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Abstract: Exosomes containing microRNA-155 act as molecule carriers during immune cell-cell communication and 
play an important role in the inflammatory response of H. pylori infection macrophages. Previous reports have found 
that miR-155 was over-expressed in H. pylori infection macrophages, but the significance of which is still unknown. 
In this study, we analyzed the impact of miR-155 loaded in exosomes derived from macrophages to the inflamma-
tory response of H. pylori infection macrophages and possible mechanisms. We found that miR-155 promoted the 
expression of inflammatory cytokines including TNF-a, IL-6, IL-23, but also increased the expression of CD40, CD63, 
CD81, and MCH-I. Meanwhile, inflammatory signal pathways proteins, such as MyD88, NF-κB in H. pylori infection 
macrophages were down-regulated due to the over-expression of miR-155. Experiments in vitro or in vivo revealed 
that miR-155 promoted macrophages to inhibit or kill H. pylori by regulating the inflammatory response of cells to 
prevent the gastritis caused by H. pylori infection. These findings contribute to the understanding of miR-155 con-
tained in exosomes in inflammatory responses of H. pylori infection macrophages. 
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Introduction

Helicobacter pylori (H. pylori) infection causes 
a chronic gastric mucosal inflammation, lead-
ing to pepticulcer disease in 5-10% of the infec-
tion people [1]. In acute or chronic H. pylori 
infection, inflammation is thought to be a major 
determinant of both peptic ulceration and gas-
tric malignancy [2], so immune cells including 
macrophages, dendritic cells (DC) and mucosa 
infiltrating lymphocytes take part in the innate 
and adaptative immune responses to the bac-
teria, but the regulatory mechanisms of H. pylo-
ri-induced inflammation are still not well under-
stood. Host defense against H. pylori requires 
the induction of appropriate innate immune 
responses, various immune regulators, for 
instance microRNAs (miRNA), also take part in 
the immune responses. MicroRNAs attracted 
the considerable attention because of their 
implication in maintaining homeostasis in fun-

damental biological processes in non-patholog-
ical states, and their deregulation in pathologi-
cal states [3]. Changes in miRNA expression in 
response to H. pylori infection have been 
reported in immune cells such as macrophages, 
dendritic cells [4, 5].

Exosomes are lipid bilayer vesicles of 30 to  
100 nm in size, which are released from various 
cell types including dendritic cells, mast cells, 
platelets, macrophages and so on. The compo-
sition of exosomes can vary depending on the 
cell type of origin but some common protein 
components have been defined [6]. Exosomes 
have been implicated in cellular immune re- 
sponses, however, it also has become evident 
that exosomes contain substantial amounts of 
RNA such as mRNA, microRNA and tRNA and 
were involved in immune-independent regula-
tory mechanisms recently. Pioneering studies 
have established that exosomes are enriched 
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in mRNA and could perform intercellular trans-
fer of miRNAs, participating in miRNA-based 
signaling mechanisms [7]. Recent studies also 
indicated that exosomes have a selective  
subset of miRNA which can be functionally 
transferred as a consequence of fusion with 
recipient cells [8]. Together, all data suggest 
that the function of exosomes as carriers of 
genetic information and that this genetic mate-
rial plays an important role in cells to cells 
communication.

Recently, miR-155 has been indicated to play a 
key role in the regulation of normal immunity or 
inflammation response [9, 10]. miRNA-155 
exhibits crucial roles during innate or adaptive 
immune responses [11-13]. Significantly, miR-
155 is known as a prototype multifunctional 
miRNA and is recognized for its inducible 
expression in activated T cells, macrophages, 
and dendritic cells [14]. Recent reports have 
showed novel roles for miR-155 in Th1 or Th17 
differentiation during microbial infections as 
well as augmented expression of miR-155 in T 
cells during pathogenic microbial challenge 
[15, 16].

In our previous study, we reported the increased 
expression of miR-155 in macrophages cells 
infected with H. pylori, and over-expression of 
miR-155 negatively regulated the release of 
proinflammatory cytokines [17]. Here, we 
intend to investigate the functions of miR-155 
contained in exosomes in the inflammatory 
response of H. pylori infected macrophages, 
and its mechanisms.

Materials and methods

Cultures of macrophages and H. pylori

Mouse RAW264.7 cell line was purchased  
from the Center for Type Culture Collection of 
Shanghai Academy of Sciences. Cells were  
cultured in wells or flasks at 37°C under 5% 
CO2, in RPMI 1640-GlutaMAX™ (HyClone La- 
boratories , USA) containing 10% (v/v) fetal bo- 
vine serum (HyClone Laboratories, USA), 100 
U/ml penicillin, 0.1 mg/ml streptomycin and 
0.25 μg/ml amphotericin B.

The wild-type H. pylori strain 26695 obtained 
from the Center for Type Culture Collection of 
Shanghai Academy of Sciences, was cultivated 
for 48 h at 37°C under microaerobic conditions 

(5% O2) on selective agar consisting of 21.5 g  
of Wilkins Chalgren agar, 50 ml of human blood, 
10 μg/ml of vancomycin, 10 μg/ml of cefsulo-
din, 5 μg/ml of trimethoprim, and 10 μg/ml of 
amphotericin B. And resuspended in RPMI-
1640 growth medium at an optical density of 
0.6 at 600 nm, which corresponds to 3×107 
CFU/ml. The bacteria were added to the ma- 
crophages at the indicated infection (MOI) 10 
and the co-cultures were further incubated at 
37°C in a 5% CO2 atmosphere for 24 h.

Quantitative reverse transcription PCR (qRT-
PCR) 

Total RNA including miRNAs and mRNAs were 
extracted using Trizol reagent (Invitrogen, USA). 
cDNAs were synthesized from enriched total 
RNA that annealed with random primers and 
tem-loop reverse transcriptional (RT) primers 
and then reverse transcribed with M-MLV 
reverse transcriptase (TaKaRa, China). The syn-
thesized cDNAs were stored at -70°C.

Real-time quantitative PCR was performed 
using the Roche lightcycler (LightCycler 2.0) 
System with primers designed by Primer Ex- 
press 3.0 and synthesized in Invitrogen. miR- 
NA levels were normalized by U6 snRNA, while 
mRNA levels were normalized by GAPDH. All 
reactions were performed in triplicate. The spe- 
cificity of PCR was determined by sequencing  
of the PCR products. All primers were follow- 
ing miR-155: 5’-ACGCTCAGTTAATGCTAATCGT- 
GATA-3’, U6: 5’-TTCCTCCGCAAGGATGACACG- 
C-3’, which were synthetized by Invitrogen com-
pany (New York, US). 

Exosomes purification

Macrophages culture supernatants were cen-
trifuged at 3000 ×g for 15 min to remove cells 
and cell debris, and transferred to sterile tu- 
bes. The appropriate ExoQuick Exosome Pre- 
cipitation Solution (System Biosciences, San 
Francisco, USA) was added, and tubes were 
mixed by inverting and then refrigerated for  
30 min. The mixture was then sedimented at 
1,500 ×g for 30 min, and the supernatant  
was removed by aspiration. Residual ExoQuick 
solution was removed by re-centrifugation at 
1,500 ×g for 5 min followed by aspiration. 
Finally, exosomes pellets were resuspended in 
1/10 original volume of nuclease-free water, 
25 μl 9% sucrose containing protease inhibi-
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tors (GenScript Biotechnology, Nanjing, China) 
was added, and the preparation was stored at 
-4°C. 

MicroRNA-155 loading in exosomes 

To transfer miR-155 into exosomes success-
fully, we optimized loading conditions for exo-
somes derived from macrophages. Re-su- 
spended exosomes were diluted in Gene Pul- 
ser® Electroporation buffer (Bio-Rad Labo- 
ratories, Berkeley, CA, USA) in 1:1 ratio. miRNA-
155 at final amount of 200 pmol was added to 
1 μg/μl of exosomes sample. The mixtures 
were transferred into cold 0.2 cm electropora-
tion cuvettes and electroporated at various 
voltages (0.150-0.200 kV) at 120 μF. Finally, 
the results of different capacitance were 
assessed. The exosomes were treated with one 
unit of RNase H to eliminate free floating 
miRNA-155 outside the exosomes and re-iso-
lated using Exoquick-TC™. The relative amount 
of encapsulated miRNA-155 was determined 
using RT-PCR Assays as described previously.

Analysis of inflammatory cytokines

Macrophages in six-well plates were treated 
with medium, exosomes (50 μg/ml), miR-155 
and exosomes+miR-155 (50 μg/ml) for 24 h. 
The concentrations of TNF-a, IL-6, IL-23 in cell 
supernatants of stimulated macrophages cells 
were analyzed by enzyme-linked immunoab- 
sorbent assay (ELISA), according to the manu-
facturer’s instructions (Boster Biotechnology 
Company, WuHan, China). Cytokines concen-
trations were calculated by standard curves. 

Flow cytometry analysis

Macrophages treated with medium, exosomes, 
miR-155 and exosomes+miR-155 were cul-

tured in six well plates for 24 h, then were har-
vested and washed twice with PBS contain- 
ing 0.2% BSA. Then macrophages were stain- 
ed with fluorescein isothiocyanate (FITC)- or 
phycoerythrin (PE)-labeled monoclonal anti-
bodies (BD, Franklin Lakes, NJ, USA) to CD40, 
CD63, CD81, and MCH-I respectively, or the 
appropriate isotype controls. Macrophages 
were washed and fixed in 10% (v/v) formalde-
hyde-PBS, and cell sorting and analysis were 
performed on a flow cytometry (Beckman 
MOFLO XDP, USA). Median fluorescence inten-
sities (MFI) and the percentages of positively 
expressing cells were determined after sub-
traction of the values for the isotype controls.

Western blotting analysis

Macrophages stimulated with medium, exo-
somes, miR-155 and exosomes+miR-155 were 
analyzed by western blotting. For western blot-
ting, equal concentration of proteins from cell 
lysates, as quantitated by the Micro BCA Pro- 
tein Assay (Merck Millipore, USA) were loaded 
on 10% SDS-PAGE gels, electrophoresed, and 
transferred onto polyvinylidene difluoride mem-
brane (Milipore, Bedford, MA). The membranes 
were probed for MyD88 (R&D Systems, 
Minneapolis, MN, USA, 1:600 dilution), NF-κB 
(R&D Systems, Minneapolis, MN, USA, 1:500 
dilution) and IRAK-1 (R&D Systems, Minnea- 
polis, MN, USA, 1:800 dilution). The mem-
branes were incubated at room temperature  
for 1 h with appropriate HRP-conjugated sec-
ondary antibodies and visualized with Plus-ECL 
(PerkinElmer, Shelton, CA) according to the 
manufacturer’s protocol. Immune-detected pro- 
tein bands were quantified with Image J and 
statistically analyzed by ANOVA software.

The proliferation of H. pylori influenced by miR-
155 loaded in exosomes

Macrophages were stimulated with medium, 
exosomes, miR-155 and miR-155 loaded in 
exosomes for 24 h, then were infection with H. 
pylori (1×107 CFU) for 24 h. H. pylori phagocy-
tosed by macrophages were extracted to cul-
tured on H. pylori culture medium for eight 
days. Meanwhile, H. pylori (1×105 CFU) were 
inoculated in H. pylori culture medium contain-
ing cell supernatant of macrophages treated 
with medium, exosomes, miR-155 and miR-155 
loaded in exosomes, respectively for eight 
days. The titration of H. pylori was determined 

Table 1. MicroRNAs differentially regulated 
in exosomes from H. pylori 26695-activated 
macrophages cells
Up-regulated 
miRNA

Fold change 
upon infection

Relative level in 
infected cells

hsa-miR-21 18.6547 0.0587
hsa-miR-155 22.3215 13.2548
hsa-miR-146a 8.7451 15.6213
hsa-miR-126 4.6251 0.8513
hsa-miR-106 3.1582 0.4568
hsa-miR-151 3.0215 0.3014
has-let-7a 2.1253 4.6534
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of seven miRNAs known to be related to innate 
immunity in macrophage cells following a H. 
pylori infection was determined by qRT-PCR 
(Table 1). The expressions of three miRNAs, 
miR-155, miR-146a, let-7a increased obviously 
in exosomes from macrophages after H. pylori 
infection (*P<0.05). Results show that miRNAs 
especially miR-155 might play an important 
regulatory function in exosomes from macro-
phages against H. pylori infection.

The expression of miR-155 in exosomes and 
macrophages

MicroR-155 in exosomes derived from H. pylori 
infection macrophages or in H. pylori infection 
macrophages was determined by RT-PCR 
(Figure 1), findings show that miR-155 was 
increased remarkably in exosomes derived 
from H. pylori infection macrophages or in mac-
rophages infected with H. pylori compared with 
H. pylori un-infection groups (*P<0.05).

The expression of miR-155 loaded in exo-
somes

Exosomes derived from H. pylori non-infection 
macrophages were loaded with miR-155 using 

Figure 1. Analysis of the expression of miR-155 in exosomes or macrophages 
cells. A: The expression of miR-223 in exosomes (un-exo, Hp-exo) secreted 
from H. pylori un-infection or infection macrophages and in H. pylori un-infec-
tion or infection macrophages by a RT-PCR assay. B: The fold changes of miR-
155 expression relative to exosomes from H. pylori un-infection macrophages 
was used for analysis. A significantly increased expression of miR-155 was 
detected in Hp-exo and Hp macrophages. (*P<0.05), compared with un-exo 
group and control (medium group, *P<0.05). Results represented the mean 
± SE from three independent triplicated experiments.

every two days to analyze their proliferative 
ability by bacteria plate count.

HE staining of mice gastric tissues

All mice were housed at the institutional animal 
facility under specific-pathogen-free conditions 
during the experiment. H. pylori infection was 
carried out in the biosafety level 2 laboratory. 
All animal procedures were approved by the 
Institutional Animal Care and Use Committee of 
JiangSu University. Briefly, mice (5 male/group) 
were administered with medium, exosomes, 
miR-155 and exosomes+miR-155, at a dose of 
30 µg/mouse by tail vein injection. The mice 
were immunized three times every 2 weeks for 
2 weeks between vaccinations. Then all experi-
mental groups were infected with H. pylori 
1×106 CFU/mouse two times every weeks for  
2 weeks by intragastric administration.

Small sections of gastric tissues of normal 
mice and H. pylori infection mice administer- 
ed with medium, exosomes, miR-155 or exo- 
somes+miR-155, were fixed in 10% neutral 
buffered formalin (Fisher Scientific, Fair Lawn, 
NJ) at room temperature overnight, and then 
embedded in paraffin (Leica, Richmond, IL). 

Gastric tissue slices were 
analyzed by HE staining kit 
(Beyotime, JiangSu, China) 
according to the manufactur-
er’s instructions. 

Statistical analysis

All data were expressed as 
mean ± SEM. Comparisons 
were performed with One-way 
ANOVA with SNK post hoc.  
P<0.05 was considered sta-
tistically significant. All analy-
ses were performed using 
SPSS16.0 (SPSS).

Results

The profile of miRNAs in exo-
somes from H. pylori infection 
macrophages 

In order to investigate the 
potential function of miRNAs 
in exosomes originated from 
macrophages infected by H. 
pylori, the expression profile 
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the optimal conditions (like voltage and con-
cen-187 trations), as determined in the previ-
ous section, then miR-155 in exosomes was 
analyzed by RT-PCR to assay the transfection 
efficiency (Figure 2), Experimental results indi-
cated that miR-155 was transported into exo-
somes from H. pylori non-infection macro-
phages successfully.

The expressions of TNF-a, IL-6, IL-23 regulated 
by miR-155

Exosomes contained antigens of H. pylori and 
miR-155 both could regulate the inflammatory 
response in H. pylori infection macrophages. In 
order to understand the functions of miR-155 
loaded in exosomes, the expression of inflam-
matory cytokines TNF-a, IL-6, IL-23 were detect-
ed by ELISA method (Figure 3). As expected, 
the expression of TNF-a, IL-6, IL-23 were 
increased significantly in macrophages com-
pared with macrophages transfected with miR-
155 and control groups (*P<0.05), suggestting 
that exosomes could a good information carrier 

MyD88, NF-κB and IRAK-1 in H. pylori infection 
macrophages. Total proteins of all experimen-
tal groups were harvested at 24 h and analyzed 
with western blotting (Figure 5). Interestingly, 
miR-155 loaded in exosomes showed an stron-
ger ability to down-regulate the expression of 
MyD88, NF-κB proteins in H. pylori infection 
macrophages compared with control groups 
(*P<0.05); but IRAK-1 proteins were un- 
changed. Those displayed that miR-155 regu-
late the immune responses in H. pylori infec-
tion macrophages by MyD88, NF-κB Inflam- 
matory response pathways. 

The proliferation analysis of H. pylori 

The proliferation of H. pylori obtained from the 
phagocytosis in macrophages treated with miR-
155 loaded in exosomes was assessed, and 
the proliferation of H. pylori incubated with the 
cell supernatant of macrophages treated with 
miR-155 loaded in exosomes was evaluated. 
Every two days, the CFUs of H. pylori were 
recorded by OD value measurement (Figure 6). 

Figure 2. The expression of miR-155 in exosomes using the optimal condi-
tions. A: H. pylori un-infection exosomes were transfected with miR-155 us-
ing the optimal conditions, then the expression of miR-155 was analyzed by 
RT-PCR. B: The fold changes of miR-155 expression relative to the miR-155 
un-transfected exosomes was used for analysis. A significantly increased ex-
pression of miR-155 was detected in exosomes transfected with miR-155 
(*P<0.05), compared with H. pylori un-infection exosomes group and control 
(medium group, *P<0.05). Results represented the mean ± SE from three 
independent triplicated experiments.

to transport miR-155 between 
macrophages to regulate pro-
inflammatory mediators.

Expression of CD40, CD63, 
CD81, and MCH-I in macro-
phages (flow cytometry)

To study the common function 
of miR-155 and exosomes on 
molecular signaling proteins 
in cell surface, CD40, CD63, 
CD81, and MCH-I levels in H. 
pylori infection macrophages 
were quantified by flow cytom-
etry (Figure 4). Data show 
that the expression of CD40, 
CD63, CD81, and MCH-1 lev-
els were enhanced in macro-
phages stimulated with exo- 
somes+miR-155 in contrast 
with control groups (*P<0.05).

Inflammation-related proteins 
influenced in macrophages 
by MicroiRNA-155 loaded in 
exosomes

To explore whether miR-155 
loaded in exosomes is capa-
ble of regulating inflamma-
tion-related proteins such as 
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Figure 3. The influence of exosomes+miR-155 on cytokine expressions of TNF-a, IL-6, IL-23. Macrophages were 
stimulated with exosomes, miR-155, exosomes+miR-155 and medium respectively. The supernatants were har-
vested at 24 h post stimulation, and were determined by ELISA. Each symbol per condition represents the data 
obtained with cells from one well. Horizontal lines show the median values of 8 experiments. MicroR-155 loaded in 
exosomes enhanced the expression of TNF-a, IL-6, IL-23 in macrophages significantly compared with control groups, 
(mean ± SE, 6 independent experiments), and statistical analysis was by SPSS 16.0, with asterisks indicating the 
pairs of values compared for which significant differences were observed (*P≤0.05).
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Out of surprise, the proliferation of H. pylori 
acquired from macrophages stimulated with 
miR-155 loaded in exosomes was retarded 
observably compared with control groups, 
meaningly the cell supernatant of macrophages 
treated with miR-155 loaded in exosomes has 
certain inhibitory effect on the proliferation of 
H. pylori.

Analysis of HE staining

Gastric tissue slices from normal mice and H. 
pylori infection mice immuned with medium, 
exosomes, miR-155 and exosomes+miR-155 
were analyzed by HE staining (Figure 7). 
Experimental data presented that the number 
of inflammatory cells such as neutrophils, 
monocytes, et al. decreased in the gastric tis-
sue of H. pylori infection mice immuned with 
miR-155 loaded in exosomes, compared with 
other groups that H. pylori infection mice treat-
ed with medium, exosomes or miR-155.

Discussion

Helicobacter pylori plays an important role in 
the development of Gastric ulcer [18, 19], how-
ever, the relationships between miRNAs and 
the immune or inflammatory responses in H. 
pylori infection are still unknown. 

Numerous studies reported that exosomes iso-
lated from cells infected with various intracel-
lular pathogens contain microbial components 
and could promote antigen presentation and 
macrophage activation [20, 21]. Exosomes not 
only contain proteins, but also are rich in miR-
NAs, which could be functionally transferred 
from parent cells to recipient cells [22]. 

There are multiple studies describing various 
roles of exosomal miRNAs in cancer. For exam-
ple, miRNAs transferred in exosomes from T 
lymphocytes to antigen-presenting cells at 
immune synapses were shown to be capable to 
regulate gene expression in recipient cells [23]. 
Similarly, the transfer of miRNAs between 
mouse dendritic cells via exosomes was found 
to be functional by repressing target mRNAs, 
and miRNAs or cytokines carried by dendritic 
cell-derived exosomes interact with and influ-
ence immune cells [24, 25]. 

H. pylori infection can stimulate the expression 
of miR-155 in gastric epithelial cells and in gas-
tric mucosal tissues. The up-expression of miR-
155 in macrophages infected by H. pylori has 
been reported, indicating that miR-155 may 
function as a novel negative regulator in inflam-
mation responses to H. pylori infection [26]. In 
this study, miR-155 in exosomes from H. pylori 

Figure 4. The expressions of CD40, CD63, CD81, and MCH-I were analyzed by flow cytometry in macrophages. 
Macrophages were treated with medium, exosomes, miR-155 and exosomes+miR-155, then 106 macrophage cells 
were analyzed on FACS and obtained fluorescence intensities of CD40, CD63, CD81, and MCH-I. Bar graphs show 
the mean fluorescence intensities (MFI) of CD40, CD63, CD81, and MCH-I (mean ± SE, 3 independent experiments), 
and statistical analysis was by SPSS 16.0, with asterisks indicating the pairs of values compared for which signifi-
cant differences were observed (*P≤0.05). 

Figure 5. The expression of MyD88, NF-κB and IRAK-1 proteins was analyzed by western blotting. A: MyD88, NF-κB 
and IRAK-1 proteins in macrophages stimulated with medium, un-exosomes, miR-155 and un-exosomes+miR-155 
respectively were detected by western blotting; B: The fold changes of MyD88, NF-κB and IRAK-1 proteins expression 
relative to the H. pylori un-infection exosomes group and control (medium group) were used for analysis. MyD88 and 
NF-κB proteins were  significantly decreased in macrophages stimulated with miR-155 and un-exosomes+miR-155 
(*P<0.05), compared with H. pylori un-infection exosomes group and control (medium group, *P<0.05). Results 
represented the mean ± SE from three independent triplicated experiments .
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infection macrophages was up-expressed sig-
nificantly, so miR-155 may regulated the inflam-

mation of host cells by exosomes between dif-
ferent immune cells. 

Figure 6. The effect of miR-155 loaded in exosomes on H. pylori proliferation. H. pylori obtained from the phagocy-
tosis in macrophages treated with miR-155 loaded in exosomes (A), or H. pylori incubated with the cell supernatant 
of macrophages treated with miR-155 loaded in exosomes (B) were cultured on bacterial culture medium, and H. 
pylori proliferation was monitored every two days by OD600 nm value determination. Data showed mean ± SD of 
three independent experiments, and Student’s t test was used for statistical analysis (*P≤0.05).

Figure 7. Typical HE staining of gastric tissue of H. pylori infection mice treated with different immune complexes 
(100×). A: H. pylori infection mice treated with medium; B: H. pylori infection mice immunized with exosomes; C: H. 
pylori infection mice treated with miR-155; D: H. pylori infection mice stimulated with miR-155 loaded in exosomes.
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H. pylori activated human DCs and promoted a 
strong inflammatory response characterized by 
the early production of pro-inflammatory TNF-a 
or IL-6 cytokines via MyD88 in a TLR-dependent 
manner [27, 28], followed by IL-10, IL-1β, and 
IL-23 secretion. DCs activation and cytokine 
production were accompanied by a strong miR-
155 induction, which mainly controlled TNF-a 
production. Furthermore, the over-expression 
of miR-155 modulate the release of the proin-
flammatory cytokines IL-8 and GRO-a negative-
ly [29]. Our results also show that miR-155 
loaded in exosomes were deliveried into macro-
phages successfully and induced a strong 
inflammatory response that cytokines TNF-a, 
IL-6, IL-23 or cell signal transduction proteins 
CD40, CD63, CD81, and MCH-I all increased 
remarkablely, suggesting that miR-155 may 
function as novel negative regulator that help 
to fine-tune the inflammation response of H. 
pylori infection.

In gastric epithelial cell lines, H. pylori was 
shown to induce miR-155 expression in an 
TLR/MyD88-dependent NF-κB activation man-
ner, but the over-expression of miRNAs could 
play an inhibitory effect to this signal transduc-
tion pathway [30-32]. Consistent with previous 
findings, we found that the over-expression 
miR-155 transfected into macrophages by 
loading in exosomes regulate the production  
of pro-inflammatory mediators by targeting 
MyD88, NF-κB proteins expression in the pres-
ent study.

In the current study, we found out that macro-
phages transfected with miR-155 loaded in 
exosomes could damage H. pylori, which were 
inhibited on culture medium in vitro. Meanwhile, 
the cell culture supernatant of macrophages 
transfected with miR-155 loaded in exosomes 
also could inhibit the proliferation of H. pylori, 
indicating cytokines secreted from macro-
phages playing an important role in the inhibi-
tion. Interestingly, animal experiments in vivo 
show the inflammatory reaction of gastric epi-
thelial tissue in H. pylori infection mice  treated 
with miR-155 loaded in exosomes were be 
reduced significantly, revealed that miR-155 
loaded in exosomes may have an potential 
application prospect in gastrointestinal diseas-
es caused by the infection of H. pylori, but fur-
ther research to investigate the underlying 
mechanisms is warranted.
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