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Abstract: Regulatory B cells (Bregs) produce antiinflammatory cytokines and inhibits proinflammatory response. Recently,
immunosuppressive roles of Bregs in the effector functions of dendritic cells (DCs) were demonstrated. However, cross talk between
Bregs and DCs in Helicobacter infection remains unknown. Here, we showed that direct stimulation of bone marrow-derived DCs (BMDCs) with Helicobacter felis (H. felis) antigen upregulates their CD86 surface expression and causes the production of interleukin-6
(IL-6), tumor necrosis factor alpha (TNF-α), interleukin-12 (IL-12), and interleukin-10 (IL-10). Furthermore, prestimulation of DCs
with supernatants derived from both Helicobacter-stimulated IL-10– B (Hfstim-IL-10– B) or IL-10+ B (Hfstim-IL-10+) cells suppresses the
secretion of TNF-α and IL-6, but does not affect the expression of CD86 and secretion of IL-12 by lipopolysaccharide (LPS) or H. felisactivated BM-DCs. Remarkably, soluble factors secreted by Hfstim-IL-10– B cells, but not by Hfstim-IL-10+ B cells, suppress the secretion
of IL-10 by BM-DCs upon subsequent LPS stimulation. In contrast, prestimulation with BM-DCs with supernatants of Hfstim-IL-10+ B
cells before H. felis antigen stimulation induces significantly their IL-10 production. Collectively, our data indicated that prestimulation
with soluble factors secreted by Hfstim-IL-10+ B cells, DCs exhibit a tolerogenic phenotype in response to LPS or Helicobacter antigen by
secreting high levels of IL-10, but decreased levels of IL-6 and TNF-α.
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1. Introduction
Helicobacter pylori (H. pylori) are gram-negative bacteria,
which multiplies in human stomach. It has previously
demonstrated that gastric biopsies from persistently H.
pylori-infected individuals have more infiltrated innate
and adaptive immune cells compared to uninfected
individuals (Moyat and Velin, 2014).
Dendritic cells (DCs) have critical roles in effector
and tolerogenic immune response in H. pylori within the
stomach as antigen-presenting cells (Peek et al., 2010).
H. pylori infection upregulates IL-1α, IL-6, IL-1β, and
IL-23p19 mRNA expressions in bone marrow-derived
DCs (BM-DCs) (Kao et al., 2006; Horvath et al., 2012).
BM-DCs also produce the antiinflammatory cytokine
IL-10 in response to H. pylori infection (Rizzuti et al.,
2015). Furthermore, H. pylori-pulsed human monocytederived DCs upregulate MHC-II, CD80, CD86, and CD83
surface expression and secrete TNFα, IL-6, IL-10, and
IL-12 cytokines (Hafsi et al., 2004; Hoces de la Guardia
et al., 2013; Käbisch et al., 2014; Käbisch et al., 2016).
Alternatively, the tolerogenic DCs regulate effector T cell
responses in Helicobacter infection. It was shown that live
H. pylori suppresses maturation of DCs and their IL-6

and IL-12 production, which are efficiently induced by
lipopolysaccharide (LPS) (Jiang et al., 2002; Oertli et al.,
2012). In addition, the depletion of DCs in mice results
in abrogation of H. pylori-driven immune tolerance and
promotes T cell-mediated immunological pathology
(Oertli et al., 2012). H. pylori-infected BM-DCs induce
regulatory T cells (Tregs) and decrease Th17/Treg ratio
in vitro (Kao et al., 2010; Zhang et al., 2010; Oertli et al.,
2012). Helicobacter felis (H. felis) is gram-negative bacteria,
which belong to Helicobacter species with a higher
immunogenicity than H. pylori in mice (Sayi et al., 2009).
Previously, it was reported that H. felis antigen induces
DCs to secrete IL-6 and IL-10 (Drakes et al., 2006).
A complex cross talk exists between B cells and DCs. B
cells regulate maturation and differentiation of monocytederived DCs upon BCR and TLR9 (CpG) induction
(Maddur et al., 2012). CpG- and CD40L-activated B cells
have an inhibitory role in IL-12p70 production in mature
DCs through cellular contact and soluble factors (Morva
et al., 2012). Regulatory influence of B cells on DCs have
been demonstrated in Leishmania major infection. L.
major-stimulated B cells inhibit IL-12 production by DCs
in an IL-10-dependent manner (Ronet et al., 2010). Soluble

* Correspondence: sayi@itu.edu.tr

214

This work is licensed under a Creative Commons Attribution 4.0 International License.

ALTUNÖZ and SAYI YAZGAN / Turk J Biol
factors from Escherichia coli-stimulated regulatory B cells
inhibit maturation and inflammatory properties of BMDCs by modulating their CD86 expression and TNF-α
production (Maerz et al., 2020). It has been previously
reported that supernatant derived from IL-10-producing
CD138+ plasmablasts, but not from IL10–/– plasmablasts
leads to a significant decrease in IL-6 and IL-12 mRNA
expression in DCs (Matsumoto et al., 2014).
The immunosuppressive and protective roles of
regulatory B cells (Bregs) in Helicobacter infection have
been demonstrated. H. felis-stimulated B cells cause
differentiation of the T regulatory-1 (Tr1) cells (Sayi
et al., 2011). Recently, we have elucidated roles of H.
felis-stimulated IL-10-producing B (Hfstim-IL-10+ B) and
IL-10-nonproducing B (Hfstim-IL-10– B) cells in the Tr1
differentiation. It has been demonstrated that Hfstim-IL-10+
B cells secrete IL-10, whereas Hfstim-IL-10– B cells secrete
IL-6, TGF-β, and TNF-α cytokines. Furthermore, both
H. felis-stimulated IL-10– B cells and IL-10+ B cells induce
differentiation of Tr-1 cells. Besides, Hfstim-IL-10– B cells
secrete IL-6 and TGF-βthat cause Th17-cell differentiation
(Said et al., 2018). However, up until now, the influence
of B cells on immature BM-DCs in Helicobacter infection
remain to be elucidated. In this study, we evaluated (i)
direct effect of H. felis antigen (ag), (ii) the effect of soluble
factors secreted by H. felis-stimulated IL-10+ B cells and IL10– B cells on the activation status and cytokine profile of
immature BM-DCs in vitro.
Here we demonstrated that direct stimulation
of immature BM-DCs with Helicobacter ag induces
upregulation of CD86 surface expression and production
of TNF-α, IL-6, IL-12, and IL-10, similar to the effect of
E. coli LPS. Moreover, we found that conditioned medium
from H. felis-stimulated IL-10+ B and IL-10– B cells induces
DCs to upregulate surface expression of CD86 and to
secrete high levels of IL-12. Furthermore, subsequent
stimulation of DCs with LPS or Helicobacter ag leads to
suppression in the secretion of IL-6 and TNF-α. Finally,
we concluded that DCs secreted high levels of IL-10, upon
prestimulation with soluble factors of Hfstim-IL-10+ B cells,
before LPS or Helicobacter stimulation.
2. Materials and methods
2.1. Animal experiments
We obtained C57BL/6 mice from Boğaziçi University,
Vivarium (İstanbul, Turkey) and kept them under
pathogen-free conditions. We performed all experiments
in accordance with the guidelines, which were approved
by the Boğaziçi University Local Ethical Committee on
Animal Experiments.
2.2. Bacteria
We received H. felis from Prof. Anne Müller (University
of Zurich, Zurich, Switzerland). We grow H. felis as
previously described (Sayi et al., 2009). We performed

bacterial sonication on a Bandelin Sonopuls (30 s pulseon; 50 s pulse-off for 6’30”, 50 Won ice). We determined
the protein concentration of H. felis antigens using BCA
Protein Kit (Thermo Fisher Scientific, Munich, Germany).
2.3. Generation of bone marrow-dendritic cells (BMDCs)
We isolated bone marrow cells from the femur bone
of C57BL/6 mice and differentiated into BM-DCs as
explained previously, with some modifications (Matheu et
al., 2008). Briefly; we seeded 25 × 104 bone marrow cells
per well in 96-well plates in the DC culture media Roswell
Park Memorial Institute (RPMI) medium containing
1% pen-strep, 10% fetal bovine serum (FBS), 10 ng/mL
recombinant granulocyte-macrophage colony-stimulating
factor (rGM-CSF; BioLegend, San Diego, CA,USA), 10 ng/
mL recombinant interleukin-4 (rIL-4; Gibco) and 50 μM
beta-mercaptoethanol). Every 2 days, we refreshed half of
the media with freshly prepared DC culture media. DCs
were differentiated after 7 days and cells were collected
using PBS containing 10 mM EDTA. Then, for enriching
CD11c+ DCs, we performed magnetic separation using
anti-CD11c microbeads, following manufacturer’s
instructions (Miltenyi Biotec, Bergisch Gladbach,
Germany). After that, we cultured 5 × 104 separated DCs
per well in 96-well plates in RPMI medium containing
10% FBS and 1% pen-strep. We determined purity of BMDCs based on the expression of CD11c by flow cytometry
(BD Accuri C6Flow Cytometer, Accuri Cytometers, Ann
Arbor, MI, USA).
2.4. Isolation and stimulation of B cells
We collected spleens from C57BL/6 mice and isolated
CD19+ B cells from a single-cell suspension of spleens by
immunomagnetic separation following manufacturer’s
instructions (m-B Cell Isolation Kit, Miltenyi Biotec).
We stained splenic B cells with CD19-FITC antibody
(Biolegend) to determine the purity of cells. Afterwards,
we cultured B cells in 96-well round-bottom plates in
RPMI containing 1% pen-strep and 10% (FBS) as 5 × 105
cells/well and induced with 5 ug/mL H. felis antigen for
24 h. During the last 5 h of incubation, we induced cells
with ionomycin (500 ng/mL) and phorbol 12-myristate
13-acetate (50 ng/mL). Later, we isolated IL-10+ B and
IL-10– B cells from Helicobacter felis-stimulated B cells
(Hfstim-B) by immunomagnetic separation following
manufacturer’s instructions (m. Reg. B Cell Isolation Kit,
Miltenyi Biotec).
2.5. Stimulation of immature BM-DCs with H. felis
antigen or the conditioned medium of B cell subsets
We treated IL-10– B and IL-10+ B cells with 5 μg/mL H.
felis antigen for 8 h. We cultured immature DCs in fresh
medium without stimulation or in the supernatant of IL10+ B or IL-10– B cells for 24 h. Afterwards, we washed DCs
and treated with H. felis antigen (10 µg/mL) or LPS (100
ng/mL) for 12 h or left untreated.
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2.6. ELISA
We measured TNF-α, IL-12/IL-23 (p40), IL-6, and IL-10
secretion using m-IL-12/IL-23 (p40) ELISA kit (431606;
Biolegend), m-TNF-α ELISA kit (430906; Biolegend),
m-IL-6 ELISA kit (431301; Biolegend), and m-IL-10
ELISA kit (431416; Biolegend), respectively, following
manufacturer’s instructions (Biolegend). ELISA detection
was done using a microplate reader (Benchmark Plus
reader, Bio-Rad Laboratories, Hercules, CA, USA) at 450
nm.
2.7. Flow cytometry
We detached BM-DCs from the plates through incubation
for 10 min with PBS containing 10 mM EDTA. We used
following antimouse antibodies to detect following
markers: anti-CD86-PE (clone GL-1), anti-CD11c-APC
(clone N418), CD86 (clone GL-1), anti-CD19-FITC (clone
6D5). All antibodies were obtained from Biolegend. For
staining, we incubated cells in PBS containing 2% FBS
together with antibodies for 1 h on ice. We performed
flow cytometry on a Becton Dickinson (BD) ACCURI
C6 (BD Biosciences, San Jose, CA, USA) machine and
analyzed using FlowJo software.
2.8. Statistical analysis
We used GraphPad Prism 6 for statistical analyses.
Standard error of the mean (SEM) was shown in column
bar graphs. We calculated the p-values by two-tailed
Student’s t-test, and we considered p < 0.05 as statistically
significant (ns: not significant).
3. Results
3.1. H. felis antigen-activated BM-DCs
To assess the direct effect of H. felis antigen (ag) on
immature DCs, we differentiated bone-marrow cells into
bone marrow-derived DCs (BM-DCs) by adding 10 ng/
mL rGM-CSF and 10 ng/mL rIL-4 over the course of 7
days. We then enriched CD11c+ DC population using
immunomagnetic sorting. The purity of BM-DCs before
and after immunomagnetic sorting was around 72% and
91%, respectively (Figures 1A and 1B). Next, we evaluated
the activation/maturation status of H. felis-induced BMDCs through their CD86 expression. We also treated BMDCs with LPS as it provides maturation and activation
signals to DCs. Flow cytometric analysis demonstrated
that stimulation of immature DCs with either LPS or H.
felis ag for 12 h induced similar expression of CD86 (B7.2)
(Figures 1C and 1D). These data revealed that H. felis
antigen, opposite of H. pylori leads to high expression of
CD86, which is a determinant of DC maturation, in an in
vitro setting.
3.2. H. felis antigen-induced secretion of both pro- and
antiinflammatory cytokines by BM-DCs
Previously, it was shown that treatment of BM-DCs with
H. felis ag for 3 days, induces the production of IL-6 with
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small amounts of IL-10 (Drakes et al., 2006). To investigate
the detailed cytokine profile of H. felis antigen-stimulated
BM-DCs (Hfstim-BM-DCs), we treated BM-DCs with H.
felis antigen for 12 h. We detected elevated secretion levels
of both antiinflammatory (IL-10) and proinflammatory
(TNF-α, IL-12, and IL-6) cytokines in Hfstim-BM-DCs,
similar to LPS (Figures 2A–2D). These data indicate
that H. felis antigenic proteins induce both pro- and
antiinflammatory cytokine secretion from BM-DCs.
3.3. Suppression of IL-6, TNF-α, and IL-10 secretion in
Hfstim-IL-10- B cells-conditioned medium preexposed
LPS-stimulated BM-DCs
Therefore, we asked whether Hfstim-IL-10+ B cells and HfstimIL-10– B cells conditioned medium can affect activation
and differentiation of BM-DCs. To address this point, we
first incubated splenic B cells with 5 µg/mL H. felis ag for
24 h. Then, we separated IL-10+ B and IL-10– B cells with
more than 85% purity (data not shown). We treated both
IL-10+ B and IL-10– B cells with 5 μg/mL H. felis antigen for
8 h. We collected the cell-free supernatant and incubated
immature BM-DCs with this conditioned medium before
LPS or H. felis ag stimulation. Flow cytometric analysis of
CD86 expression in DCs showed that conditioned medium
from both Hfstim-IL-10+ B cells and Hfstim-IL-10– B cells
was efficiently induced the activation and maturation of
DCs (53.85% and 55.65%, respectively). Also, we detected
preincubation of DCs with conditioned medium leads to a
slight increase in CD86 expression compared to only LPSstimulation (Figures 3A and 3B).
Later, we analyzed the supernatants of BM-DCs for
IL-12/IL-23 (p40), IL-6, TNF-α, and IL-10 production
in the presence or absence of Hfstim-IL-10+ B cells- or
Hfstim-IL-10– B cells-conditioned media. Both of these
conditioned medium induced high levels of IL-12/IL-23
(p40) secretion, but low levels of TNF-α, IL-6, and IL10 secretion from BM- DCs (Figures 4A–4D). In case of
preexposure of BM-DCs to both conditioned media before
LPS or H. felis stimulation have a little effect on the level
of IL-12 secretion from these cells (Figure 4A). However,
TNF-α and IL-6 production were significantly lower
when BM-DCs were preexposed to Hfstim-IL-10+ B cells or
Hfstim-IL-10– B-conditioned media before LPS stimulation
(Figures 4B and 4C). Alternatively, IL-10 secretion was
significantly decreased in LPS-treated BM-DCs, which
had previously been exposed to the conditioned medium
of Hfstim-IL-10– B cells. Of note, Hfstim-IL-10+ B cellsconditioned medium did not have such an inhibitory
influence on IL-10 secretion from BM-DCs, which were
later stimulated by LPS (Figure 4D).
3.4. Decreased in IL-6 and TNF- α, but increased in IL10 secretion by H. felis stimulated BM-DCs, which were
preexposed to Hfstim-IL-10+ B cells-conditioned medium
To assess how preexposure to Hfstim-IL-10+ B cells and
Hfstim-IL-10– B cells-conditioned medium affect response
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Figure 1. Stimulation with H. felis antigen, similar to LPS, upregulates CD86 surface expression on BM-DCs. Bone marrow cells from
C57BL/6 mice were differentiated into bone marrow-derived dendritic cells (BM-DCs) in the presence of 10 ng/mL rGM-CSF and 10
ng/mL rIL4. CD11c+ BM-DCs were immunomagnetically enriched using CD11c microbeads. BM-DCs were stained with anti-CD11cAPC and subsequently analyzed by flow cytometry. BM-DCs were either stimulated with 100 ng/mL lipopolysaccharide (LPS) or 10
µg/mL H. felis antigen for 12 h or kept in fresh medium. BM-DCs were stained with anti-CD86-PE and data were analyzed using flow
cytometry. (A) Representative flow cytometry plots for CD11c+ BM-DCs before (Before sep.) and after (After sep.) magnetic separation.
(B) Graphical summary of the percentage of CD11c+ BM-DCs. (C) Representative flow cytometry plots of CD86+ BM-DCs. (D)
Graphical summary of the percentage of CD86+ BM-DCs. The values are given as mean + SEM. Data represent at least five independent
experiments. p values were calculated by the Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns: nonsignificant.

of BM-DCs to H. felis antigen stimulation, we cultured
BM-DCs in the presence of Hfstim-IL-10+ B cells or HfstimIL-10– B cells conditioned medium for 24 h. Similar to LPS
stimulation, level of CD86 expression was induced slightly
upon prestimulation of DCs with Hfstim-IL-10+ B cells- or
Hfstim-IL-10– B cells-conditioned medium before H. felis
stimulation compared to only H. felis-stimulated DCs
(Figures 3A and 3B). Moreover, DCs produced less TNF-α

and IL-6 when they were preexposed to Hfstim-IL-10+ B
cells or Hfstim-IL-10– B cell-conditioned medium before
H. felis stimulation compared to only H. felis-stimulated
DCs; however, no significant change in IL-12 production
were detected (Figures 4A–4C). In addition, Hfstim-IL-10+
B cells-conditioned medium, but not Hfstim-IL-10– B cellsconditioned medium, induced IL-10 production by DCs
(Figure 4D). In conclusion, our results revealed the ability
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Figure 2. H. felis-stimulated BM-DCs secrete elevated levels of IL-12, TNF-α, IL-6, and IL-10 in vitro. BMDCs were either stimulated with 100 ng/mL LPS or 10 µg/mL H. felis antigen for 12 h or kept in fresh medium.
Supernatants of unstimulated, LPS-stimulated and H. felis antigen-stimulated BM-DCs were analyzed by
specific ELISA kits. The quantification of IL-12/IL-23 (p40) (A), TNF-α (B), IL-6, (C) and IL-10 (D) secretions
were shown. Data are representative of three independent experiments and given as mean + SEM of biological
replicates. p values were calculated by the Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

of indirect effects of Hfstim-IL-10+ B cells on conversion of
DCs into semimature-like phenotype.
4. Discussion
Immune regulatory characteristics of B cells have been
demonstrated in B cell-deficient mice, which cannot be
recovered from autoimmune encephalitis due to lack of B
cells (Wolf et al., 1996). Later, it was reported that B cellderived IL-10 has crucial roles to suppress inflammation
and induce Treg differentiation in mice (Fillatreau et al.,
2002; Carter et al., 2011; Carter et al., 2012). Moreover,
immune-suppressive functions of Bregs with IL-10
secretion in colitis (Mizoguchi et al., 2002), EAE (Fillatreau
et al., 2002), arthritis (Mauri et al., 2003) and Helicobacter
infection (Sayi et al., 2011) have been demonstrated. It
has also been reported that Helicobacter-associated Bregs
have a protective role in acute and chronic colitis (Li et al.,
2019). Recently,we have shown that, Hfstim-IL-10– B cells
secrete IL-6, TGF-β, TNF-α, IgM, and IgG2b, whereas
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Hfstim-IL-10+ B cells produce IL-10 (Said et al., 2018).
Bregs suppress the effector functions of DCs through IL10 and indirectly prevent DC-mediated Th1 and Th17
differentiation (Sun et al., 2005; Matsumoto et al., 2014).
Drakes et al. (2006) showed that 3 days’ stimulation
with H. felis antigen (ag) leads to IL-6 and low levels of IL10 secretion from murine BM-DCs. We contributed to this
knowledge by showing that H. felis antigen can activate
immature BM-DCs already after 12 h and can induce
the secretion of IL-12 and TNF-α, in addition to IL-6
and IL-10, from these cells. H. pylori infection induces
human monocyte-derived DCs obtained from PBMCs
to upregulate the expression of costimulatory molecules
and to secrete IL-12, TNF-α, IL-6, and IL-10 (Hafsi et al.,
2004; Hoces de la Guardia et al., 2013; Käbisch et al., 2014;
Käbisch et al., 2016). Alternatively, it was shown that H.
pylori infection induces DC tolerization (Oertli et al., 2012;
Oertli et al., 2013; Rizzuti et al., 2015). H. pylori infection
did not cause maturation of murine BM-DCs, contrary to
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Figure 3. Incubation of immature BM-DCs with conditioned mediums derived from Hfstim-IL 10+ B and Hfstim-IL 10– B cells induces
their CD86 surface expression. B cells were immunomagnetically sorted from splenocytes of C57BL/6 mice. Subsequently, IL-10+ B
and IL-10– B cells were immunomagnetically sorted from H. felis-stimulated-total B cells. Supernatants of IL-10+ B and IL-10– B cells
were collected after cells had been stimulated with 5 µg/mL H. felis antigen for 8 h. Immature BM-DCs were cultured in the presence
of supernatants derived from IL-10+ B or IL-10– B cells for 24 h or in the fresh medium. Afterwards, BM-DCs were treated with 100
ng/mL LPS or 10 µg/mL H. felis antigen for 12 h or left unstimulated. BM-DCs were stained with anti-CD86-PE and data are analyzed
by flow cytometry. (A) Representative flow cytometry plots demonstrating CD86+ BM-DCs at indicated conditions. (B) Graphical
summary of the percentage of CD86+ BM-DCs. All data are representative of three independent experiments and demonstrated as mean
+ SEM of biological replicates. p values were calculated by the Student’s t-test. *p < 0.05, **p < 0.01, ***Pp < 0.001, ****p < 0.0001, ns:
nonsignificant.
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Figure 4. Prestimulation of BM-DCs with Hfstim-IL 10+ B cell-conditioned medium before antigenic stimulation promotes their IL-10
production but suppresses TNF-α and IL-6 production. B cells were immunomagnetically sorted from splenocytes of C57BL/6 mice.
Subsequently, IL-10+ B and IL-10– B cells were immunomagnetically sorted from H. felis-stimulated-total B cells. Supernatants of IL-10+
B and IL-10– B cells were collected after the cells had been stimulated with 5 µg/mL H. felis antigen for 8 h. Immature BM-DCs were
cultured in the presence of supernatants derived from IL-10+ B or IL-10– B cells for 24 h. Afterwards, BM-DCs were treated 100 ng/mL
LPS or 10 µg/mL H. felis antigen for 12 h or left untreated. Cytokine profiles of BM-DCs was determined by ELISA. The measurements
of IL-12/IL-23 (p40) (A) TNF-α (B), IL-6 (C), and IL-10 (D) secretions are shown. All data are representative of three independent
experiments and shown as mean + SEM of biological replicates. p values were calculated by the Student’s t-test. *p < 0.05, **p < 0.01,
***p < 0.001, ****p < 0.0001, ns: nonsignificant.
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the effects of LPS. Also, H. pylori-infected murine BMDCs secrete lower amounts of IL-12p40 and IL-6, but
higher amounts of IL-10 compared to LPS-treated BMDCs (Oertli et al., 2012). The different response of BMDCs to H. felis versus H. pylori might be due to the effect
of virulence factors in the latter one.
Soluble factors secreted from B cells modulate
characteristics and function of DCs (Ronet et al., 2010;
Morva et al., 2012; Matsumoto et al., 2014; Maerz et al.,
2020). Soluble factors secreted from CpG-ODN-stimulated
B cells and LPS-stimulated IL-10-proficient-plasmablasts
suppress IL-12 expression derived from human monocytederived mature DCs and mouse BM-DCs, respectively
(Morva et al., 2012; Matsumoto et al., 2014). However, in
our study, we detected soluble factors secreted from HfstimIL-10+ B or Hfstim-IL-10– B cells increasing IL-12 secretion
from murine BM-DCs. Also, these soluble factors
can activate immature murine BM-DCs, detected by
production of CD86. However, little secretion of IL-6, IL10, and TNF-α were detected in these BM-DCs in the given
conditions. The discrepancy between our results with the
literature regarding IL-12 can be due to the influence of H.
felis antigens in conditioned medium derived from HfstimIL-10+ B or Hfstim-IL-10– B cells. H. felis antigens per se
can induce the activation and IL-12 secretion of BM-DCs
(Figure 2). Interestingly, Morva et al.’s (2012) data are in
agreement with our IL-12 findings, as it reflects that even
though the intracellular IL-12 in human mature DCs was
significantly decreased when cocultured with CpG- ODN
activated B cells and their supernatants, concentration of
IL-12 was increased in supernatants of B-DC cocultured
cells.
IL-10 derived from B cells inhibits the secretion of IL12 by murine BM-DCs in response to stimulation with
L. major, in an in vitro condition (Ronet et al., 2010).
Secreted factors from Hfstim-IL-10– B cells but not HfstimIL-10+ B cells can suppress the production of IL-10 by LPSstimulated-BM-DCs. This may be due to the suppressive
influence of proinflammatory TNF-α and IL-6 cytokines
in supernatants of Hfstim-IL-10– B cells on IL-10 production
from BM-DCs (Banchereau et al., 2000; Said et al., 2018).
Inversely; IL-10 production by Helicobacter-stimulated
DCs was induced by pretreatment with soluble factors
secreted from Hfstim-IL-10+ B cells.
The elevated level of TNF-α secreted from DCs is
linked to human autoimmune diseases such as IBD and
psoriasis (Lowes et al., 2005; Baumgart et al., 2011).
Remarkably, conditioned media from both Hfstim-IL-10+ B
and Hfstim-IL-10– B cells reduce the production of TNF-α by
DCs. However, further studies are necessary to elucidate
whether Hfstim-IL-10+ B and Hfstim-IL-10– B cells suppress
TNF-α production by DCs through similar mechanisms.
It has been demonstrated that the differentiation of
murine BM-DCs and human monocyte-derived DCs in

the presence of TGF-β1 prevents the maturation of DCs
in response to LPS stimulation (Mou et al., 2004; FogelPetrovic et al., 2007). Furthermore, the regulatory role
of TGF-β on immature human DCs has been previously
demonstrated (Adnan et al., 2016). Therefore, Hfstim-IL-10–
B cells might be responsible for suppressing the TNF-α
production by DCs with the help of their TGF-β secretion.
Even though conditioned medium obtained from
Hfstim-IL-10+ B or Hfstim-IL-10– B also contains H. felis ag,
we think that the regulatory effect of these conditioned
medium on BM-DCs is not due to Helicobacter ag per se.
Because, the amounts of IL-6, TNF-α, and IL-10 cytokines
secreted from BM-DCs, which were kept in the conditioned
medium derived from Hfstim-IL-10+ B or Hfstim-IL-10– B cells
without further LPS or H. felis ag stimulation, was far less
than BM-DCs treated with only H. felis ag. Nevertheless,
small amounts of H. felis ag remained in the supernatants
secreted by Hfstim-IL-10+ B and Hfstim-IL-10– B cells might
be responsible for the secretion of these cytokines at low
levels. Recent studies indicate that IL-10-producing, but
not IL-10-nonproducing B cells regulate cytokine profile
of DCs to indirectly inhibit T effector cell formation
(Ronet et al., 2010; Matsumoto et al., 2014). Moreover, it is
known that IL-10 inhibits activation and proinflammatory
characteristics of DCs (Takenaka and Quintana, 2017).
However, IL-6 has an important function in the Th17
cell differentiation together with TGF-β (Bettelli et al.,
2006; Mangan et al., 2006; Veldhoen et al., 2006). It has
been previously shown that plasmablast-derived IL10 suppresses IL-6 mRNA expression in DCs and their
function to induce the development of TGF-β- mediated
Th17 cells (Matsumoto et al., 2014). Recently, it has been
reported that Escherichia coli-stimulated regulatory B cells
inhibit the production of TNF-α by BM-DCs in an IL-10dependent manner (Maerz et al., 2020). In line with these
findings, we here show that Hfstim-IL-10+ B cells can direct
DCs to tolerogenic phenotype by modulating their IL-10,
IL-6, and TNF-α production. However, it remains to be
clarified in further studies whether DCs, prestimulated
with the conditioned medium from Hfstim-IL-10+ B or
Hfstim-IL-10– B cells can induce regulatory T cell types
or suppress Th-1- or Th-17-mediated effector immune
responses. Collectively, prestimulation of DCs with HfstimIL-10+ B cells generate CD86+IL-12+IL-10+TNFloIL-6lo
BM-DCs, which is reminiscent of semimature tolerogenic
DC phenotype (Rutella et al., 2006).
In conclusion, this study demonstrates that H. felis ag
directly stimulates BM-DCs to secrete proinflammatory
cytokines and IL-10. Furthermore, Hfstim-IL-10+ B cellsderived soluble factors are responsible for generating IL10-producing DC phenotype with reduced TNF-α and
IL-6 production upon antigenic stimulation. Therefore,
our study indicates that the regulatory interaction between
B cells and DCs during Helicobacter infection contributes
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to the survival of the bacteria and prevention of symptoms
in Helicobacter-infected individuals. It also emphasizes the
versatile role of Bregs to prevent Helicobacter-associated
immunopathology through interaction with an innate
immune cell; DCs (Sayi et al., 2011).

Contribution of authors
DA performed all experiments and analyzed the data,
and wrote the text. ASY designed and supervised the
experiments and data analysis and edited the text. All
authors have approved the final version of the manuscript.

Acknowledgments
We would like to thank Güliz Tuba Barut and Aslı
Korkmaz for experimental assistance. The Scientific and
Technological Research Council of Turkey (TÜBİTAK)
supported this study with a project number 113S174.

Conflicts of interest
The authors declare no conflict of interest.

References
Adnan E, Matsumoto T, Ishizaki J, Onishi S, Suemori K et al. (2016).
Human tolerogenic dendritic cells generated with protein
kinase C inhibitor are optimal for functional regulatory T cell
induction - a comparative study. Clinical Immunology 173: 96108. doi: 10.1016/j.clim.2016.09.007

Fogel-Petrovic M, Long JA, Misso NL, Foster PS, Bhoola KD et al.
(2007). Physiological concentrations of transforming growth
factor beta1 selectively inhibit human dendritic cell function.
International Immunopharmacology 7 (14): 1924-1933. doi:
10.1016/j.intimp.2007.07.003

Banchereau J, Briere F, Caux C, Davoust J, Lebecque S et al.
(2000). Immunobiology of dendritic cells. Annual Review
of Immunology 18: 767-811. doi:10.1146/annurev.
immunol.18.1.767

Hafsi N, Voland P, Schwendy S, Rad R, Reindl W et al. (2004). Human
dendritic cells respond to Helicobacter pylori, promoting NK
cell and Th1-effector responses in vitro. Journal of Immunology
173 (2): 1249-1257. doi: 10.4049/jimmunol.173.2.1249

Baumgart DC, Metzke D, Guckelberger O, Pascher A, Grotzinger C
et al. (2011). Aberrant plasmacytoid dendritic cell distribution
and function in patients with Crohn’s disease and ulcerative
colitis. Clinical and Experimental Immunology 166 (1): 46-54.
doi: 10.1111/j.1365-2249.2011.04439.x

Hoces de la Guardia A, Staedel C, Kaafarany I, Clement A, Roubaud
Baudron C et al. (2013). Inflammatory cytokine and microRNA
responses of primary human dendritic cells cultured with
Helicobacter pylori strains. Frontiers in Microbiology 4: 236.
doi: 10.3389/fmicb.2013.00236

Bettelli E, Carrier Y, Gao W, Korn T, Strom TB et al. (2006).
Reciprocal developmental pathways for the generation of
pathogenic effector Th17 and regulatory T cells. Nature 441
(7090): 235-238. doi: 10.1038/nature04753

Horvath DJ Jr, Washington MK, Cope VA, Algood HM (2012). IL-23
contributes to control of chronic Helicobacter pyloriinfection
and the development of T helper responses in a mouse model.
Frontiers in Immunology 3: 56. doi: 10.3389/fimmu.2012.00056

Carter NA, Rosser EC, Mauri C (2012). Interleukin-10 produced by
B cells is crucial for the suppression of Th17/Th1 responses,
induction of T regulatory type 1 cells and reduction of
collagen-induced arthritis. Arthritis Research and Therapy 14
(1): R32. doi: 10.1186/ar3736

Jiang HR, Muckersie E, Robertson M, Xu H, Liversidge J et al.
(2002). Secretion of interleukin-10 or interleukin-12 by LPSactivated dendritic cells is critically dependent on time of
stimulus relative to initiation of purified DC culture. Journal of
Leukocyte Biology 72 (5): 978-985.

Carter NA, Vasconcellos R, Rosser EC, Tulone C, Munoz-Suano
A et al. (2011). Mice lacking endogenous IL-10-producing
regulatory B cells develop exacerbated disease and present
with an increased frequency of Th1/Th17 but a decrease in
regulatory T cells. Journal of Immunology 186 (10): 55695579. doi: 10.4049/jimmunol.1100284

Käbisch R, Mejías-Luque R, Gerhard M, Prinz C (2014). Involvement
of Toll-like receptors on Helicobacter pylori-induced immunity.
PLoS One 9 (8): e104804. doi: 10.1371/journal.pone.0104804

Drakes ML, Czinn SJ, Blanchard TG (2006). Regulation of murine
dendritic cell immune responses by Helicobacter felis antigen.
Infection and Immunity 74 (8): 4624-4633. doi: 10.1128/
IAI.00289-06
Fillatreau S, Sweenie CH, McGeachy MJ, Gray D, Anderton SM
(2002). B cells regulate autoimmunity by provision of IL-10.
Nature Immunology 3 (10): 944-950. doi: 10.1038/ni833

222

Käbisch R, Semper RP, Wüstner S, Gerhard M, Mejías-Luque R
(2016). Helicobacter pylori γ-glutamyltranspeptidase induces
tolerogenic human dendritic cells by activation of glutamate
receptors. Journal of Immunology 196 (10): 4246-4252. doi:
10.4049/jimmunol.1501062
Kao JY, Rathinavelu S, Eaton KA, Bai L, Zavros Y et al. (2006).
Helicobacter pylori-secreted factors inhibit dendritic cell IL-12
secretion: a mechanism of ineffective host defense. American
Journal of Physiology-Gastrointestinal and Liver Physiology
291 (1): G73-G81. doi: 10.1152/ajpgi.00139.2005

ALTUNÖZ and SAYI YAZGAN / Turk J Biol
Kao JY, Zhang M, Miller MJ, Mills JC, Wang B et al. (2010). Helicobacter
pylori immune escape is mediated by dendritic cell-induced
Treg skewing and Th17 suppression in mice. Gastroenterology
138 (3): 1046-1054. doi: 10.1053/j.gastro.2009.11.043

Moyat M, Velin D (2014). Immune responses to Helicobacter pylori
infection. World Journal of Gastroenterology 20 (19): 55835593. doi: 10.3748/wjg.v20.i19.5583

Li X, Tan J, Zhang F, Xue Q, Wang N et al. (2019). H.pyloriinfection
alleviates acute and chronic colitis with the expansion of
regulatory B cells in mice. Inflammation 42 (5): 1611-1621.
doi: 10.1007/s10753-019-01022-0

Oertli M, Sundquist M, Hitzler I, Engler DB, Arnold IC et al.
(2012). DC-derived IL-18 drives Treg differentiation, murine
Helicobacter pylori-specific immune tolerance, and asthma
protection. Journal of Clinical Investigation 122 (3): 10821096. doi: 10.1172/JCI61029

Lowes MA, Chamian F, Abello MV, Fuentes-Duculan J, Lin SL et
al. (2005). Increase in TNF-alpha and inducible nitric oxide
synthase-expressing dendritic cells in psoriasis and reduction
with efalizumab (anti-CD11a). Proceedings of the National
Academy of Sciences of the United States of America 102 (52):
19057-19062. doi: 10.1073/pnas.0509736102

Oertli M, Noben M, Engler DB, Semper RP, Reuter S et al. (2013).
Helicobacter pylori gamma-glutamyl transpeptidase and
vacuolating cytotoxin promote gastric persistence and immune
tolerance. Proceedings of the National Academy of Sciences of
the United States of America 110 (8): 3047-3052. doi: 10.1073/
pnas.1211248110

Maddur MS, Kaveri SV, Bayry J (2012). Regulation of human dendritic
cells by B cells depends on the signals they receive. Blood 119
(16): 3863-3864. doi: 10.1182/blood-2012-02-408948

Peek RMJr., Fiske C, Wilson KT (2010). Role of innate immunity in
Helicobacter pylori-induced gastric malignancy. Physiological
Reviews 90 (3): 831-858. doi: 10.1152/physrev.00039.2009

Maerz JK, Trostel C, Lange A, Parusel R, Michaelis L et al. (2020).
Bacterial immunogenicity is critical for the induction of
regulatory B cells in suppressing inflammatory immune
responses. Frontiers in Immunology 10: 3093-3093. doi:
10.3389/fimmu.2019.03093

Rizzuti D, Ang M, Sokollik C, Wu T, Abdullah M et al. (2015).
Helicobacter pylori inhibits dendritic cell maturation via
interleukin-10-mediated activation of the signal transducer
and activator of transcription 3 pathway. Journal of Innate
Immunity 7 (2): 199-211. doi: 10.1159/000368232

Mangan PR, Harrington LE, O’Quinn DB, Helms WS, Bullard
DC et al. (2006). Transforming growth factor-beta induces
development of the T(H)17 lineage. Nature 441 (7090): 231234. doi: 10.1038/nature04754

Ronet C, Hauyon-La Torre Y, Revaz-Breton M, Mastelic B,
Tacchini-Cottier F et al. (2010). Regulatory B cells shape
the development of Th2 immune responses in BALB/c mice
infected with Leishmania major through IL-10 production.
Journal of Immunology 184 (2): 886-894. doi: 10.4049/
jimmunol.0901114

Matheu MP, Sen D, Cahalan MD, Parker I (2008). Generation
of bone marrow derived murine dendritic cells for use in
2-photon imaging. Journal of Visualized Experiments (17):
doi: 10.3791/773
Matsumoto M, Baba A, Yokota T, Nishikawa H, Ohkawa Y et
al. (2014). Interleukin-10-producing plasmablasts exert
regulatory function in autoimmune inflammation. Immunity
41 (6): 1040-1051. doi: 10.1016/j.immuni.2014.10.016
Mauri C, Gray D, Mushtaq N, Londei M (2003). Prevention of arthritis
by interleukin 10-producing B cells. Journal of Experimental
Medicine 197 (4): 489-501. doi: 10.1084/jem.20021293
Mizoguchi A, Mizoguchi E, Takedatsu H, Blumberg RS, Bhan AK
(2002). Chronic intestinal inflammatory condition generates
IL-10-producing regulatory B cell subset characterized by
CD1d upregulation. Immunity 16 (2): 219-230. doi: 10.1016/
s1074-7613(02)00274-1
Morva A, Lemoine S, Achour A, Pers JO, Youinou P et al. (2012).
Maturation and function of human dendritic cells are regulated
by B lymphocytes. Blood 119 (1): 106-114. doi: 10.1182/
blood-2011-06-360768
Mou HB, Lin MF, Cen H, Yu J, Meng XJ (2004). TGF-beta1
treated murine dendritic cells are maturation resistant and
down-regulate Toll-like receptor 4 expression. Journal of
Zhejiang University Science 5 (10): 1239-1244. doi: 10.1631/
jzus.2004.1239

Rutella S, Danese S, Leone G (2006). Tolerogenic dendritic cells:
cytokine modulation comes of age. Blood 108 (5): 1435-1440.
doi: 10.1182/blood-2006-03-006403
Said SS, Barut GT, Mansur N, Korkmaz A, Sayi-Yazgan A (2018).
Bacterially activated B-cells drive T cell differentiation towards
Tr1 through PD-1/PD-L1 expression. Molecular Immunology
96: 48-60. doi: 10.1016/j.molimm.2018.02.010
Sayi A, Kohler E, Hitzler I, Arnold I, Schwendener R et al. (2009). The
CD4+ T cell-mediated IFN-gamma response to Helicobacter
infection is essential for clearance and determines gastric
cancer risk. Journal of Immunology 182 (11): 7085-7101. doi:
10.4049/jimmunol.0803293
Sayi A, Kohler E, Toller IM, Flavell RA, Muller W et al. (2011). TLR2-activated B cells suppress Helicobacter-induced preneoplastic
gastric immunopathology by inducing T regulatory-1 cells.
Journal of Immunology 186 (2): 878-890. doi: 10.4049/
jimmunol.1002269
Sun CM, Deriaud E, Leclerc C, Lo-Man R (2005). Upon TLR9
signaling, CD5+ B cells control the IL-12-dependent Th1priming capacity of neonatal DCs. Immunity 22 (4): 467-477.
doi: 10.1016/j.immuni.2005.02.008

223

ALTUNÖZ and SAYI YAZGAN / Turk J Biol
Takenaka MC, Quintana FJ (2017). Tolerogenic dendritic cells.
Seminars in Immunopathology 39 (2): 113-120. doi: 10.1007/
s00281-016-0587-8

Zhang M, Liu M, Luther J, Kao JY (2010). Helicobacter pylori directs
tolerogenic programming of dendritic cells. Gut Microbes 1
(5): 325-329. doi: 10.4161/gmic.1.5.13052

Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger
B (2006). TGFbeta in the context of an inflammatory
cytokine milieu supports de novo differentiation of IL-17producing T cells. Immunity 24 (2): 179-189. doi: 10.1016/j.
immuni.2006.01.001

Zhang X, Deriaud E, Jiao X, Braun D, Leclerc C et al. (2007). Type I
interferons protect neonates from acute inflammation through
interleukin 10-producing B cells. Journal of Experimental
Medicine 204 (5): 1107-1118. doi: 10.1084/jem.20062013

Wolf SD, Dittel BN, Hardardottir F, Janeway CA Jr. (1996).
Experimental autoimmune encephalomyelitis induction in
genetically B cell-deficient mice. Journal of Experimental
Medicine 184 (6): 2271-2278. doi: 10.1084/jem.184.6.2271

224

