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Direct effects of Helicobacter pylori (H. pylori) on human CD4+ T-cells hamper disentangling a possible bacterial-mediated inter-
ference with major histocompatibility complex class II (MHC-II)-dependent antigen presentation to these cells. To overcome this 
limitation, we employed a previously described assay, which enables assessing human antigen-processing cell function by using 
murine T-cell hybridoma cells restricted by human leukocyte antigen (HLA) alleles. HLA-DR1+ monocyte-derived dendritic cells 
were exposed to H. pylori and pulsed with the antigen 85B from Mycobacterium tuberculosis (M. tuberculosis). Interleukin-2 (IL-2) 
secretion by AG85Baa97-112- specific hybridoma cells was then evaluated as an integral reporter of cognate antigen presentation. This 
methodology enabled  revealing of interference of H. pylori with the antigen-presenting capacity of human dendritic cells.
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Introduction

Helicobacter pylori (H. pylori) is considered as type I car-
ci nogen by the World Health Organization (WHO) since 
1994. In most cases, H. pylori-infected individuals remain 
asymptomatic. Chronic infection, however, is a major risk 
factor for the development of gastric cancer or lymphoma. 
Major histocompatibility complex class II (MHC-II)-re-
stricted antigen presentation to CD4+ T-cells is a prereq-
uisite for protection against H. pylori [1, 2], and persistent 
colonization might result from defi cient antigen presen-
tation and CD4+ T-cell activation. The induction of hu-
man T-cell immunity by antigen-presenting cells (APCs) 
involving H. pylori stimulation has been studied before 
[3–5]. Bacterial virulence factors, however, were shown to 

negatively affect human CD4+ T-cell activation by exert-
ing direct anti-proliferative effects as well as by inhibiting 
T-cell cytokine production, such as interleukin-2 (IL-2) or 
interferon-γ (IFN-γ) [6–9]. In addition, the bacteria may 
directly modulate functions of human APCs [10]. To study 
the functional consequences of a possible modulation of 
antigen-processing and presentation in professional APCs 
by H. pylori, confounders such as direct bacterial effects 
on T-cell functions have to be eliminated. Here, we inves-
tigated antigen presentation by human monocyte-derived 
dendritic cells (DCs) to a murine CD4+ T-cell hybridoma. 
Murine T-cell functions are not affected by H. pylori stim-
ulation and CD4+ T-cell-derived hybridoma cells respond 
to cognate presentation of T-cell epitopes relatively inde-
pendent of additional costimulatory interactions by APCs. 
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The use of T-cell hybridoma cells from human leukocyte 
antigen (HLA)-transgenic mice as responder cells has 
previously been shown to enable quantitative detection 
of antigen processing by human APCs [11]. By apply-
ing this methodology to the H. pylori system, we show 
that H. pylori exposure hampers MHC-II-restricted anti-
gen presentation by human DCs. This effect may rely on 
bacterial factors shared at least within additional Gram-
negative bacteria as it can partly be mimicked when sub-
stituting H. pylori with lipopolysaccharide (LPS) from 
Escherichia coli (E. coli).

Materials and methods

Preparation of  H. pylori

H. pylori P12 wild type strain was grown and prepared as 
described elsewhere [10]. For stimulation, H. pylori was 
adjusted to a multiplicity of infection (MOI) of 10.

T-cell hybridoma cell culturing

AG85Baa97-112-specifi c, HLA-DR1-restricted F9A6 cells 
[11] were grown in 75 cm2 fl asks (TPP, Trasadingen, 
Switzerland) in DMEM medium (Gibco/Invitrogen, Life 
Technologies, Darmstadt, Germany), supplemented with 
2 mM L-glutamine (Gibco), penicillin (100 U/ml), strepto-
mycin (100 μg/ml), gentamicin (30 μg/ml), ciprofl oxacin 
(10 μg/ml), 0.05 mM 2-mercaptoethanol (all from Sigma, 
Taufkirchen, Germany), and 10% fetal calf serum (Bio-
chrom, Berlin, Germany) at 37 °C and 5% CO2. Cells were 
passaged every second day and harvested from day 3 to 
day 10.

Generation of human HLA-DR1+ DCs

Healthy blood donors that volunteered were HLA-typed 
by the tissue typing laboratory of the Charité, Campus 
Virchow Klinikum (Berlin, Germany). DCs were gen-
erated as described previously [10]. Briefl y, peripheral 
blood mononuclear cells (PBMCs) were isolated via Fi-
coll density gradient centrifugation. CD14+ monocytes 
were enriched by using magnetic microbeads (Miltenyi 
Biotec, Bergisch-Gladbach, Germany), and 3 × 106 cells/
well were cultured in six-well culture plates (TPP) in 
complete RPMI medium, containing 2 mM L-glutamine, 
10 mM HEPES (Gibco),  penicillin (100 U/ml), strepto-
mycin (100 μg/ml), 10% FCS, 1000 U/ml of granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) 
(sargramostim, Leukine®, Berlex, Richmond, CA), and 
100 U/ml recombinant IL-4 (R&D Systems, Wiesbaden-
Nordenstadt, Germany). Fresh medium supplemented 
with cytokines was added every second day to the wells, 
and cells were harvested between day 6 and day 8. 
 Im mature DCs displayed a down-regulated CD14 ex-

pression and were further defined by the expression of 
high levels of CD11b and low levels of CD80 [10].

Stimulation of cells with H. pylori

A total of 1 × 105 F9A6 cells was stimulated for 1 h at 
37 °C with H. pylori in RPMI medium supplemented with 
10% FCS. The cells were washed twice and subsequently 
transferred to one well of a 96-well plate (TPP) precoated 
with 3 μg/ml anti-CD3 mAbs (BD Pharmingen) for an-
other 12 h of incubation. For the stimulation of DCs with 
H. pylori, 2 × 106 cells were incubated in 500 μl RPMI 
medium containing 10% FCS, 1000 U/ml of GM-CSF, and 
100 U/ml recombinant IL-4 for 1 h at 37 °C in the presence 
of H. pylori. LPS derived from E. coli (Invivogen, Tou-
louse, France) (100 ng/ml) was used as a control stimulus 
while cells maintained in medium alone served as negative 
control. After 1 h of incubation, cells were washed twice 
with medium and resuspended in RPMI medium supple-
mented with 10% FCS, 1000 U/ml GM-CSF, 100 U/ml 
recombinant IL-4, penicillin (100 U/ ml), streptomycin 
(100 μg/ml), and 100 μg/ml gentamicin (Sigma) for subse-
quent F9A6 cell activation.

T-cell hybridoma cell activation by DCs

After stimulation, DCs were incubated in the pres-
ence or absence of 12 μg/ml recombinant antigen 85B 
from Myco bacterium tuberculosis (M. tuberculosis) 
(AG85B; Abcam, Cambridge) for 6 h at 37 °C. A total 
of 8 × 104 cells/well of a 96-well fl at-bottom plate (TPP) 
in 100 μl of this suspension were incubated with 1 × 105 
F9A6 cells in 100 μl of RPMI medium containing 10% 
FCS, 1000 U/ ml GM-CSF, 100 U/ ml IL-4, penicillin 
(100 U/ ml), streptomycin (100 μg/ ml), and gentamicin 
(100 μg/ml) for a further 12 h at 37 °C. For kinetic ex-
periments, 12 μl/ ml AG85B was added to the DCs 24 
and 48 h prior to or at the time of exposure to H. pylori. 
Incubation with F9A6 cells followed immediately or ei-
ther 24 or 48 h later.

Analysis of IL-2 secretion by T-cell hybridoma cells

Twelve hours after the addition of the F9A6 cells, cell-
free supernatants were collected and stored at –80 °C until 
monitoring for IL-2 by sandwich ELISA (R&D) according 
to the manufacturer’s instructions.

Cell viability assay

After 12 h of incubation, cells were tested for viability by 
using a colorimetric cell viability assay according to the 
manufacturer’s protocol (Colorimetric Cell Viability Kit I; 
PromoKine, Heidelberg, Germany).
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Statistics

Statistical analyses were performed using the nonparamet-
ric Wilcoxon matched-pairs signed rank test. Differences 
were considered statistically signifi cant for p < 0.05.

Ethics statement

The study was approved by the ethical committee of the 
Charité and informed consent was obtained from all do-
nors.

Results

H. pylo ri has been shown to inhibit human but not mu-
rine CD4+ T-cell proliferation through direct interaction 
[6, 7, 9]. We fi rst confi rmed that H. pylori did not affect 
relevant murine F9A6 T-cell properties, such as viability 
or IL-2  secretion, by investigating F9A6 T-cell responses 
using anti-CD3 stimulation. F9A6 cells were incubated 
with H. pylori for 1 h, the bacteria were washed out, and 
the cells were transferred to plates coated with anti-CD3 
mAbs. Control cells were not exposed to H. pylori. Twelve 
hours later, supernatants were harvested in order to de-
termine murine IL-2 concentrations by ELISA, while the 
cells were subjected to a cell viability assay. F9A6 T-cells 
incubated with H. pylori did not differ from unstimulated 
control cells regarding secretion of IL-2 (Fig. 1) or cell 

 viability (data not shown). Therefore, F9A6 cells were 
suitable read-out T cells in the cell culture assays involv-
ing H. pylori.

Next, human immature monocyte-derived DCs were 
generated from HLA-DR1+ donors as previously de-
scribed [10]. Cells were stimulated with H. pylori for 1 h 
while control cells were maintained in medium alone. 
Cells were washed and subsequently incubated for 6 h 
in the presence of a model recombinant antigen of M. tu-
berculosis (AG85B). Cells were washed to remove free 
antigen and AG85Baa97-112-specifi c, HLA-DR1-restricted 
murine F9A6 T-cell hybridoma cells were added. Twelve 
hours later, supernatants were harvested and IL-2 con-
centrations were determined by ELISA as an integral 
surrogate of cognate AG85B presentation by DCs. Su-
pernatants from AG85B-exposed, uninfected DCs cocul-
tured with F9A6 cells contained elevated concentrations 
of IL-2. In contrast, prior exposure of DCs to H. pylori 
signifi cantly impaired IL-2 production by F9A6 cells 
(Fig. 2). This effect was not due to reduced viability of 
the antigen-presenting cells owing to the bacteria since 
we did not detect cell death in the DC populations in re-
sponse to H. pylori stimulation (data not shown). Thus, 
incubation of immature DCs with H. pylori prior to 
AG85B addition reduces IL-2 secretion of F9A6 cells in-
cubated together with such DCs.

Exposure of DCs to H. pylori induces the expression of 
molecules associated with DC activation, such as CD25, 
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Fig. 1. IL-2 secretion by F9A6 T-cell hybridoma cells is not af-
fected after stimulation with H. pylori. F9A6 cells were incuba-
ted with H. pylori (MOI of 10) or medium alone for 1 h followed 
by anti-CD3 stimulation (3 μg/ml) for 12 h. Afterwards, cell-free 
supernatants were collected, and concentrations of murine IL-2 
were determined by ELISA. Each symbol per condition repre-
sents data obtained from one independent experiment (one 
donor). Horizontal lines show the median values of 10 experi-
ments (donors)
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Fig. 2. Stimulation of human immature DCs with H. pylori inhi-
bits IL-2 production by T cells. Immature HLA-DR1+ DCs were 
incubated with H. pylori (MOI of 10) or medium alone for 1 h 
and afterwards cultured for 6 h in the presence of recombinant 
antigen 85B from M. tuberculosis (AG85B, 12 μg/ml). HLA-
DR1+ Ag85Baa97-112-restricted murine F9A6 T-cell hybridoma 
cells were added and 12 h later, cell-free supernatants were coll-
ected and concentrations of murine IL-2 were determined by 
ELISA. Data represent the mean values ± SD of eight indepen-
dent experiments (eight donors). *: p < 0.05 compared to DCs 
incubated in the absence of H. pylori (Wilcoxon matched-pairs 
signed rank test)
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Fig. 3. H. pylori but not LPS suppressed antigen presentation by human DCs for up to 48 h. Immature HLA-DR1+ DCs were incuba-
ted in the presence or absence of recombinant antigen 85B from M. tuberculosis (AG85B, 12 μg/ml) (A) 24 or 48 h prior to or (B, C) 
at the time of stimulation for 1 h with H. pylori (MOI of 10). Cells incubated in the presence of LPS (100 ng/ml) or maintained in 
medium alone served as controls. F9A6 cells were added (A, B) immediately after stimulation or (C) 24 or 48 h later. Twelve hours 
after the addition of F9A6 cells, cell-free supernatants were collected and concentrations of murine IL-2 were determined by ELISA. 
Each symbol per condition represents the data obtained from one independent experiment (one donor). Horizontal lines show the 
median values of six experiments (donors). *: p < 0.05 (Wilcoxon matched-pairs signed rank test)
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CD80, and CD83, and results in a reduced capability of 
the cells to take up exogenous particles [10]. Hence, we 
were interested in how the kinetics of the H. pylori ad-
dition may infl uence the inhibitory effect of the bacteria 
on antigen presentation by DCs. We therefore altered the 
time interval between addition of antigen and infection by 
adding AG85B to immature HLA-DR1+ DCs 24 and 48 h 
prior to or at the time of H. pylori stimulation. Bacteria 
were washed out after 1 h and F9A6 cells were added to 
the DCs immediately. In similar experiments, DCs were 
exposed to antigen and simultaneously stimulated with 
H. pylori, but the time of F9A6 cell addition varied, i.e., 
they were added immediately or either 24 or 48 hours 
later. As controls we used LPS-stimulated DCs and cells 
kept in medium alone. The latter therefore did not receive 
a maturation stimulus. Supernatants were always collected 
12 h after the addition of F9A6 cells and the concentra-
tions of murine IL-2 secretion were measured.

In contrast to DCs kept in medium alone, we detected 
substantial amounts of IL-2 when DCs were incubated 
with H. pylori or LPS 24 or 48 h after AG85B addition 
(Fig. 3A). Comparable to our previous observation, IL-2 
production by F9A6 cells was signifi cantly reduced when 
AG85B was added at the time of H. pylori or LPS stimula-
tion (Fig. 3B).

Similarly, we detected low levels of IL-2 in supernatants 
of H. pylori-treated DCs when F9A6 cells were added 24 
or 48 h after stimulation (Fig. 3C). Notably, in comparison 
to H. pylori-stimulated DCs, IL-2 levels were signifi cantly 
increased in supernatants of LPS-treated DCs, when F9A6 
cells were added 24 or 48 h after stimulation (Fig. 3C). 
Thus, both LPS and H. pylori interfere with antigen pre-
sentation by DCs when the antigen is added around the 
time of stimulation. A substantial time span between an-
tigen uptake and stimulation, in our experiments 24–48 h, 
is required for optimal antigen presentation. In contrast to 
LPS activation of DCs, however, H. pylori interferes for a 
prolonged period of time with presentation of exogenously 
added antigens by human DCs.

Discussion

Our approach offers a method to study antigen presenta-
tion to CD4+ helper type T cells by H. pylori-stimulated 
human DCs, irrespectively of immunomodulatory effects 
of bacterial virulence factors that directly affect human 
T-cell activation. We have previously shown that incuba-
tion of DCs with H. pylori or LPS does not affect the ex-
pression of HLA-DR but reduces the capability of engulf-
ing exogenous particles following incubation of the cells 
for 1 h with either stimulus [10]. By adding antigen to cells 
simultaneously with bacterial stimulation, we excluded 
this maturation/activation-induced incapacity of the cells 
to pick up further antigen. The fact that LPS-treatment in-
duced a similar although more transient inhibition of anti-
gen presentation indicates that at least Gram-negative bac-
teria associated Toll-like receptor (TLR) ligands may be 

involved. Indeed, this offers a parsimonious explanation of 
similar observations that were reported for Salmonella en-
terica serovar Typhimurium-stimulated murine DCs where 
stimulation with Salmonella resulted in a reduced MHC-II 
presentation of antigenic peptides [12]. At a fi rst glance, it 
appears paradoxical and counter-intuitive that antigens in 
the course of DC activation by multicomponent-immuno-
stimulatory agents are not effi ciently presented. The report-
ed observation, however, may highlight a physiologically 
important aspect of antigen-processing and presentation 
by DCs, i.e., focusing T-cell responses to antigens of the 
stimulating pathogen while limiting presentation of other 
exogenous or – physiologically more relevant – autoanti-
gens that may inevitably be sampled by the DC at the same 
time. These effects may also be relevant for subunit vac-
cine formulation strategies since vaccines that physically 
link vaccine antigens to APC stimulating molecules seem 
to be more effective [13, 14].
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