medicine, Shanghai Jiao 
Tong University. This study consisted of 148 
patients (Male: 79, Female: 69, Age: 18-80) 
who underwent endoscopy in Renji Hospital 
between May 1st, 2010 and September 30th, 
2010. Samples were obtained by endoscopic 
biopsy. According to the New Sydney System, 
the gastric biopsy specimens were divided into 
5 groups, including normal group (n = 10), 
chronic superficial gastritis group (n = 35), atro-
phy/intestinal metaplasia group (n = 35), the 
dysplasia group (n = 34) and the gastric carci-
noma group (n = 34), based on endoscopic and 
histological results. H. pylori infection was 
detected by rapid urease test and Geimsa 
staining. A total of 80 samples were H. pylori 
positive. 28 were superficial gastritis, 26 were 
atrophy/intestinal metaplasia, 16 were dyspla-
sia and 10 were gastric carcinoma.

Immunohistochemistry

For immunohistological analyses, tissue speci-
mens were fixed in 10% formalin buffered at pH 
7.0 for 24 hours and paraffin embedded. After 
the deparaffinization and gradient hydration, 
the tissue slides were submitted to antigen 
retrieval. The slides were incubated with poly-
clonal anti-TLR4 antibody (1:500 dilution, Usbio- 

logical, Massachusetts, USA) and polyclonal 
anti-TLR9 antibody (1:1000 dilution, Usbiolo- 
gical, Massachusetts, USA) at 4°C overnight. 
As a secondary reagent, the bound antibody 
was detected by applying HRP-conjugated anti-
TLR4 secondary antibody (1:100, Maixin 
Biotech-nology, Fujian Province, China) and 
anti-TLR9 secondary antibody. (1:50, Usbio- 
logical, Massachusetts, USA). Then, the slides 
were washed and incubated in 3, 3-diamino-
benzidine (DAB, Maixin Biotechnology, Fujian, 
China). Following counterstaining with hema-
toxylin, the slides were washed, dehydrated 
and mounted with neutral balsam.

Immunohistochemical evaluation

The slide incubated with PBS instead of prima-
ry antibody was taken as the negative control. 
Excluding the edge, we randomly selected a 
certain part of the sample and divided it into 
epithelial area and interstitial area. Five high 
powered (HP) fields were observed in these two 
areas. The number of positive cells (n) was 
counted in both 100 epithelial cells and inter-
stitial cells. A score (p) of 0 to 3 was considered 
according to a subjective evaluation of the 
intensity of stained cells [no staining - negative 
(p = 0); weak positive staining - light yellow (p = 
1); moderate positive staining-brown yellow (p 
= 2); intense positive staining-brownish black (p 
= 3)]. The mean number (N) of positive cells in 
each sample was calculated by the following 
formula: N = (n1 × p1 + n2 × p2 + n3 × p3 + n4 
× p4 + n5 × p5)/5. All the samples were evalu-
ated and quantified by two independents 
pathologists.

Statistical analysis

Data analysis was performed using the SPSS 
for windows (version 11.0). Categorical vari-
ables were presented as mean ± standard devi-
ation. Independent samples test was used for 
the means of two groups. One-way ANOVA was 
used to compare the means of more than two 
groups. Chi-square test was used for categori-
cal variables. Statistical significance was set at 
P < 0.05.

Results

Distribution of TLR4+ and TLR9+ cells

The expression of TLR4 and TLR9 were not 
detectable in normal gastric epithelium. TLR4 
was detected in gastric epithelium with superfi-
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Figure 1. Expression of TLR4 in epithelium and monocytes/macrophages in 
different lesions.

cial gastritis, atrophy/intestinal metaplasia, 
dysplasia or carcinoma. TLR4 could also be 
found in monocytes/macrophages, which inc- 
reased significantly compared with in gastric 
epithelium (41.01 vs. 21.94, P < 0.01). However, 
TLR9 was rarely detected in gastric epithelium 
of superficial gastritis, atrophy/intestinal meta-
plasia or dysplasia, while it could be found in 
some epithelium of gastric carcinoma. TLR9 
was mainly accentuated in monocytes/macro- 
phages.

TLR4 and TLR9 correlated with H. pylori infec-
tion

In superficial gastritis group, TLR4 positive cells 
in epithelium and in monocytes/macrophages 
with H. pylori infection were much more than 
those without H. pylori infection. In atrophy/
intestinal metaplasia, dysplasia and carcinoma 
groups, similar results were also found (Figure 
1). Thus, these results might indicate that TLR4 
plays some role in mediating multiple types or 
stages of H. pylori-associated gastric lesions.

TLR9 positive cells in monocytes/macrophages 
with H. pylori infection were much more than 
those without H. pylori infection in superficial 
gastritis (27.39 vs. 12.71, P < 0.01), atrophy/
intestinal metaplasia (22.26 vs. 9.13, P < 0.01), 
dysplasia (15.89 vs. 8.56, P < 0.01), and carci-
noma groups (35.81 vs. 12.36, P < 0.01). There 
results also suggested that TLR9 might be 

involved in H. pylori-associat-
ed gastric lesions.

The changed expression of 
TLR4 in the progression of 
gastric carcinogenesis

When gastric epithelium was 
accompanied with H. pylori 
infection, TLR4 was signifi-
cant higher in superficial 
gastritis and atrophy/intesti-
nal metaplasia groups com-
pared with dysplasia and 
carcinoma groups (Figure 2). 
On the contrary, there was 
no significant difference of 
TLR4 expression among su- 
perficial gastritis, atrophy/
intestinal metaplasia, dys-
plasia or carcinoma group 

without H. pylori infection (15.34 vs. 11.43 vs. 
11.09 vs. 11.78, P < 0.05).

When gastric epithelium was infected by H. 
pylori, TLR9 was significant higher in carcinoma 
group compared with superficial gastritis 
(35.81 vs. 27.39, P = 0.48), atrophy/intestinal 
metaplasia (35.81 vs. 22.26, P = 0.03) and 
dysplasia (35.81 vs. 15.89, P < 0.01). When 
gastric epithelium was not infected by H. pylori, 
there was no group whose expression of TLR9 
was significant higher than one of the other 
three groups (15.34 vs. 9.1 vs. 8.56 vs. 12.36, 
P > 0.05).

TLR4 and TLR9 determine the degree of 
chronic inflammation 

The degree of chronic inflammation was classi-
fied into four levels (Grades 0, 1, 2 and 3) 
according to the New Sydney System. In the 
four groups of our study, the degree of chronic 
inflammation with TLR4 and TLR9 positive sam-
ples was significantly higher compared with 
TLR4 and TLR9 negative samples. It is indicat-
ed that the expression of TLR4 (r = 0.77, P < 
0.01) and TLR9 (r = 0.65, P < 0.01) were signifi-
cantly correlated with the severity of chronic 
inflammation.

Discussion

Members of TLR family were identified in the 
mucosa of the entire gastrointestinal tract. 
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sion and metastasis by angiogenic potential 
and directly via the corresponding chemokine 
receptors CXCR1 and CXCR2 [27].

In conclusion, H. pylori infection was associat-
ed with increased expression of TLR4 and TLR9 
in gastric mucosa. In superficial gastritis and 
atrophy/intestinal metaplasia, the inflamma-
tion was predominately mediated by TLR4. 
While in gastric cancer, the inflammation was 
mainly mediated by TLR9. The expression of 
TLR4 and TLR9 were significantly correlated 
with the severity of chronic inflammation. These 
finding may be helpful for elucidation the mech-
anisms of inflammation and carcinogenesis 
caused by H. pylori.
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Figure 2. Expression of TLR4 in different gastric lesions with HP infection.

They widely diffused in the mature and imma-
ture epithelial cells of the stomach, small intes-
tine and colon [10, 16-19]. TLR family was also 
detected in monocytes/macrophages and den-
dritic cells of the gastrointestinal mucosa [20-
22]. H. pylori does not invade the gastric muco-
sa, which causes inflammation through intera- 
ction with gastric epithelia and secretion of pro-
inflammatory cytokines or chemokines [2]. 
TLRs may play a role in gastrointestinal epithe-
lial innate immune response.

In our present study, TLR4 could be detected in 
gastric epithelia and monocytes/macrophages 
of superficial gastritis, atrophy/intestinal meta-
plasia, dysplasia or carcinoma. Patients with H. 
pylori infection showed higher TLR4 level. Thus, 
it suggested that in H. pylori-induced gastritis, 
the increased level of TLR4 may play some 
roles in mediating the process of inflammation. 
Furthermore, TLR4 increased in superficial gas-
tritis and atrophy/intestinal metaplasia com-
pared with dysplasia and carcinoma. TLR4 may 
mainly participate in the inflammatory path-
ways in superficial gastritis and atrophy/intesti-
nal metaplasia. The interaction of TLR4 with H. 
pylori has been demonstrated to confer LPS 
responsiveness, which leaded to activation of 
NF-κB and secretion of proinflammatory cyto-
kines, such as IL-8 and TNF [10, 23].

In this study, we also found that TLR9 increased 
in patients with gastric carcinoma. Besides, 
TLR9 may increase along with the infection of 
H. pylori. These findings indicated that TLR9 

was involved in H. pylori-asso-
ciated gastric carcinoma. So- 
me researches have shown 
that H. pylori could activate 
NF-κB through TLR2/TLR9 pa-
thway, which resulted in the 
expression of COX-2 gene [24]. 
COX-2 might be involved in the 
early events of gastric carci-
noma occurrence. COX-2 over-
expression enhances lymphat-
ic invasion and metastasis in 
patients with gastric carcino-
ma [25]. In addition, the acti-
vation of NF-κB induced by 
TLR9 promotes the secretion 
of proinflammatory cytokines, 
such as IL-8 and TNF [26]. IL-8 
promotes tumor growth, inva-
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