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Abstract
AIM: To investigate the effect of Lactobacil lus 
bulgaricus  (LBG) on the Toll-like receptor 4 (TLR4) 
pathway and interleukin-8 (IL-8) production in 
SGC-7901 cells treated with Helicobacter pylori Sydney 
strain 1 lipopolysaccharide (H pylori SS1-LPS).
METHODS: SGC-7901 cel ls were treated with 
H pylori SS1-LPS in the presence or absence of 
pretreatment for 1 h with viable LBG or supernatant 
recovered from LBG culture MRS broth (LBG-S). Cellular 
lysates were prepared for Western blot with anti-TLR4, 
anti-transforming growth factor β-activated kinase 
1 (TAK1), anti-phospho-TAK1, anti-nuclear factor κB 
(NF-κB), anti-p38 mitogen-activated protein kinase 
(p38MAPK), and anti-phospho-p38MAPK antibodies. 
The amount of IL-8 in cel l culture medium was 
measured by ELISA.
RESULTS: H py lor i SS1-LPS up-regu lated the 
expression of TLR4, stimulated the phosphorylation 
of TAK1, subsequently enhanced the activation of NF-
κB and the phosphorylation of p38MAPK in a time-
dependent manner, leading to augmentation of IL-8 
production in SGC-7901 cells. Viable LBG or LBG-S 
pretreatment attenuated the expression of TLR4, 
inhibited the phosphorylation of TAK1 and p38MAPK, 
prevented the activation of NF-κB, and consequently 
blocked IL-8 production. 

CONCLUSION: H py lor i SS1-LPS induces IL-8 
production through activating TLR4 signaling in 
SGC-7901 cells and viable LBG or LBG-S prevents H 
pylori SS1-LPS-mediated IL-8 production via inhibition 
of the TLR4 pathway.
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INTRODUCTION
Infection with the human gastric pathogen Helicobacter 
pylori (H pylori) can develop into chronic gastritis, peptic 
ulcer and gastric cancer. Some studies[1-5] demonstrated 
that H pylori can stimulate interleukin-8 (IL-8) production 
in gastric mucosal epithelia, which induces accumulation 
of  neutrophilic granulocytes in mucosa. Chemotactic 
response initiates inflammatory damage to gastric 
mucosa, which plays a crucial role in the pathogenesis of  
H pylori. However, signal transduction through which H 
pylori modulates IL-8 production from gastric epithelia is 
not fully understood.

The product of  particular significance for the virulent 
action of  H pylori is its cell wall lipopolysaccharide (LPS). 
The effects of  H pylori lipopolysaccharide (H pylori-LPS) 
have been manifested by the marked increase of  nitric 
oxide and proinflammatory cytokines including IL-8 
in gastric mucosa[6,7], abrogation of  proliferation and 
induction of  apoptosis in gastric epithelia[8]. Mammalian 
Toll-like receptors trigger the signaling pathways involved 
in innate immune responses to microbial challenge after 
recognizing pathogen-associated molecular patterns.  
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H pylori-LPS is the natural ligand for Toll-like receptor 
4 (TLR4) in gastric epithelia. It has been proposed that 
H pylori-LPS induces IL-8 production in gastric epithelia 
through activating the TLR4 signaling pathway[7,9]. 

Probiotics are living microorganisms with no or 
low pathogenicity, which exert beneficial effects on the 
host. Lactobacillus bulgaricus (LBG), a bacterium used in 
the production of  yogurt, is one of  the best-studied 
probiotics. There is increasing evidence[10,11] that LBG 
has therapeutic effects on H pylori-related diseases, 
including enhanced eradication of  H pylori, amelioration 
of  resistance to antibiotics, down-regulated side effects 
of  antibiotic-based therapy, decreased recurrence of  
H pylori infection, and inhibition of  H pylori-induced 
apoptosis. The mechanisms underlying these effects 
include inhibition of  H pylori growth and attachment to 
epithelial cells, inactivation of  virulent factors such as 
urease, and decrease in production of  H pylori-induced 
proinflammatory cytokines[12-16]. However, the signaling 
pathways which are modulated by LBG in gastric 
epithelia have not been well elucidated. 

In this experiment, we demonstrated that viable LBG 
inhibited the activation of  the TLR4 signaling pathway 
and IL-8 production induced by H pyloriSydney strain 1 
lipopolysaccharide (H pyloriSS1-LPS) in SGC-7901 cells. 
Furthermore, supernatant recovered from the LBG 
culture MRS broth (LBG-S) also exerted these effects 
on SGC-7901 cells treated with H pyloriSS1-LPS. These 
observations provide the novel insight into the rationale 
for LBG as a potential treatment for H pylori-related 
diseases.

MATERIALS AND METHODS
H pyloriSS1 culture and H pyloriSS1-LPS preparation
H pyloriSS1 was kindly offered by Professor Qian 
Yu (School of  Public Health, Sichuan University). H 
pyloriSS1 was incubated in Brucella broth (bioMérieux 
Corporate, La Balme-Les Grottes, France) supplemented 
with 10% fetal calf  serum (FCS; Invitrogen GIBCO, 
Carlsbad, California, USA), 10 mg/L vancomycin,  
10 mg/L amphotericin and 2500 U/L polymycin B in a 
shaking incubator (100 r/min) at 37℃ in an atmosphere 
containing 50 mL/L O2, 100 mL/L CO2 and 850 mL/L 
N2 for 48 h. H pyloriSS1 was precipitated from Brucella 
broth by centrifuging at 10 000 r/min for 10 min at 4℃ 
and washed twice with PBS. Then the concentration of  
H pyloriSS1 in PBS was adjusted to 108 colony forming 
units (CFU)/mL with optical density determined as 1 
at A660. The H pyloriSS1-containing PBS was used to 
prepare H pyloriSS1-LPS with the LPS extraction kit 
(bioMérieux) following guidelines from its manufacturer. 
H pyloriSS1-LPS concentrations were determined 
with the kinetic Limulus amebocyte lysate assay kit 
(Cambrex, Walkersville, Maryland, USA) according to 
the manufacturer’s instructions.

LBG culture and LBG-S preparation
LBG, kindly offered by Professor Qian Yu (School of  

Public Health, Sichuan University), was incubated in 
MRS broth (bioMérieux) in a candle jar at 37℃ for 24- 
48 h, precipitated from MRS broth by centrifuging at 
5000 r/min for 10 min and washed twice with PBS. 
Then the concentration of  LBG in PBS was adjusted to 
107 CFU/mL with optical density determined as 0.5 at 
A600. LBG was precipitated from PBS by centrifuging 
at 5000 r/min for 10 min and resuspended with an 
equivalent volume of  RPMI 1640 medium (Invitrogen 
GIBCO) for pretreatment of  SGC-7901 cells.

LBG-S was generated by centrifuging at 1000 × g 
for 15 min and filtering (0.2 μm) LBG culture MRS 
broth, then the filtrate was concentrated using Centricon 
Plus-20 (5-100 kDa; Millipore, Bedford, Massachusetts, 
USA) by centrifugation at 4000 × g for 1 h following 
guidelines from the manufacturer. Protein concentrations 
were determined with the Pierce protein assay kit (Pierce, 
Rockford, Illinois, USA) using MRS broth as the control.

Cell culture
SGC-7901 cell line was established from human gastric 
adenocarcinoma cells. Though the characteristics of  cell 
apoptosis and proliferation are different from the cell 
line derived from normal gastric epithelia, SGC-7901 
cells have been widely used as models for investigations 
on H pylori-induced gastric epithelial inflammatory 
responses because their inflammatory responsibility is 
similar to normal gastric epithelia. Therefore, SGC-7901 
cells were used in our experiment. They were grown 
in RPMI 1640 medium supplemented with 10% FCS, 
100 U/mL penicillin and 100 μg/mL streptomycin 
at 37℃ in an atmosphere containing 50 mL/L CO2. 
After 3-4 times of  passage, SGC-7901 cells were seeded 
to generate 1 × 106 cells per 6 cm culture dish and 
incubated in RPMI 1640 medium containing 10% FCS, 
100 U/mL penicillin and 100 μg/mL streptomycin at 
37℃ in an atmosphere containing 50 mL/L CO2 for 24 
h. Then all cells were serum-starved (0.5% FCS) for 24 h 
before experimentation.

Treatment of cell line
SGC-7901 cells were treated with 25 endotoxin units 
(EU)/mL H pyloriSS1-LPS for 0, 30, 60 min or 120 min  
in the absence or presence of  pretreatment for 1 h with 
107 CFU/mL viable LBG or 10-2 mg/mL LBG-S. At the 
end of  each time point, cells were collected for Western 
blot, and RPMI 1640 medium was collected for ELISA. 
Each experiment was in triplicate.

Preparation of cellular lysates and Western blot analysis
Nuclear and cytoplasmic extraction from SGC-7901 
cells was performed using the nuclear-cytosol extraction 
kit (Cell Signaling Technology, Danvers, Massachusetts, 
USA) following guidelines from the manufacturer. 
Protein concentrations of  all extracts were determined 
with the Pierce protein assay kit. Each extract was 
mixed with an equal amount of  2 × loading buffer and 
heated at 100℃ for 5 min. Thirty micrograms of  protein 
was loaded in each lane, resolved in sodium dodecyl 



sulphate-polyacrylamide gels and electrotransferred 
to polyvinylidene difluoride membrane (1.2 mA/cm2,  
1 h). After blocked with 5% fat-free dried milk in Tris-
buffered saline containing 0.1% Tween-20 (TBST) for 
1 h, the membrane was incubated overnight at 4℃ 
with the following primary antibodies: anti-TLR4, anti-
transforming growth factor β-activated kinase 1 (TAK1), 
anti-phospho-TAK1 (p-TAK1), anti-nuclear factor κB 
(NF-κB), anti-p38 mitogen-activated protein kinase 
(p38MAPK), anti-phospho-p38MAPK (p-p38MAPK; 
all at the dilution of  1:1000, Cell Signaling Technology). 
Anti-β-actin and anti-lamin B1 (both at the dilution 
of  1:1000, Santa Cruz Biotechnology, Santa Cruz, 
California, USA) were used for the control of  equal 
protein loading. After washed three times in TBST, the 
membrane was incubated with horseradish peroxidase-
conjugated IgG (1:5000, Santa Cruz Biotechnology) as 
the secondary antibody at room temperature for 1 h. The 
photographic film was exposed to bands visualized with 
the Supersignal West Pico chemiluminescent substrate 
kit (Pierce). The integrated optical density (IA) of  each 
band was quantified using Quantity One software 4.5.0 
(Bio-Rad Laboratories, Hercules, California, USA). Each 
value for TLR4 band was normalized as the ratio of  
IA of  TLR4 band to that of  β-actin band. Each value 
for p-TAK1 band was normalized as the ratio of  IA 
of  p-TAK1 band to that of  TAK1 band. Each value 
for p-p38MAPK band was normalized as the ratio of  
IA of  p-p38MAPK band to that of  p38MAPK band. 
Each value for NF-κB band was normalized as the ratio 
of  IA of  NF-κB band to that of  lamin B1 band. Each 
Western blot analysis of  extract samples was performed 
in triplicate.

Detection of IL-8 production
The concentration of  IL-8 in RPMI 1640 medium was 
determined with a commercially available ELISA kit 
(R&D Systems, Minneapolis, Minnesota, USA) following 
guidelines from the manufacturer. Each sample was 
detected thrice.

Statistical analysis
The data were expressed as mean ± SD, and analyzed 
by SPSS13.0 software (SPSS, Chicago, Illinois, USA) 
for One-Way ANOVA test. P < 0.05 was considered 
statistically significant.

RESULTS
Viable LBG or LBG-S inhibited H pyloriSS1-LPS-induced 
activation of TLR4 signaling pathway
Twenty-five EU/mL H pyloriSS1-LPS up-regulated the 
expression of  TLR4, enhanced the phosphorylation of  
TAK1 and p38MAPK, and induced the translocation 
of  NF-κB into nuclei in a time-dependent manner  
(Figure 1A and B, Table 1). These results demonstrate 
that H pyloriSS1-LPS could activate the TLR4 signaling 
pathway. Pretreatment for 1 h with 107 CFU/mL viable 

LBG (Figure 1A) or 10-2 mg/mL LBG-S (Figure 1B) 
significantly inhibited these effects of  H pyloriSS1-LPS 
on the TLR4 pathway in SGC-7901 cells to a great 
extent (Table 1).

Viable LBG or LBG-S inhibited H pyloriSS1-LPS-induced 
IL-8 production
The production of  IL-8 in SGC-7901 cells treated with 
25 EU/mL H pyloriSS1-LPS for 0, 30 or 60 min in the 
absence or presence of  pretreatment for 1 h with 107 
CFU/mL viable LBG or 10-2 mg/mL LBG-S was almost 
undetectable (Table 2). No significant difference in these 
data was possibly attributed to their extremely small 
value. Thirty or 60 min of  treatment with H pyloriSS1-
LPS might be too short for SGC-7901 cells to produce 
enough IL-8 for ELISA, because cytokine production 
usually is posterior to the process of  corresponding signal 
transduction. If  we detected IL-8 mRNA in SGC-7901 
cells using the retro-transcriptional polymerase chain 
reaction, results at 30 min or 60 min should have been 
significantly higher than those at 0 min. Only 120 min of  
treatment with 25 EU/mL H pyloriSS1-LPS augmented 
IL-8 production in SGC-7901 cells (Table 2), which was, 
however, down-regulated by  pretreatment for 1 h with 
107 CFU/mL viable LBG or 10-2 mg/mL LBG-S (Table 2).

A
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+     +      +      +Viable LBG (107 CFU/mL)
H pylori SS1-LPS 
(25 EU/mL)

TLR4

b-actin

p-TAK1

TAK1
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Figure 1  Expression of TLR4 and activation of TAK1, p38MAPK and NF-κB 
in SGC-7901 cells treated with H pyloriSS1-LPS in the absence or presence of 
pretreatment with viable LBG (A) and LBG-S (B). 
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DISCUSSION
H pylori have recently been considered an indigenous 
biota of  human stomach and a dominant niche in gastric 
microecology including Lactobacilli and Sacharomyces 
with the capability of  cross-species communication[17-19]. 
There is evidence that Helicobacter species are ancient 
inhabitants of  human stomachs for at least 60 000 years 
which have co-evolved with the host and developed 
their excellent adaption to humans[20,21]. Though the 
vast majority of  people in developing countries carry  
H pylori, most of  them have no clinical manifestations 
at all[22]. More and more observations are consistent 
with the hypothesis that H pylori have both pathogenetic 
and symbiotic features, thus relatively balance their cost 
and benefit[23,24]. Changes in life style and sanitation 
conditions cause a probable disturbance of  gastric 
microecology, which plays a more important role in 
the pathogenetic mechanism of  H pylori in the modern 
era[25,26]. Therefore, eradiation of  H pylori does not seem 
justified for all individuals, especially children. These 
findings lead to the speculation that we are supposed to 
domesticate H pylori through restoring the homeostasis 

of  the gastric microecosystem. It was reported that 
administration of  exogenous Lactobacilli has therapeutic 
effects on H pylori-associated diseases by interfering with 
the pathogenetic progress of  H pylori[27-30]. Inhibition 
of  H pylori-induced proinflammatory factor production 
by Lactobacilli is a very important aspect. It has been 
demonstrated that Lactobaci l l i abrogate H pylori-
mediated IL-8 release in vitro and in vivo[31,32]. A large 
body of  evidence has shown that H pylori-LPS-induced 
inflammation in gastric mucosa has nearly the same 
pathological characteristics as the mucosal inflammation 
initiated by H pylori infection[6,7]. Bhattacharyya et al[33] 
reported that pretreatment with LPS inhibitor greatly 
attenuated H pylori extract-mediated gastric mucosal 
inflammation, suggesting that H pylori-LPS may be a 
major virulent factor for H pylori-associated mucosal 
inflammation, which urged us to research the effect of  
Lactobacilli on H pylori-LPS-induced IL-8 production. 
It has been documented that H pylori-LPS induces 
mucosal inflammation including IL-8 production via 
TLR4 signaling. In brief, H pylori-LPS is recognized 
by TLR4 of  the gastric epithelium, and then activates 
interleukin-1 receptor- associated kinase, tumor necrosis 
factor receptor-associated factor-6, TAK1 and TAK1-
binding protein 1/2, p38MAPK and NF-κB at last in 
a cascade mechanism[7,9]. However, whether Lactobacilli 
have the capability of  inhibiting H pylori-LPS-activated 
TLR4 pathway through interacting with gastric epithelia 
directly has not been extensively researched. Our 
findings demonstrate that viable LBG and LBG-S can 
prevent TLR4 signaling activation and IL-8 production 
mediated by H pyloriSS1-LPS in SGC-7901 cells, which 
strongly supports the hypothesis that some soluble 
proteins secreted by LBG and (or) somatic constituents 
of  LBG exert inhibitory effects on the TLR4 pathways 
in SGC-7901 cells treated with H pyloriSS1-LPS. Yan  
et al[34] reported that Lactobacillus rhamnosus GG (LGG) 
or supernatant recovered from LGG culture MRS 

Table 1  Effects of viable LBG, LBG-S and H pylori SS1-LPS on the expression of TLR4 and activation of TAK1, p38MAPK and NF-
κB in SGC-7901 cells

LPS 
0 min

LPS 
30 min

LPS 
60 min

LPS 
120 min

LBG + 
LPS 0 min

LBG + 
LPS 

30 min

LBG + 
LPS 

60 min

LBG + 
LPS 

120 min

LBG-S + 
LPS 

0 min

LBG-S + 
LPS 

30 min

LBG-S + 
LPS 

60 min

LBG-S + 
LPS 

120 min
TLR4/β-actin 0.014 ± 

0.003
0.21 ± 
0.031

0.43 ± 
0.051

1.21 ± 
0.111

0.016 ± 
0.003

0.08 ± 0.012 0.15 ± 0.022 0.40 ± 0.052 0.016 ± 
0.003

0.088 ± 
0.0132

0.12 ± 
0.022

0.18 ± 
0.032

   1t 2.588 3.068 3.502 2t 2.328 2.425 2.302 2.182 2.733 2.901
   1P 0.012 0.003 < 0.001 2P 0.031 0.021 0.033 0.041 0.01 0.007
p-TAK1/TAK1 0.008 ± 

0.002
0.075 ± 
0.0091

0.17 ± 
0.031

0.49 ± 
0.061

0.008 ± 
0.001

0.025 ± 
0.0032

0.051 ± 
0.0062

0.15 ± 0.022 0.007 ± 
0.002

0.031 ± 
0.0052

0.086 ± 
0.0112

0.13 ± 
0.022

   1t 2.445 2.871 3.421 2t 2.408 2.502 2.530 2.278 2.108 2.682
   1P 0.018 0.005 < 0.001 2P 0.022 0.018 0.017 0.035 0.044 0.012
p-p38MAPK/
p38MAPK

0.010 ± 
0.002

0.079 ± 
0.0111

0.18 ± 
0.031

0.48 ± 
0.081

0.009 ± 
0.002

0.031 ± 
0.0042

 0.058 ± 
0.0082

0.16 ± 0.032 0.013 ± 
0.003

0.029 ± 
0.0042

0.079 ± 
0.0122

0.12 ± 
0.022

   1t 2.401 2.819 3.403 2t 2.261 2.445 2.506 2.289 2.093 2.704
   1P 0.019 0.006 < 0.001 2P 0.036 0.02 0.018 0.034 0.046 0.011
NF-κB/lamin B1 0.012 ± 

0.002
0.18 ± 
0.031

0.32 ± 
0.051

1.02 ± 
0.131

0.012 ± 
0.002

0.042 ± 
0.0052

0.084 ± 
0.0092

0.26 ± 0.042 0.014 ± 
0.002

0.091 ± 
0.0122

0.17 ± 
0.022

0.23 ± 
0.042

   1t 2.523 2.968 3.458 2t 2.796 2.690 2.711 2.088 2.068 2.787
   1P 0.014 0.004 < 0.001 2P 0.009 0.012 0.011 0.046 0.048 0.009

1t and P value of each group vs corresponding LPS 0 min group; 2t and P value of each group vs corresponding LPS group at the same time point.

Table 2  Inhibitory effects of viable LBG or LBG-S on  
H pylori SS1-LPS-induced IL-8 production (pg/mL)

H pylori SS1-LPS Viable LBG+LPS LBG-S+LPS

0 min 2.62 ± 0.43 2.56 ± 0.46 2.52 ± 0.51
30 min 2.78 ± 0.38 2.67 ± 0.42  2.61 ± 0.47
60 min 3.07 ± 0.35 2.93 ± 0.51 2.89 ± 0.48
120 min     40.39 ± 3.01  24.12 ± 3.051,2   18.41 ± 1.831,2

1t 2.832 2.601 2.506
1P 0.006 0.011 0.015

2t 2.121 2.175
2P 0.047 0.044

1t and P value of each group vs H pyloriSS1-LPS group at 0 min; 2t and P 
value of each group vs H pyloriSS1-LPS group at 120 min.
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broth (LGG-S) ameliorated apoptosis of  young adult 
mouse colon cells treated with tumor necrosis factor 
α (TNF-α), interferon-γ or interleukin-1α through 
blocking p38MAPK and stress-activated protein kinase/
c-Jun amino-terminal kinase pathway. In addition, they 
have identified two proteins in LGG-S with molecular 
s izes of  80 and 42 kDa, which may be possible 
substantial effectors in LGG-S

[34]. In a recent study, they 
purified the two proteins from LGG-S again, ultimately 
determined their molecular weight as 75 and 40 kDa, 
and named them p75 and p40 respectively[35]. Their 
results demonstrate that both p75 and p40 can inhibit 
TNF-α-induced apoptosis of  intestinal epithelia and 
promote cell growth through activating Akt[35]. LBG-S in 
our experiment probably contained the similar or even 
same proteins, which could intervene in H pyloriSS1-
LPS-activated TLR4 signaling through modulating 
other pathways in SGC-7901 cells. Further study is 
needed to evaluate the hypothesis. In the purification 
and characterization of  the aforementioned potential 
soluble proteins secreted by LBG, we also detected the 
effect of  heat-killed LBG (hk-LBG) on H pyloriSS1-LPS-
activated TLR4 signaling for evaluating the presumption 
that some somatic constituents of  LBG may inhibit the 
effect of  H pyloriSS1-LPS. The incomplete data indicate 
that hk-LBG could also disrupt the H pyloriSS1-LPS-
activated TLR4 pathway. Nevertheless, the effect of  hk-
LBG was obviously smaller than that of  viable LBG at 
the same concentration. 

In conclusion, our evaluation of  LBG as a model 
probiotic organism reveals an important and novel 
relationship between H pylori-LPS-activated TLR4 
signaling and selective microflora, and further our 
understanding of  the signal pathways in gastric epithelia 
involved in inflammatory responses that are regulated by 
probiotics and pathogenic bacteria composing the gastric 
microecosystem. 
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 COMMENTS
Background
Some studies have demonstrated that Helicobacter pylori (H pylori) can 
stimulate the release of interleukin-8 (IL-8) from gastric epithelia, which 
initiates inflammatory damage to gastric mucosa and plays a crucial role in the 
pathogenesis of H pylori infection. H pylori lipopolysaccharide (H pylori-LPS) 
is a major virulent factor for H pylori-associated mucosal inflammation, which 
induces IL-8 production via activation of the Toll-like receptor 4 (TLR4) signaling 
pathway in gastric epithelia. Since H pylori is an indigenous biota in gastric 
microflora including Lactobacilli and disturbance of the gastric microecosystem 
plays a more important role in pathogenetic mechanisms of H pylori, 
eradiation of H pylori in all individuals does not seem justifiable. The gastric 
microecosystem was restored after treatment with exogenous Lactobacilli. 

However, whether Lactobacilli inhibit H pylori-LPS-induced IL-8 production 
through blocking H pylori-LPS-activated TLR4 pathway needs further study.
Research frontiers
Though there is more and more evidence that Lactobacilli have beneficial 
effects on gastrointestinal diseases, the molecular mechanisms are not well 
understood, especially in H pylori-associated diseases. Whether certain soluble 
proteins secreted by Lactobacillus bulgaricus (LBG) and somatic constituents of 
LBG directly interact with some signaling pathways in gastric epithelia has not 
been clearly demonstrated. Our study indicated that Lactobacillus rhamnosus 
GG secreted p75 and p40, two proteins with a molecular size of 75 and 40 
kDa respectively, could ameliorate apoptosis of intestinal epithelia treated 
with tumor necrosis factor α, interferon-γ or interleukin-1α and promote cell 
growth through activating Akt, blocking p38 mitogen-activated protein kinase 
and stress-activated protein kinase/c-Jun amino-terminal kinase signaling. The 
supernatant recovered from LBG culture MRS broth (LBG-S) in our experiment 
may contain the similar or even same proteins, which could intervene in H pylori 
Sydney strain 1 lipopolysaccharide (H pyloriSS1-LPS)-activated TLR4 signaling 
through modulating other pathways in SGC-7901 cells, suggesting that probiotic 
bacterial components may be useful in preventing H pylori-associated diseases.
Innovations and breakthroughs
Viable LBG or LBG-S blocked the H pyloriSS1-LPS-activated TLR4 pathway in 
SGC-7901 cells, leading to their inhibitory effects on IL-8 production induced by 
H pyloriSS1-LPS.
Applications
This study implied that certain soluble proteins secreted by Lactobacilli could 
directly interact with some signaling pathways in gastric epithelia and partly 
block the noxious effects of H pylori. This may benefit the exploration of new 
drugs for the treatment of H pylori-associated diseases.
Peer review
The results of this study indicate that H pyloriSS1-LPS could increase IL-8 
production through TLR4 signaling in gastric epithelia and probiotic bacteria 
attenuate IL-8 production via inhibition of the TLR4 pathway. The manuscript 
contains some interesting data, viable probiotics and their extracts against  
H pylori-LPS cytotoxicity.
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