
INFECTION AND IMMUNITY, Feb. 2010, p. 845–853 Vol. 78, No. 2
0019-9567/10/$12.00 doi:10.1128/IAI.00524-09
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Helicobacter pylori Stimulates Dendritic Cells To Induce Interleukin-17
Expression from CD4� T Lymphocytes�

Wafa Khamri,1* Marjorie M. Walker,2 Peter Clark,3 John C. Atherton,4 Mark R. Thursz,5
Kathleen B. Bamford,6 Robert I. Lechler,1† and Giovanna Lombardi1†

Department of Nephrology and Transplantation, Kings College London School of Medicine, Guy’s Hospital Campus, London,
United Kingdom1; Department of Histopathology, Division of Investigative Science, Faculty of Medicine, Imperial College London,

London, United Kingdom2; Leucocyte Biology, National Heart and Lung Institute, Imperial College London, London,
United Kingdom3; Wolfson Digestive Diseases Centre and Institute of Infections, Immunity, and Inflammation,

University of Nottingham, Nottingham, United Kingdom4; Gastroenterology and Hepatology Research,
Faculty of Medicine, Imperial College, St. Mary’s Campus, London, United Kingdom5; and

Department of Infectious Diseases and Microbiology, Division of Investigative Science,
Faculty of Medicine, Imperial College London, London, United Kingdom6

Received 11 May 2009/Returned for modification 24 June 2009/Accepted 25 September 2009

Helicobacter pylori is a human gastroduodenal pathogen that leads to active chronic inflammation charac-
terized by T-cell responses biased toward a Th1 phenotype. It has been accepted that H. pylori infection induces
a Th17 response. At mucosal sites, dendritic cells (DCs) have the capacity to induce effector T cells. Here, we
evaluate the role of DCs in the H. pylori-induced interleukin-17 (IL-17) response. Immunohistochemistry and
immunofluorescence were performed on human gastric mucosal biopsy samples and showed that myeloid DCs
in H. pylori-infected patients colocalized with IL-23- and that IL-17-producing lymphocytes were present in H.
pylori-infected antral biopsy samples. In parallel, human monocyte-derived DCs stimulated in vitro with live H.
pylori cells produced significant levels of IL-23 in the absence of IL-12 release. The subsequent incubation of
H. pylori-infected DCs with autologous CD4� T cells led to gamma interferon (IFN-�) and IL-17 expression.
The inhibition of IL-1 and, to a lesser extent, IL-23 inhibited IL-17 production by T cells. Finally, isogenic H.
pylori mutant strains not expressing major virulence factors were less effective in inducing IL-1 and IL-23
release by DCs and IL-17 release by T cells than parental strains. Altogether, we can conclude that DCs are
potent inducers of IL-23/IL-17 expression following H. pylori stimulation. IL-1/IL-23 as well as H. pylori
virulence factors seem to play an important role in mediating this response.

Gram-negative Helicobacter pylori is a gastroduodenal
pathogen identified as being the causative agent of a variety of
disease including gastritis, peptic ulcer, gastric adenocarci-
noma, and mucosa-associated lymphoma (23, 27, 41, 42). H.
pylori infection of gastric mucosa leads to active chronic in-
flammation characterized by both a lymphocytic and neutro-
phil infiltrate with the induction of proinflammatory cytokines,
mainly interleukin-1� (IL-1�), tumor necrosis factor alpha
(TNF-�), IL-8, and IL-6 (13, 29).

The H. pylori-specific gastric mucosal T-cell response is pre-
dominantly a CD4� T-cell response polarized toward a T-
helper 1 (Th1) phenotype with increased levels of gamma
interferon (IFN-�) (4, 38, 55). Although profound, this im-
mune response does not clear the bacteria, and indeed, the
cytokines secreted are more associated with pathogenesis (38,
45). Furthermore, neutrophil responses are associated with
tissue damage and ulceration (7, 60). The release of the neu-
trophil chemoattractant IL-8 by gastric epithelial cells was pre-
viously shown to depend on the expression of an H. pylori

virulence factor: the cytotoxin-associated gene (cag) pathoge-
nicity island (PAI) (14, 62). The cag PAI encodes the immu-
nodominant protein CagA and the type IV secretion system,
which serves to transfer the bacterial CagA protein and other
soluble factors, such as peptidoglycans, to the cytoplasm of the
host cell (9, 52). Strains expressing the cag PAI have been
associated with a more severe inflammatory response than that
induced by cag PAI-negative strains (12). The cellular recog-
nition of cag PAI-positive strains is mediated via signaling
through the host-intracellular pathogen recognition molecule
NOD1 (nucleotide-binding oligomerization domain 1), leading
to NF-�B activation and the induction of proinflammatory
responses (58).

It was previously shown that H. pylori infection is also asso-
ciated with a marked production of Th17 cytokines (2, 39, 44).
By using real-time PCR and Western blotting, it was previously
demonstrated that IL-17, a proinflammatory cytokine, is up-
regulated in H. pylori-infected stomach biopsy specimens in
comparison to uninfected specimens (39). IL-17 is a cytokine
that characterizes a distinct population of T cells, namely,
Th17 (1, 28). IL-17 has been associated with chronic inflam-
matory conditions such as rheumatoid arthritis (10) and mul-
tiple sclerosis (37). In addition, IL-17 proinflammatory func-
tion leading to IL-8 stimulation raises the possibility that IL-17
may play a role during bacterial infections (39, 57). Major
cytokines associated with the differentiation of human Th17
cells were identified to be IL-23, IL-1�, and IL-6 (11, 61).
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While IL-12 plays a key role in the differentiation of naïve T
cells to Th1 cells, IL-23 promotes the expansion of Th17 cells.
In contrast, IL-27, another IL-12 family member, has been
shown to limit the development of Th17 cells (25). IL-12 and
IL-23 are heterodimers with a shared subunit, p40. Both IL-23
and IL-12 are produced by activated antigen-presenting cells
(APCs) such as DCs and macrophages (48, 53).

DCs, which play a central role in the induction of adaptive
immune responses, are widely distributed in tissues, including
gastrointestinal mucosa (32, 33), and were previously shown to
be capable of migrating through epithelial tight junctions to
gain access to the gastrointestinal lumen (33, 49). Further-
more, we and others have shown that H. pylori interactions with
DCs trigger maturation and activation events that lead to the
production of cytokines, which are important for the induction
and regulation of immune responses (5, 18, 34, 43, 46).

Previous studies of DC activation by H. pylori have focused
on the induction of the Th1-biased response. Much less is
known about the mechanism of induction as well as the cells
and cytokine stimuli responsible for the expression of IL-17 in
Helicobacter infection. Here, we have reevaluated the role of
DCs in the induction of immune responses to Helicobacter
infection by addressing the interaction of H. pylori-infected
DCs with CD4� T lymphocytes in initiating a Th17 response.

MATERIALS AND METHODS

Helicobacter pylori and growth conditions. H. pylori strains used were Cag
PAI-positive H. pylori 26695 (NCTC12455), 84-183 (ATCC 53726), and 84-183
cagA and cagE isogenic mutants (5, 50). The strains were grown for 48 h on solid
medium based on Columbia base agar (Oxoid Ltd., United Kingdom) supple-
mented with 10% (vol/vol) laked horse blood (Oxoid Ltd., United Kingdom)
under a microaerobic atmosphere generated by Anaerocult C (Oxoid Ltd.,
United Kingdom). The number of bacteria was determined by the absorption at
A550, with 0.8 optical density (OD) units corresponding to 108 CFU/ml. For the
coculture experiments, the bacterial cells were used at a multiplicity of infection
of 10 (26).

Generation of human monocyte-derived dendritic cells. Peripheral blood
mononuclear cells (PBMCs) were isolated from buffy coats (National Blood
Transfusion Centre, South Thames, United Kingdom) through Ficoll-Paque
(PAA Laboratories Ltd., United Kingdom) gradient centrifugation. Monocyte-
derived DCs were generated from CD14� cells isolated by using CD14 beads
(Miltenyi Biotec, Surrey, United Kingdom) as previously described (43). The
purity of cells was greater than 96%. DCs were generated after 6 days of culture
in the presence of recombinant human (rHu) IL-4 and granulocyte-macrophage
colony-stimulating factor (rHu GM-CSF) (43). Immature DCs were routinely
characterized by the expression of CD1a, CD11c, HLA-DR, CD80, CD83, CD86,
CD40, and CD14 by using fluorescein isothiocyanate (FITC)-conjugated mouse
anti-human monoclonal antibodies (MAbs) (Caltag Laboratories, United King-
dom).

DC stimulation and coculture with CD4� T cells. Autologous CD4� T lym-
phocytes were purified from the CD14-negative population through negative
selection as previously described (43). Briefly, CD4� T cells were negatively
selected by using a cocktail of antibodies against CD8, CD45RO, CD33 (Caltag),
CD14, CD16, CD19, CD56 (Diaclone Research, Besaucon, France), and ��-T-
cell receptor (TCR) (Becton Dickinson). The labeled cells were removed by
using BioMag goat anti-mouse IgG Fc (Qiagen, Germantown, MD). Naïve T-cell
purity was analyzed by flow cytometry. CD4� cells were more than 98% pure.
DCs were collected on day 6 of culture in RPMI medium supplemented with
10% fetal calf serum (FCS) and 2 mmol/liter L-glutamine. Viable-cell counts
were determined by trypan blue exclusion. DCs were cocultured with H. pylori at
a 1:10 (DC-to-H. pylori cell) ratio, which was selected as the optimal ratio for DC
maturation and proinflammatory cytokine secretion following a dose-dependent
response (ranging from a 1:1 to a 1:100 DC-to-H. pylori cell ratio). Lipopolysac-
charide (LPS) from Escherichia coli (serotype O55:B50) (Sigma, United King-
dom) was used at 100 ng/ml as a positive control for DC maturation. H. pylori-
stimulated DCs were collected for RNA extraction or subsequent incubation
with CD4� T cells.

H. pylori-stimulated DCs and coculture with CD4� T cells. H. pylori-stimulated
DCs were collected and washed twice in RPMI medium. Supernatant from H.
pylori-stimulated DCs was collected for cytokine analyses, whereas the stimulated
cells were then cultured with CD4� T cells at a 1:10 (DC-to-CD4�) ratio for 5
days. The ratio was selected as optimal for cytokine secretion. Cells and super-
natants were then collected for RNA extraction and cytokine analyses, respec-
tively. In addition, cells were collected for intracellular cytokine staining (ICS).

Intracellular cytokine staining and FACS. Day 5 H. pylori-stimulated DC
cocultures with CD4� T cells were restimulated with 4�-phorbol 12-myristate
13-acetate (PMA) (50 ng/ml) and ionomycin (1 �g/ml) (Sigma, United Kingdom)
in the presence of monensin at 3 �M (Insight Biotech, United Kingdom). Cells
were surface stained for CD3� using mouse anti-human phycoerythrin (PE)-
conjugated CD3 antibody (Caltag, United Kingdom). The cells were then fixed
in 4% paraformaldehyde and permeabilized in 0.1% (wt/vol) saponin in 1%
FCS–phosphate-buffered saline (PBS) followed by intracellular staining for
IFN-� and IL-17 by the addition of mouse anti-human allophycocyanin-conju-
gated IFN-� (Insight Biotech, United Kingdom) and Alexa Fluor 488-conjugated
IL-17 (Insight Biotech, United Kingdom), respectively. PE-IgG1, APC-IgG1,
and Alexa Fluor 488-IgG1 were used as isotype controls. Cells were washed prior
to immediate fluorescence-activated cell sorting (FACS) analyses. Three-color
flow cytometric analyses were performed by using a FACSCalibur flow cytome-
ter, and data were analyzed by using CELLQuest software (Becton Dickinson).
A total of 10,000 gated events were analyzed for each cell population.

RNA extraction and RT-PCR. RNA was extracted from CD4� T cells cocul-
tured with H. pylori-stimulated DCs by using an RNAaquous extraction kit
(Ambion, Applied Biosystems, United Kingdom) according to the manufacturer’s
protocol. Reverse transcription (RT)-PCR was performed on the extracted RNA
by using a RETROscript kit (Ambion, Applied Biosystems, United Kingdom)
according to the manufacturer’s instructions.

Quantification of IL-12/IL-23 and IL-17 expression by real-time PCR. The
real-time expression of IL-23/IL-12 and IL-17 was measured by TaqMan gene
expression assays from Applied Biosystems using IL-12-specific subunit p35
(IL-12A; assay identification number Hs00168405_m1), IL-23-specific subunit
p19 (IL-23A; assay identification number Hs00372324_m1), IL-12/23 common
subunit p40 (IL-12B; assay identification number Hs00233688_m1), and IL-17
(assay identification number Hs00174383_m1). Human �-actin (assay identification
number Hs00242273_m1) was used as the endogenous control. Quantitative ampli-
fication was carried out according to the manufacturer’s instructions by using a
Chromo 4 real-time PCR detector (MJ Research, Bio-Rad, Hertfordshire, United
Kingdom). Gene expression levels were normalized to that of �-actin and expressed
as �		CT (		CT 
 	CTstimulated cells � 	CTunstimulated cells).

Effect of cytokines on IL-17 secretion. Cytokines secreted from CD4� T cells
stimulated with H. pylori-treated DCs were blocked by the addition of 10 �g/ml
of the following cytokine-neutralizing monoclonal antibodies during coculture of
CD4� T cells and H. pylori DCs: anti-TNF-�, anti-IL-4, anti-IFN-�, anti-IL-6,
anti-transforming growth factor � (TGF-�) (R&D Systems, United Kingdom),
and anti-IL-23 (Insight Biotech, United Kingdom). IL-1 receptor antagonist (10
�g/ml) (kindly provided by K. Ray, GlaxoSmithKline, Stevenage, United King-
dom) was used to block the effect of IL-1. Blocking antibodies (goat IgG and
mouse IgG isotypes) used in this study were referenced blocking antibodies from
the manufacturers and were selected based on data from previously published
reports (20, 21). Supernatants were collected after 5 days of incubation and
tested for IL-17 and IFN-� secretion by using an enzyme-linked immunosorbent
assay (ELISA).

ELISA and MSD multiplex cytokine detection system. The collected superna-
tants were tested for IL-23 and IL-12 secretion by using human IL-23 and IL-12
Ready-Set-Go ELISA (Insight Biotech, United Kingdom). A DuoSet ELISA kit
was used to test for IL-17 and IFN-� secretion (R&D Systems, United Kingdom).
All ELISA experiments were performed in triplicate and according to the manu-
facturer’s instructions. IL-1� was assessed by using the Meso Scale Discovery
(MSD) detection system (Gaithersburg, MD) according to the manufacturer’s
instructions. The results were read by using the Sector Imager 6000 apparatus
(Gaithersburg, MD).

Immunohistochemical analysis for detection of myeloid DCs. Immunohisto-
chemical analysis was performed on frozen antral gastric biopsy specimens from
patients undergoing upper gastrointestinal endoscopy for dyspepsia after ethical
committee approval and written consent. Patients were selected if they were over
the age of 18 years and diagnosed with dyspepsia. Patients who had been on
proton pump inhibitors or antibiotics within the previous 3 months were ex-
cluded. Biopsy sections from the patients were fixed in formalin, embedded in
paraffin, and stained with Giemsa and hematoxylin and eosin (H&E) reagents
prior to microscopic examination for the presence of the H. pylori and gastritis.
All patients had chronic active gastritis that was demonstrated histologically. H.
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pylori positivity was assessed histologically and by using the Campylobacter-like
organism (CLO) test (a standard urease-based test). Uninfected patients, con-
firmed by a negative CLO test and the absence of H. pylori organisms by histol-
ogy, were used as controls. Sections were cut at 5 �m. Frozen sections were
stained for the presence of myeloid DCs with mouse anti-human monoclonal
antibody CD1c (BDCA-1) (Miltenyi Biotec, United Kingdom). Staining was
demonstrated by using a routine avidin-biotin-horseradish peroxidase system.

Immunofluorescence and confocal microscopy. Fresh material from antral
biopsy samples was imbedded in optimal cutting temperature compound (OCT;
VWR International, United Kingdom). Cryosectioning was performed at 7 �m.
Primary antibodies were applied in pairs of rabbit anti-human IL-17 (Insight
Biotech, United Kingdom) and mouse anti-human CD3 (Insight Biotech, United
Kingdom), and mouse anti-human CD1c (BDCA-1) (Miltenyi Biotech, United
Kingdom) and rabbit anti-human IL-23 (Insight Biotech, United Kingdom). This
was followed by incubation with fluorescently conjugated secondary antibodies
(Alexa Fluor 488 goat anti-mouse and Alexa Fluor 568 anti-rabbit [both from
Molecular Probes, United Kingdom]). For nonspecific staining, a parallel set of
sections was incubated with a mixture of equivalent rabbit and mouse IgGs
(Vector Laboratories, United Kingdom) in place of the primary antibodies. The
sections were analyzed by using a Leica TCS-NT laser scanning confocal micro-
scope (Leica Microsystems, Germany). Where comparisons of staining levels
were made, confocal settings were kept constant.

Statistical analysis. Data were statistically analyzed by using the Student t test
when normally distributed or by using the Mann-Whitney U test for nonpara-
metric data. Statistical significance was assumed for P values of less than 0.05. All
analyses were performed by using SPSS 14 software.

RESULTS

Detection of myeloid dendritic cells. The recruitment of DCs
during H. pylori infection was previously shown for murine
models (31). To underline the importance of myeloid DCs in
humans, we investigated the presence of myeloid DCs in gas-
tric mucosal biopsy specimens of H. pylori-infected patients by
immunohistochemistry. Frozen sections of endoscopic gastric

mucosal biopsy specimens were stained by using myeloid DC
marker CD1c (BDCA-1). Myeloid DCs were detected with
clear dendritic cell-like extensions between the epithelial cells
(Fig. 1). Dendritic cells were not detected in uninfected biopsy
samples (data not shown for immunohistochemistry; unin-
fected sections are shown in Fig. 3E when tested for the pres-
ence of myeloid DCs using fluorescent staining).

H. pylori-treated DCs induce IL-23 expression. IL-23 has
been reported to positively regulate IL-17 production by pro-
moting Th17 cell population survival and expansion. Our focus
on the role of DCs in the induction of IL-17 in H. pylori
infection was based on our previous work showing that para-
formaldehyde-fixed H. pylori-treated DCs express IL-23 (43).
Here, we analyze the kinetics of IL-23/IL-12 mRNA expression
in live H. pylori-infected DCs.

H. pylori cells were cocultured with DCs for 30 min, 120 min,
16 h, 48 h, 72 h, and 5 days for real-time analyses. LPS from E.
coli, a well-known inducer of DC maturation, was used as a
control for DC function (3, 22, 43). Real-time PCR was per-
formed to analyze the expression of the common subunit p40,
which combines with either the p35 or the p19 subunit to form
a functional IL-12 or IL-23, respectively. As shown in Fig. 2A,
there was no induction of the IL-12-specific p35 subunit at 30
min after incubation of DCs with H. pylori. At this time point,
although there was no increase in levels of the IL-12 p35
subunit, the p19 subunit was already upregulated in H. pylori-
treated DCs. The p19 expression levels at the different time
points were consistently higher in H. pylori-stimulated DCs
than in DCs treated with LPS (Fig. 2B). At its highest (over-
night stimulation), the level of expression of the p19 subunit in

FIG. 1. Myeloid DCs are detected in H. pylori-infected human gastric mucosa. Shown is the immunohistochemistry of H. pylori-positive gastric
stomach biopsy sections. Antral gastric biopsy sections were stained for the presence of myeloid DCs with mouse anti-human monoclonal antibody
CD1c (BDCA-1) (Miltenyi Biotec, Surrey, United Kingdom) (original magnification, �100).
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H. pylori-treated DCs was significantly 3.5-fold higher than that
of the LPS-treated DCs (P 
 0.002) (Fig. 2A and B). On the
other hand, the p35 subunit was 3.2-fold-more expressed in the
LPS-treated DCs (P 
 0.003) (Fig. 2B). The common subunit
p40 was expressed similarly from both LPS- and H. pylori-
treated DCs. Taken together, these results suggest that H.
pylori cells elicit a robust expression of IL-23 from DCs and a
low level of induction of IL-12.

To verify that IL-23 and IL-12 were indeed being produced,
ELISAs were performed. IL-23 production was detectable

from 8 h postincubation, peaked at 24 h, and started to decline
thereafter (Fig. 2C). In line with the real-time analyses, LPS
seemed to trigger no or a very low level of expression of IL-23
(Fig. 2C) and high levels of IL-12 in comparison to H. pylori-
stimulated DCs (Fig. 2D). Accordingly and unless otherwise
stated, for all subsequent experiments, DCs were preincubated
overnight with H. pylori.

IL-23-positive myeloid DCs are present in gastric mucosal
biopsy samples from H. pylori-infected patients. We sought to
investigate whether our in vitro findings that H. pylori stimula-
tion of myeloid DCs induces IL-23 secretion could be detected
in human gastric mucosal specimens. Here, we demonstrate
that CD1c (myeloid DC marker) expression is colocalized with
IL-23 production in H. pylori-infected biopsy samples (Fig. 3A,
B, and C). Uninfected controls showed no presence of myeloid
DCs or IL-23 secretion (Fig. 3D, E, and F).

H. pylori-treated DCs are potent inducers of IL-17 expres-
sion from CD4� T cells. IL-17 expression in H. pylori-infected
patients was previously detected by using Western blot and
RNA analyses (39). In our study, double immunofluorescence
staining and confocal microscopy analyses were performed to
assess the site of IL-17 expression at the cellular level by using
rabbit anti-human IL-17-specific antibody. For H. pylori-posi-
tive patients, the IL-17 protein was detected in lymphoid cells
(Fig. 4A, B, and C).

Based on our data showing that H. pylori induces IL-23
expression in DCs together with the immunostaining detection
of IL-17 expression in lymphoid cells, we next wished to de-
termine whether H. pylori-stimulated DCs are capable of in-
ducing IL-17 expression from autologous CD4� T cells. CD4�

T cells were selected, as they represent the predominant com-
ponent of the gastric infiltrates following H. pylori infection of
humans and animal models (16, 17, 29, 45).

ICS showed that both IL-17 and IFN-� were detectable in
CD4� T cells stimulated for 5 days with H. pylori-infected DCs
(Fig. 5A). Proportions of IL-17-producing cells were signifi-
cantly higher following stimulation with H. pylori-infected DCs
than for unstimulated DCs (P 
 0.001) (Fig. 5B).

FIG. 2. H. pylori induces IL-23 expression in DCs. (A and B) Ki-
netics of IL-12/IL-23 expression from H. pylori (A)- and LPS (B)-
stimulated DCs assessed by real-time PCR. Data are expressed as
means � SEM and are representative of five independent experiments;
each experiment was done in triplicate. (C) Supernatants collected
from H. pylori- and LPS-stimulated DCs at 1, 8, 24, 48, and 72 h and
5 days at a 1:10 DC-to-H. pylori cell ratio and 100 ng/ml LPS were
analyzed by ELISA for IL-23 production. (D) Supernatants collected
from H. pylori- and LPS-stimulated DCs at 8, 24, and 48 h at a 1:10
DC-to-H. pylori cell ratio and 100 ng/ml LPS were analyzed by ELISA
for IL-12 production. Data are expressed as means � SEM and are
representative of five independent experiments.

FIG. 3. Costaining of the myeloid cell marker CD1c (BDCA-1)
(green) and IL-23 (red) in gastric antral biopsy samples. Confocal
microscopy after immunofluorescence costaining showed that in sam-
ples from H. pylori-infected patients (A, B, and C), CD1c� cells express
IL-23 and thus appear yellow (arrows). (The yellow box in the top right
corner of C is a zoomed section of the costaining indicated by the
dashed arrow.) For uninfected patients (D, E, and F), no myeloid DC
infiltrates were seen, and no IL-23 expression was detected. (The
staining shown is representative of 3 biopsy samples from 3 H. pylori-
infected and 3 uninfected patients.)
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IL-17 expression was confirmed by real-time PCR and
ELISA. The detection of RNA following 24 h of coculture
showed that H. pylori-treated DCs induced significant levels of
IL-17 from CD4� T cells compared to untreated DCs (P 

0.001) (Fig. 5C).

ELISA results correlated with the real-time data confirming
the expression of IL-17 at the protein level. The expression was
detectable at 48 h, increased after 3 days, and reached the
highest level at 5 days (87.704 � 17.52 pg/ml [mean of 7
independent experiments � standard error of the mean
{SEM}]). LPS-stimulated DCs induced virtually undetectable
levels of IL-17, which was in line with previously reported data
(11).

IL-1 and IL-23 are the most potent cytokines involved in H.
pylori-mediated IL-17 production. IL-23, IL-1�, and IL-6 are
key factors in human Th17 cell development (11, 61). We
investigated the role of these cytokines and other major H.
pylori-DC-derived cytokines (6, 35) in the induction of IL-17
protein production. H. pylori-stimulated DCs were cocultured
with CD4� T cells in the presence of neutralizing antibodies,
namely, anti-TNF-�, anti-IL-23, anti-IFN-�, and anti-IL-6. As
IL-1� and IL-1� bind to the same cell surface receptor (IL-
1R), which mediates their biological activity (54), we decided
to use an IL-1 receptor antagonist to block IL-1 receptor sig-
naling. Anti-IL-4 was used as a control. The role of TGF-� in
IL-17 differentiation is controversial, with some reports sug-
gesting that neutralizing antibodies to TGF-� lead to an inhi-
bition of the IL-17 response (40, 59) and others demonstrating
that the presence of TGF-� inhibits Th17 differentiation (11,
61). We therefore tested the role of TGF-� in our system by
using an anti-TGF-� neutralizing antibody. The most signifi-
cant inhibitory effect was seen in the presence of IL-1 receptor
antagonist (P  0.0005) (Fig. 6). Anti-IL-23 caused a signifi-
cant decrease in IL-17 production (P 
 0.002) (Fig. 6). Neu-
tralizing antibodies to TNF-�, IL-4, IFN-�, IL-6, and TGF-�

FIG. 5. H. pylori induces IL-17 expression from CD4� T cells.
(A) ICS of CD4� T cells following coculture with H. pylori-stimulated
DCs. At 5 days after coculture, CD4� T lymphocytes in the presence
of H. pylori-treated DCs were restimulated with PMA and ionomycin
in the presence of monensin. Cells were stained for surface markers
using anti-CD3-PE and for intracellular cytokines using IL-17–Alexa
Fluor 488 (top left) and IFN-�–APC (top right). Isotype controls used
were IgG-Alexa Fluor 488 and IgG-APC (bottom left and right, re-
spectively). (B) Comparison of cumulative data for ICS from CD4� T
cells stimulated with untreated or H. pylori-treated DCs (P 
 0.001)
(n 
 7). (C) IL-17 expression from cocultures of H. pylori-treated DCs
or unstimulated DCs with CD4� T cells assessed by real-time PCR
(cumulative data from 7 experiments) shows a significant increase in
numbers of H. pylori-treated DCs compared to untreated DCs (P 

0.0002). The relative expression level of IL-17 is expressed as ���CT.
(Hp:DC, H. pylori-stimulated DCs).

FIG. 4. Confocal microscopy after double immunofluorescence la-
beling of CD3 (green) and IL-17 (red). The arrows show the colocal-
ization of CD3� and IL-17 (in yellow) seen in H. pylori-infected gastric
mucosal biopsy samples (A, B, and C). In uninfected patients, although
CD3� cells were present, they appeared to be few in number and did
not express IL-17 (D, E, and F) compared to the infected samples.
(The staining is representative of biopsy experiments from 3 H. pylori-
positive and 3 negative patients.)
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(Fig. 6) and higher concentrations of all antibodies did not
have an effect on IL-17 production.

IL-17 induction requires an active cagA and type IV secre-
tion system. To evaluate any potential contribution of H. pylori
virulence factors to IL-17 production, H. pylori 84-183 and its
cagA and cagE isogenic mutants were tested. Following over-
night culture, the phenotypic response of DCs to these bacte-
rial cells was monitored. Maturation surface markers (CD86,
CD40, and HLA-DR) were all upregulated compared to un-
stimulated DCs (Table 1). The cells showed no major differ-
ences in the expression profiles among the three bacterial
preparations (Table 1). When tested for IL-17 and IFN-� pro-
duction by cocultured autologous CD4�T cells, the strain lack-
ing CagA expression showed a marked decrease in the induc-
tion of IL-17 production by CD4� T cells compared to the
parental strain (P 
 0.01) (Fig. 7A). Notably, an almost com-
plete inhibition was detected following stimulation with the
cagE mutant (P 
 0.008) (Fig. 7A). However, there was a less
pronounced effect on IFN-� production by CD4� T cells stim-
ulated with DCs preincubated with these bacterial cells (Fig.
7B). Interestingly, when cytokines produced by the DCs in
response to the parental cells were compared to those pro-
duced in response to the mutant bacterial cells, both IL-1� and
IL-23 seemed to be produced with a pattern similar to that of
IL-17 production; i.e., the smallest amounts of IL-1� and IL-23
production were seen in the CagE mutant-stimulated DCs
(Fig. 7C and D), with differences in IL-23 production reaching
statistical significance (Fig. 7D).

DISCUSSION

In this study, we provide evidence for the presence of my-
eloid DCs in the stomach of H. pylori-infected individuals. We
also report for the first time the presence of IL-23-secreting
CD1c� DCs in H. pylori-infected gastric specimens. We also
report a new role for DCs in the recognition of H. pylori by
demonstrating their capacity to direct a Th17 response against

this pathogen and show the presence of IL-17-secreting lym-
phocytes in the gastric mucosa during H. pylori infection.

We found previously that fixed H. pylori-stimulated DCs are
capable of inducing IL-23 expression (43). We have further
expanded this finding by assessing the kinetics of this expres-
sion at the protein and RNA levels by using live H. pylori-
infected DCs. Our data indicate that myeloid DCs are a potent
source of functional heterodimeric IL-23, as they produce both
the common (p40) and the specific (p19) subunits at high
levels. Our results are consistent with data from a recent report
by Caruso and colleagues showing that IL-23 is overexpressed
in H. pylori-infected patients and that its secretion is able to
sustain IL-17 production (8). In contrast to a number of re-
ports that had detected IL-12 production from H. pylori-in-
fected DCs (26, 34) and although not consistent with the H.
pylori Th1-associated response, we did not observe any detect-
able IL-12 production from H. pylori-stimulated DCs in our
system. Interestingly and in line with our findings, Kao and
colleagues have shown that H. pylori-secreted factors inhibit
IL-12 secretion from dendritic cells (31). Having used live
bacteria in our study, the previous report by Kao et al. seems
to provide a plausible explanation for our observation. Never-
theless, we previously reported that low levels of IL-12 from H.
pylori-stimulated DCs can be induced following CD40 ligation
(43). Furthermore, other cells at the site of infection, such as
macrophages and neutrophils, are capable of producing addi-
tional IL-12 (15, 56) and therefore provide the environment
for Th1 development.

Our study shows that H. pylori-stimulated DCs subsequently
activate autologous CD4� T cells and induce IL-17 production.
IL-17 proinflammatory activity is required to clear bacterial
infections at mucosal surfaces, including the intestine and air-
way (30, 36, 63). In the case of H. pylori, Mizuno et al. showed
previously that infection with H. pylori is associated with IL-17
production at the site of infection (44). Our data provide fur-
ther evidence for the presence of IL-17-secreting T lympho-
cytes in H. pylori-colonized human gastric mucosa. The gastric
expression of IL-17 was also detected in H. pylori-infected mice
(2). It was previously suggested that through the induction of
IL-8 expression, IL-17 plays a role in maintaining and expand-
ing the acute inflammatory response during H. pylori infection
(39, 51). With regard to disease outcome, IL-17 production
seems to be associated with ulcerogenesis (44).

For humans, IL-1� and IL-23 were previously reported to be
the most potent cytokines for controlling the expansion and

TABLE 1. Upregulation of DC maturation markers following
overnight stimulation with H. pylori strain 84-183 and its isogenic

mutants determined by FACS analysesa

Maturation marker
% of cells (MFI)

CD86 CD40 HLA-DR

H. pylori
84-183 parental strain 85.1 (121) 94.3 (139.9) 89.3 (65.4)
84-183 CagA mutant 92 (143) 91.4 (158) 87.3 (60.6)
84-183 CagE mutant 89.7 (125.2) 92 (145.9) 87.6 (75.8)

Unstimulated DCs 51.3 (86) 82 (88.7) 79 (50.3)

a Data are representative of three independent experiments. MFI, mean flu-
orescence intensity.

FIG. 6. IL-1 and IL-23 influence IL-17 production from CD4� T
cells stimulated with H. pylori-treated DCs. Shown is the effect of
cytokine neutralizing antibodies on the expression of IL-17. IL-17
expression was assessed by using ELISA on supernatants collected on
day 5 from cocultured CD4� T cells with H. pylori-stimulated DCs in
the presence or absence of anti-TNF-�, anti-IL-23, anti-IFN-�, anti-
IL-6, anti-IL-4, IL-1 receptor antagonist, and anti-TGF-� (all used at
10 �g/ml) (data are representative of 3 independent experiments).

850 KHAMRI ET AL. INFECT. IMMUN.



maintenance of Th17 cells (61). In addition to IL-23, IL-1� is
a well-recognized cytokine in H. pylori infection with profound
effects on gastric physiology (47). Previously reported studies
have linked host IL-1 gene polymorphism, which is associated
with an enhanced production of IL-1�, to H. pylori-related
gastric carcinoma development (19). In our system, we found
that IL-1 and IL-23 seem to be the main players in the induc-
tion of the observed IL-17 production. This is consistent with
data from a recent report showing that IL-23 contributes to
sustaining IL-17 production in H. pylori-infected gastric mu-
cosa (8). This further emphasizes the need to dissect the role of
Th17 cells in H. pylori-associated pathology, particularly in
relation to the development of gastric cancer itself.

In addition to the role of the secreted cytokines, we showed
that H. pylori virulence factors are key elements in the induc-
tion of IL-17 production. Despite the induction of similar lev-
els of DC maturation, cag PAI-positive strains, more fre-
quently associated with severe polymorphonuclear (PMN) cell
infiltrates in vivo (13), induce the highest levels of IL-17. This
seems to be due in part to the action of the immunodominant
protein CagA but mostly the absence of a CagE-dependent
transfer of soluble factors from live bacterial cells but is also
associated with IL-1� and IL-23 produced by stimulated DCs.
It is well documented that an active type IV secretion system
mediates the translocation of CagA and soluble peptidoglycan
that signal through the NOD1 pathway in epithelial cells (58).
Fritz and colleagues previously suggested that NOD1 signaling
in conjunction with Toll-like receptor recognition is involved in
the onset of Th17 (24). Our results seem to suggest a similar
role for NOD1 signaling in H. pylori-induced IL-17 production.
However, this needs to be further elucidated.

The production of IL-23/IL-17 in the presence of H. pylori is
of direct interest for the process of gastric inflammation. The
prevalence of H. pylori infection in the human population at-
tests to the failure of the immune system to clear this pathogen.
The intriguing question remains regarding why, rather than
being protective, a strong immune response characterized by
the coexpression of IFN-� and IL-17 is further contributing to
the pathology of the infection. An understanding of the inter-
play between T-cell subsets and APCs is likely to shed more
light on this topic.
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