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Summary

Emerging evidence has linked the exosomes to many immunological dis-
orders, including infectious diseases. However, knowledge regarding the
role of exosomes in Helicobacter pylori infection is limited. Here, we show
that serum exosomes from chronic gastritis patients with H. pylori infec-
tion (Hp exosomes) stimulate the expression of the soluble interleukin
(IL)-6 receptor (sIL-6R), which is involved in IL-6 trans-signalling in gastric
epithelial cells. Interestingly, sIL-6R up-regulates expression of the pro-
inflammatory cytokine IL-1a, and the neutralization of sIL-6R suppresses
IL-1a secretion. Thus, Hp exosomes regulate IL-1a expression via sIL-6R-
mediated IL-6 trans-signaling. Altogether, this study reveals a novel per-
spective in which exosomes play a vital role in immunological mechanisms
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Introduction

Helicobacter pylori (H. pylori, Hp) infection is globally
widespread. Almost half of the population has been esti-
mated to be carriers of H. pylori [1]. The prevalence of
infection varies and depends on several factors, such as
age, ethnicity, geography and socioeconomic status [2-4].
H. pylori causes chronic gastric mucosal inflammation
that leads to peptic ulcer disease in 5-10% of infected
people [5]. Inflammation in acute or chronic H. pylori
infection is a major determinant of peptic ulceration and
gastric malignancy [6]. Many studies have revealed the
relationship between H. pylori infection and certain dis-
eases localized outside the stomach, including oesophageal
diseases, inflammatory bowel diseases, allergic disease and
hepatobiliary disease [7-9]. Extensive studies investigating
the molecular pathogenesis of the extragastric effects of
H. pylori infection are ongoing. Recently, the role of
extracellular vesicles, such as exosomes, has been shown
to explain the specific mechanisms [10].

Extracellular vesicles (EVs) are membrane-bound vesi-
cles constitutively released by many cells. EVs are sub-
divided into exosomes, microvesicles and apoptotic bodies.
Exosomes are the smallest vesicles (40-150 nm) released

during H. pylori infection.
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from many cell types, including cancer cells, endothelial
cells and immune cells, and are generated by the fusion
of multi-vesicular bodies containing intraluminal vesicles
with the plasma membrane [11-14]. Recently, many stud-
ies have focused on the role of EVs in the regulation of
different pathophysiological conditions, such as cancer
[15], immunological disorders [16] and other systematic
disorders in different organs. Exosomes contain substantial
amounts of RNA (including mRNA, microRNA and tRNA)
and proteins and are involved in immune regulatory
mechanisms in many human diseases.

Exosomes can act as nanocarriers for the systemic
delivery of related signal molecules, which produces gas-
troduodenal and extragastric effects. MicroRNA-155 from
exosomes regulates the expression of cytokines and inflam-
matory signalling pathway proteins involved in the inflam-
matory response of H. pylori-infected macrophages [17].
To date, only one study has investigated the role of
exosomes in Hp-induced extragastric diseases [10]. The
study indicates that plasma-derived and gastric epithelial
cell-derived exosomes could carry the Hp virulence factor
cytotoxin-associated gene A (CagA) and enter into the
blood circulation. These exosomes could be transported
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to other organs and tissues to participate in the patho-
genesis of Hp-induced extragastric diseases. Thus, exosomes
may play a vital role in the abnormal immune response
induced by H. pylori infection. However, relevant studies
are scarce, and the specific mechanism remains poorly
understand. In this study, we screened for cytokines
induced by serum exosomes from chronic gastritis patients
infected with H. pylori (Hp exosomes) by performing an
antibody array analysis and found that interleukin (IL)-1a
and the soluble IL-6 receptor (sIL-6R) were up-regulated
by Hp exosomes in human gastric epithelial cells (GES-1).
IL-6 trans-signalling via sIL-6R exhibited a proinflamma-
tory effect, including the promotion of inflammatory
cytokine expression [18,19]. In addition, IL-1a exerted a
proinflammatory effect as the initiator of several human
diseases, such as inflammation [20]. Based on these results,
in this study we investigated the role of serum exosomes
in IL-6-mediated inflammatory cytokine regulation. Our
data are the first, to our knowledge, to reveal a previously
unidentified regulatory mechanism involving exosomes,
sIL-6R and IL-la in H. pylori infection.

Materials and methods

Patient samples

Gastric mucosa samples were collected for an immuno-
histochemistry analysis and (haematoxylin and eosin H&E)
staining from 58 children with chronic gastritis who were
recruited randomly from the Department of Pediatrics at
Ruijin Hospital and Ruijin Hospital North between March
2016 and October 2017. All the patients were diagnosed
by gastroscopy and pathological examination. The sample
comprised 22 female and 36 male patients aged between
2 and 17 years with a mean age of 10-47 + 0-137 years.
Based on the Sydney system (definition and grading of
chronic inflammation were on the basis of histological
features, such as lymphocytes and plasma cells infiltration
and loss of specialized glands), the patients were classified
into ‘mild’, ‘moderate’ and ‘severe’ subgroups (detected
by H&E staining). The patients were divided into the
H. pylori-negative group (n = 20) or H. pylori-positive
group (n = 38) according to the Sydney classification
system. Blood samples were collected from five H. pylori-
positive gastritis patients and three healthy volunteers
without H. pylori infection or gastritis. The serum samples
were prepared following a standard venous blood sampling
protocol. The collected blood was centrifuged at 3000
g for 10 min at 4°C, and the serum was transferred to
a clean tube and stored at —80°C until use. Several tissue
specimens were frozen at -80°C for the protein extraction
and Western blotting analysis. This study was approved

by the ethics committee of Shanghai Jiao Tong University
School of Medicine, and written informed consent was
obtained from all participants.

Cell culture

Human gastric epithelial cells (GES-1) were purchased
from the Shanghai Institute for Life Science, Chinese
Academy of Sciences (Shanghai, China) and cultured in
RPMI-1640 medium (Gibco, USA) supplemented with
10% Fetal Bovine Serum (GiBco, Carlsbad, CA, USA),
100 mg/ml penicillin G and 50 pg/ml streptomycin (Life
Technologies, Carlsbad, CA, USA) at 37°C in a humidi-
fied atmosphere containing 5% CO,. Lipopolysaccharide
(LPS) (Escherichia coli 0111:B4; Sigma, St Louis, MO,
USA), a tumour necrosis factor (TNF)-a protease inhibitor
(TAPI; Santa Cruz Biotechnology, Santa Cruz, CA, USA),
exosomes from serum (100 pg/ml Hp or control exosomes),
human sIL-6R recombinant protein (rhsIL-6R; Abeomics,
Newmarket, UK) and the human IL-6R alpha antibody
(R&D Systems, Minneapolis, MN, USA) were used to
stimulate the cells at suitable concentrations depending
on the experimental needs.

Exosome isolation and labelling

The serum exosomes were isolated using ExoQuick
Exosome Precipitation Solution (SBI, Palo Alto, CA, USA)
according to the manufacturer’s instructions. Briefly, 200 pl
serum was mixed with 50 pl ExoQuick solution and incu-
bated at 4°C overnight. The mixtures were centrifuged
at 10 000 g for 30 min at 4°C, and the exosome pellets
were resuspended in diluent C (Sigma) for the fluorescent
labelling, resuspended in phosphate-buffered saline (PBS)
for the nanoparticle tracking analysis or in-vitro stimula-
tion of GES-1, or lysed immediately in radioimmunopre-
cipitation assay buffer (RIPA) buffer for Western blot
analysis. The exosomes are designated ‘con’ and ‘exo(Hp)’
(or Hp exosomes) for simplicity.

Identification of serum exosomes

Particle size was measured using the Nanosight LM10
HS-BF instrument (Nanosight Ltd, Salisbury, UK) on the
basis of nanoparticle tracking analysis (NTA). Briefly,
exosome pellets resuspended in PBS were diluted to a
concentration of 3 pg/ul after protein quantification, then
exosome suspensions were further diluted 100-fold and
analysed following the protocol.
Transmission electron microscopy (TEM) was performed
to detect the exosomes morphology. Briefly, exosomes
suspended in 2% glutaraldehyde were loaded onto a cop-
per grid and stained negatively with 3% (w/v) aqueous
phosphotungstic acid for 1 min. The grid was then exam-
ined using an FEI Tecnai G2 Sprit Twin transmission

manufacturer’s
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electron microscope (JEM-1230; Jeol Ltd, Tokyo, Japan).
Moreover, for further identification of the exosomes, CD63
(a surface protein marker of exosome) and calnexin (an
integral protein of the endoplasmic reticulum) were
detected by using Western blotting.

Immunohistochemistry

The gastric mucosa samples were fixed, dehydrated, embed-
ded in paraffin and sliced (4 um). Immunohistochemical
staining was performed according to standard protocols.
The IL-l1a antibody (1 : 200; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was added, and the sections were
incubated overnight at 4°C. The images were acquired under
an Olympus microscope. The cells were considered positive
if brown granules were clearly present in the cytoplasm
or nuclei of the epithelial cells. The immunohistochemistry
scores were based on the percentage of positive cells
(< 10% = 0; 10-30% = 1; 31-50% = 2; 51-75% = 3; and
> 75% = 4) multiplied by the stain intensity (0 = negative,
1 = weak, 2 = moderate and 3 = strong) in five different
high-power fields of each section. A score of 4+ was con-
sidered positive.

Western blot analysis

Western blot analysis was performed as described previ-
ously [21]. Total protein from the cell lysates and exosomes
was harvested using RIPA cell lysis buffer (Beyotime Institute
of Biotechnology, Haimen, China). The membrane proteins
were isolated using a Mem-PER Plus Membrane Protein
Extraction Kit (Thermo Scientific, Fremont, CA, USA). A
BCA protein assay kit (Yeasen, Shanghai, China) was used
to quantify and standardize the protein concentrations in
the exosomes and cell lysates. The following specific primary
antibodies were used: anti-human IL-6R (1 : 1000; R&D
Systems), anti-IL-1a (1 : 1000; Santa Cruz), anti-calnexin
(1 : 1000; Cell Signaling Technology, Danvers, MA, USA),
anti-CD63 (1:1000; Abcam, Cambridge, MA, USA) and
anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
(1 : 1000; Sangon Biotech, Shanghai, China). The anti-Na+/
K+-ATPase al polyclonal (1 : 500; Abbkine, Waltham,
MA, USA) and horseradish peroxidase (HRP)-conjugated
secondary antibodies were purchased from Cell Signaling
Technology. The neutralizing antibodies (NAb) against sIL-
6R were purchased from R&D Systems.

Immunofluorescence assay

Immunofluorescence assays were performed to verify
that the exosomes could be incorporated by GES-1.
The exosomes (100 ul) were naturally dissolved after
removal from -80°C and labelled with PKH67 (Sigma)
following the manufacturer’s procedure. The PKH67-
labelled exosomes were co-cultured with GES-1 for

Exosomes mediate IL-1a by sIL-6R

12 h. Then, the cells were fixed in 4% formaldehyde
and permeabilized with 0-1% Triton. The cells were
observed under a confocal microscope (Leica, Wetzlar,
Germany).

Quantitative real-time-polymerase chain reaction
(QRT-PCR)

Total RNA was extracted from the cells using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) following the
manufacturers instructions. PCR amplification was per-
formed on a LightCycler 480 system (Roche, Indianapolis,
IN, USA) using SYBER Green Supermix (Takara, Dalien,
China). Quantification was performed in quadruplicate,
and the experiments were repeated independently three
times using the following primers: IL-1a (5GGCAACAC
CATTGAAGGC3/5CGGGAGGTATGCGTAAGG3) and
GAPDH(5TTCACCACCATGGAGAAGGC3/5
CACACCCATCACAAACATGGG 3).

Enzyme-linked immunosorbent assay (ELISA)

The cell culture supernatants were collected, and the
concentrations of human soluble IL-6 receptor
(Invitrogen) and TNF-a (Anogen, Missassauga, ON,
Canada) were measured using ELISA kits according to
the manufacturer’s instructions. The absorbance of each
well was read at 450 nm using a microplate spectro-
photometer. The experiments were repeated independently
three times.

Screening for secreted cytokines using a protein array

A human inflammation antibody array (RayBiotech, Inc.,
Norcross, GA, USA) was used to detect various cytokines
in the cell culture supernatants according to the manu-
facturer’s protocol. The fluorescent signals were detected
using a laser scanner (GenePix 4000B Microarray Scanner;
Axon, Boston, MA, USA). The densities of the individual
spots were measured using Image] software to determine
the relative cytokine concentrations. The intensities were
normalized  to positive

internal controls  for

comparison.

Statistical analysis

The statistical analysis was performed using spss version
16.0 software (SPSS Inc., Chicago, IL, USA). The data
are presented as the mean +* standard deviation (s.d) or
mean + standard error (s.e.). The statistical significance
of the differences was calculated by performing Student’s
t-test or one-way analysis of variance (ANova). The enu-
meration data were evaluated by performing x* test or
Fisher’s exact test as appropriate. P < 0-05 was considered
statistically significant.
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Results

Identification and characterization of serum exosomes
from chronic gastritis patients with H. pylori infection

To study the effects of exosomes in H. pylori infection,
ExoQuick exosome precipitation solution was used to
isolate the exosomes from the serum samples; the char-
acteristics of gastritis patients and healthy volunteers chosen
for exosome extraction are presented in Table 1; then,
we verified the isolated pellets. A nanoparticle tracking
analysis was performed to confirm the successful isolation
and purity of the exosomes. The peak size of the particles
in the exosome preparations was approximately 139 nm
(Fig. 1a), which is within the expected size range for
exosomes. Representative transmission electron microscope
images of exosomes obtained from serum samples are
shown in Fig. 1b. Homogeneous populations of small
cup-shaped circular vesicles (50-140 nm in diameter) were
observed. Cellular markers of exosomes were abundant,
such as CD63, TSG101, CD81, CD9 and Hsc70. Among
them, CD63 is an evolutionarily conserved protein in
exosomes and widely used as a biomarker for exosomes.
Calnexin, is a integral protein of the endoplasmic reticu-
lum (ER) that exists in the cell, which should not appear
in exosomes. Thus, to further confirm that the isolated
pellets were exosomes, we detected CD63 and calnexin
expression by Western blot. The results showed the pres-
ence of CD63 protein in exosome fraction, but not in
GES-1 whole cell lysate, and calnexin protein presented
in GES-1 cell lysate, but not in exosome fraction (Fig. 1c).
These results support that the isolated pellets are true
exosomes.

Exosome uptake by human GES-1

The internalization of exosomes is a mechanism of cargo
delivery to recipient cells. In this study, to determine
whether the exosomes could enter GES-1 cells, an immu-
nofluorescence assay was performed using PKH67, which
is a green fluorescent cell linker compound that becomes

incorporated into the cell membrane by selective parti-
tioning. First, the Hp exosomes were labelled with PKH67;
then, the exosomes were co-cultured with GES-1 for 2
h. We observed the internalization of the exosomes under
fluorescent and confocal microscopes. In the confocal
images, the green fluorescence emission localized in the
cytoplasm, indicating the successful internalization of the
PKH26-labelled Hp exosomes by GES-1 (Fig. 1d).

Screening for secreted cytokines induced by serum
exosomes in GES-1 cells

Exosomes are heavily involved in the regulation of numer-
ous fundamental biological functions, including the
immune response [22], and exosomes may function as
endogenous inflammation regulators [23]. Therefore, a
human inflammation antibody array was performed to
detect secreted cytokines in GES-1 cell supernatants treated
with serum exosomes and investigate the role of serum
exosomes from chronic gastritis patients in the inflam-
matory response. As shown in Fig. 2a, 40 human cytokines
were detected simultaneously and, interestingly, among
these cytokines, only sIL-6R and IL-la were increased
by more than 1.5 times in the exo(Hp) treatment group
compared with those in the control group (Fig. 2b
and 2c).

Exosomes activate sIL-6R expression via differential
splicing in GES-1 cells

As mentioned previously, using a protein array, we first
discovered that the protein level of sIL-6R was increased
dramatically in GES-1 cells treated with Hp exosomes.
Therefore, we investigated whether exosomes regulated
sIL-6R expression and compared the sIL-6R cytokine levels
in the GES-1 cell supernatants following the exosome
treatment using ELISA. The culture supernatants of the
GES-1 cells were harvested at 6, 12, 24 and 48 h post-
treatment (100 ug/ml Hp or control exosomes). The sIL-6R
levels increased as the treatment time increased and peaked
at 24 h in the GES-1 cells (Fig. 3). IL-6 binds sIL-6R,

Table 1. Characteristics of the gastritis patients and healthy volunteers selected for serum exosomes extraction

H. pylori Treatment before

No. Age (years) Gender Dyspeptic symptoms Chronic gastritis infection diagnosis
Gastritis patients 1 6 F Yes Severe Positive No

2 7 M Yes Severe Positive No

3 6 F Yes Severe Positive No

4 7 M Yes Severe Positive No

5 8 M Yes Severe Positive No
Healthy volunteers 1 6 M No No Negative No

2 7 F No No Negative No

3 7 M No No Negative No

M = male; F = female.
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Fig. 1. Characterization and validation of exosomes isolated from serum samples of Helicobacter pylori-positive chronic gastritis patients. (a) The

nanoparticle tracking analysis of the exosome preparations was performed using a Nanosight system, and a peak was observed at approximately
139 nm. (b) Electron micrograph of Hp exosomes revealing the typical morphology and size (50-140 nm). (c) CD63 and calnexin expression in gastric
epithelial cells (GES)-1 cells and exosomes were assessed by Western blotting. Con-Exo = exosomes isolated from serum of healthy volunteers; Hp-
Exo = exosomes isolated from serum of Hp-positive patients. (d) An immunofluorescence assay verified the GES-1 cellular uptake of Hp exosomes.
Green fluorescence represents PKH67-labelled exosomes, and blue fluorescence represents cell nuclei. Images of exosomes taken up by GES-1 cells and

the location of exosomes in the cytoplasm around the nucleus.

and membrane-bound IL-6R initiates intracellular signal-
ling. Therefore, we examined the membrane-bound IL-6R
protein levels by performing Western blot analysis. The
total membrane proteins were isolated using a membrane
protein extraction kit. No changes were observed in
the membrane-bound IL-6R protein levels in the GES-1
cells after the Hp exosome treatment (Fig. 3). Thus, Hp
exosomes promote sIL-6R expression in gastric epithelial
cells.

sIL-6R is generated via two independent mechanisms,
i.e. translation from an alternatively spliced mRNA and
limited proteolysis of the membrane-bound protein [24].
A TNF-a protease inhibitor (TAPI) was used as a shed-
ding inhibitor to block the proteolytic cleavage of the
membrane-bound IL-6R [25] and elucidate the mechanism
of the Hp exosome influence on sIL-6R. TNF-a, which
is a known target of TAPI, was used as a positive control

[26]. In our protein array analysis, the Hp exosomes did
not alter TNF-a expression. Therefore, we used LPS to
increase the TNF-a expression, which was verified in our
previous study. TAPI did not inhibit Hp exosome-induced
sIL-6R expression in the GES-1 cells, but the TNF-a
release was blocked. Thus, the Hp exosome-induced soluble
IL-6R protein was generated primarily by the differential
splicing of IL-6R mRNA rather than shedding from the
cell surface via the proteolytic cleavage of membrane-
bound IL-6R.

Identification of cytokines regulated by sIL-6R

IL-6 trans-signalling via sIL-6R has been suggested to act
in a proinflammatory manner via diverse mechanisms,
including the recruitment of mononuclear cells, inhibition
of the differentiation of regulatory T cells and promotion
of inflammatory cytokine expression [27]. We investigated
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group revealed increased expression of IL-1a and sIL-6R. (c) Semi-quantification of scanned antibody arrays. The levels were normalized to internal

positive controls present in the membrane. Semiquantitative levels are represented in the heat map.

whether the increased sIL-6R levels played a key role in
the immune response induced by H. pylori infection and
identified that the inflammatory cytokines were regulated
by sIL-6R in the GES-1 cells. The GES-1 cells were treated
with human sIL-6R recombinant protein (40 ng/ml) and
neutralizing antibodies (NAb) against sIL-6R (40 ng/ml)
with Hp exosomes, and the supernatants were harvested.
An inflammation antibody array of 17 inflammation-related
interleukins was performed, and the sIL-6R recombinant
protein up-regulated the expression of the inflammatory
cytokines IL-5, IL-10, IL-11 IL-1a  (Fig. 4a).
However, the neutralization of sIL-6R only suppressed the
IL-1a levels in the GES-1 cells (Fig. 4b). Thus, the induc-
ible expression of IL-la was specific to sIL-6R regulation

and

in gastric epithelial cells treated with Hp exosomes.

Hp exosomes activate IL-1a expression via sIL-6R,
which is associated with the H. pylori-induced
inflammatory response

The Hp exosomes promoted the expression of IL-la and
sIL-6R, and sIL-6R regulated IL-la secretion in the Hp

344

exosome-treated GES-1 cells. Therefore, we hypothesized
that the Hp exosome-induced activation of IL-la expres-
sion depended upon sIL-6R. We detected the Hp exosome-
induced IL-la mRNA and protein levels following the
sIL-6R neutralizing antibody treatment using real-time
RT-PCR and Western blotting. The sIL-6R neutralization
suppressed the Hp exosome-induced IL-1a mRNA expres-
sion significantly (Fig. 5a). Similar changes were observed
in the IL-1a protein levels in the Western blotting analysis
(Fig. 5b). Thus, the Hp exosome-triggered IL-1a produc-
tion was dependent upon sIL-6R.

In previous studies, IL-la was shown to be proin-
flammatory during the initiation of several major human
diseases [20], including chronic H. pylori infection [28].
Therefore, gastric mucosa samples from 58 children with
chronic gastritis were analysed to verify the association
between IL-la and inflammation in human gastric
mucosa with H. pylori infection. The baseline charac-
teristics of all patients are shown in Table 2. Positive
IL-1a staining was observed in 76-32% (29 of 38) of
the Hp-positive chronic gastritis patients and 30% (six

© 2018 British Society for Immunology, Clinical and Experimental Inmunology, 194: 339-349
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exosomes. rhsIL6R = recombinant human soluble IL-6 receptor. (b) Neutralizing antibodies (40 ng/ml) were used to weaken the effect of sIL-6R. SIL6R-
Nab = neutralizing antibodies against sIL-6R.
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Fig. 5. Interleukin (IL)-1a expression is activated by Helicobacter pylori (Hp) exosomes via soluble IL-6 receptor (sIL-6R) and correlates with the
inflammatory response induced by H. pylori. (a) gastric epithelial cells (GES)-1 cells were incubated with exosomes, recombinant human IL-6R (40 ng/
ml) or neutralizing antibodies (40 ng/ml), and the mRNA level of IL-1a was examined using real-time reverse transcription-polymerase chain reaction
(RT-PCR). rhsIL6R = recombinant human soluble IL-6 receptor; Nab = neutralizing antibodies against soluble IL-6 receptor. *P < 0-05, **P < 0-01. (b)
GES-1 cells were incubated with serum exosomes with or without sIL6R neutralizing antibodies. The protein levels of IL-1a were measured using
Western blotting. sIL6R-Nab = neutralizing antibodies against soluble IL-6 receptor. ***P < 0-001. (c) Expression of IL-1a was determined using
immunohistochemical (THC) staining in the gastric mucosa of chronic gastritis patients. Original magnification x200. Hp(-) = chronic gastritis without
H. pylori infection; Hp(+): chronic gastritis with H. pylori infection. (d) Left: quantification of IL-1a expression using IHC analysis. ***P < 0-001. Right:
increased mRNA expression of IL-1a in chronic gastritis patients with H. pylori infection. The data are shown as 2-ACt. *P < 0-05. (e) The ratios of mild,
moderate and severe inflammation in H. pylori-negative and H. pylori-positive group and IL-1a-negative and IL-1a-positive group.

of 20) of the negative patients (P < 0-05). We performed inflammation in the IL-la-positive group were 20, 43
qRT--PCR to detect the IL-1a mRNA levels in 24 patients and 37%, respectively, and 57, 26 and 17%, respectively,
with chronic gastritis and found that the patients with in the negative group (Fig. 5e). Thus, the IL-1a expres-
H. pylori infection exhibited higher IL-1a mRNA levels sion in gastric mucosa was associated strongly with H.
than the negative patients (P < 0.05) (Fig. 5d). The pylori-induced inflammation, and the Hp exosomes were
ratios of mild, moderate and severe inflammation in related closely to the inflammatory response in the H.
the H. pylori-positive group were 26, 42 and 32%, A hylori-infected gastric mucosa. Hypothetical schematic
respectively, and 60, 30 and 10%, respectively in the of the regulation of IL-la by sIL-6R in GES-1 cells is
negative group. The ratios of mild, moderate and severe shown in Fig. 6.
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Table 2. Baseline characteristics of all patients with chronic gastritis

Exosomes mediate IL-1a by sIL-6R

Characteristic Hp negative (n = 20) Hp positive (n = 38) P-value
Age (years)? 9-80 + 0-807 9-05 + 0-513 0-419
Gender

Male 70% (14/20) 57.9% (22/38) 0408
Female 30% (6/20) 42.1% (16/38) 0408
Chronic inflammation

Mild 60% (12/20) 26.3% (10/38) 0-022*
Moderate 30% (6/20) 42.1% (16/38) 0408
Severe 10% (2/20) 31.6% (12/38) 0-106
Major

dyspeptic symptoms

Epigastric pain 90% (18/20) 94.7% (36/38) 0-602
Acid regurgitation 85% (17/20) 86.8% (33/38) 0-847
Postprandial fullness 90% (18/20) 92.1% (35/38) 0-786
Nausea 80% (16/20) 94.7% (36/38) 0-168
Treatment before diagnosis No No

2 Data are presented as mean + standard error (s.e.). *P < 0-05. Hp = Helicobacter pylori.

= P 4 IL-6
Hp S

B4
Hp

"4

gp130p w» o

o
IL-6 trans-signaling = %020
IL-1a

Inflammation

Fig. 6. Hypothetical schematic of the regulation of interleukin (IL)-1a
by soluble interleukin-6 receptor (sIL-6R) in gastric epithelial cells
(GES)-1 cells in response to Helicobacter pylori (Hp) exosome
treatment.

Discussion

Intercellular communication is performed via a variety of
mechanisms, such as direct cell-to-cell contact, transfer
of secreted molecules and the intercellular transfer of EVs.
Exosomes are small vesicles (40-150 nm) produced by
many cell types, including immune cells, tumour cells and
epithelial cells, under physiological and pathological condi-
tions. Exosomes play a vital role in inflammation-associated
pathologies [29]. In a recent study, serum-derived exosomes
from CagA-positive H. pylori-infected patients were shown
to be involved in the pathogenesis of H. pylori infection,
particularly in the development of extragastric disorders
in these patients [10]. In this study, we investigated the
effect of circulating serum exosomes on the production
of inflammatory cytokines during the mucosal inflamma-
tory response after H. pylori infection.

We observed that the serum exosomes from the patients
with H. pylori infection were taken up by the gastric
epithelial cells and that the exosomes activated sIL-6R
expression. IL-6 is a four-helical cytokine that is involved
in the co-ordination of the innate and acquired immune
response [30]. IL-6 binds IL-6 receptors (IL-6R) on target
cells. The soluble form of IL-6R (sIL-6R) comprises the
extracellular portion of the receptor that binds IL-6 with
a similar affinity to the membrane-bound IL-6R. This
process is called trans-signalling. Soluble IL-6R is gener-
ated via the proteolytic cleavage of the membrane-bound
protein or translation from an alternatively spliced mRNA.
The IL-6R in human circulation is derived predominantly
from the former mechanism, and only a small amount
is generated from alternative splicing [31,32]. However,
in our study, the Hp exosome-induced soluble IL-6R was
generated primarily via differential splicing by an unknown
mechanism.

The classic signalling by the membrane-bound IL-6R
is regenerative and protective, and IL-6 trans-signalling
by sIL-6R is proinflammatory [19]. We identified the
cytokines regulated by sIL-6R following exosome treat-
ment in GES-1 cells. sIL-6R exerted a strong effect on
IL-la expression and secretion. Furthermore, sIL-6R
affected the secretion of other cytokines, including IL-5,
IL-10 and IL-11. However, the neutralization of sIL-6R
did not suppress the over-expression of these cytokines.
In conclusion, sIL-6R may be a multi-functional cellular
factor in the immune response. In the protein array, the
Hp exosomes only up-regulated IL-la secretion but did
not influence IL-5, IL-10 or IL-11 expression. Therefore,
the Hp exosome-induced IL-1a upregulation was specific
to sIL-6R regulation in gastric epithelial cells. Our study
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is the first report, to our knowledge, to demonstrate the
relationship between IL-1a and sIL-6R in gastric epithelial
cells during H. pylori infection.

The interleukin (IL)-1 family comprises the following
11 members that exhibit pleiotropic functions and apical
regulation of inflammation: IL-la, IL-1p, IL-18, IL-33,
IL-36q, IL-36, IL-36Y, IL-1R antagonist (IL-1Ra), IL-36Ra,
IL-37 and IL-38 [20,33]. IL-1a is expressed constitutively
in immune, epithelial and stromal cells, and numerous
stimuli regulate its expression in haematopoietic and non-
haematopoietic cells [34-37]. IL-1a exhibits a proinflam-
matory effect as the initiator of many human diseases,
including inflammation and cancer. IL-la up-regulation
leads to consequences during the early stages of H. pylori
infection in cats, and the response is similar to that in
infected people, particularly children [28]. Furthermore,
IL-1a over-expression in the gastric mucosa correlated
with the H. pylori-induced inflammation in children.

In summary, our results are the first to demonstrate
that serum exosomes derived from chronic gastritis patients
infected with H. pylori promote the expression of the
proinflammatory cytokine IL-la via IL-6/sIL-6R trans-
signalling in gastric epithelial cells. These results improve
our understanding of exosomes and IL-6 signalling and
provide new insight into the immunological mechanisms
of H. pylori-associated inflammatory responses.
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