Lo L

P

1\

o LN A D

Immune complex-induced enhancement of bacterial
antigen presentation requires Fcy Receptor Il
expression on dendritic cells
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Dendritic cells (DCs) are capable of initiating adaptive immune
responses against infectious agents by presenting pathogen-
derived antigens on MHC molecules to naive T cells. Because of
their key role in priming adaptive immunity, it is expected that
interfering with DC function would be advantageous to the patho-
gen. We have previously shown that Salmonella enterica serovar
Typhimurium (ST), is able to survive inside DCs and interfere with
their function by avoiding activation of bacteria-specific T cells. In
contrast, when ST is targeted to Fcy receptors on the DC surface,
bacteria are degraded and their antigens presented to T cells.
However, the specific Fcy receptor responsible of restoring pre-
sentation of antigens remains unknown. Here, we show that
IgG-coated ST was targeted to lysosomes and degraded and its
antigens presented on MHC molecules only when the low-affinity
activating FcyRIll was expressed on DCs. FcyRIll-mediated enhance-
ment of Ag presentation led to a robust activation of T cells specific
for bacteria-expressed antigens. Laser confocal and electron mi-
croscopy analyses revealed that IgG-coated ST was rerouted to the
lysosomal pathway through an FcyRIlll-dependent mechanism.
PI-3K activity was required for this process, because specific inhib-
itors promoted the survival of IgG-coated ST inside DCs and
prevented DCs from activating bacteria-specific T cells. Our data
suggest that the DC capacity to efficiently activate T cells upon
capturing IgG-coated virulent bacteria is mediated by FcyRIll and
requires PI-3K activity.
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I nitiation of adaptive immunity in response to pathogenic bacteria
requires that dendritic cells (DCs) residing at the infection site
recognize pathogen-associated molecular patterns (PAMPs) (1-3).
Upon PAMP recognition, immature DCs undergo a phenotypic
change, known as maturation (4, 5), which empowers them to
efficiently process and present bacteria-derived antigens on MHC
molecules to naive CD4" and CD8* T cells (1, 6). Considering that
DCs have the unique capacity to directly prime naive CD4" and
CD8* T cells (7), interfering with their function can be highly
advantageous for the dissemination and survival of pathogenic
bacteria. Several studies have provided evidence supporting the
notion that virulent bacteria are capable of interfering with the
capacity of DCs to activate T cells (8-12), thereby impairing
initiation of adaptive immunity.

Salmonella enterica serovar Typhimurium (herein ST), a Gram-
negative bacteria that causes a self-limiting gastroenteritis infection
in humans and a typhoid-like systemic disease in mice, can survive
within murine DCs and avoid antigen presentation to T cells (10).
This feature of pathogenic ST requires expression of specific
virulence genes, some of which are encoded by Salmonella patho-
genicity islands 1 and 2 (SPI-1 and -2) (11, 13-15). Although
SPI-1-encoded genes are essential for bacterial-induced internal-
ization in nonphagocytic cells such as the intestinal epithelium (16),
SPI-2-encoded genes are necessary for ST survival within phago-
cytic cells (17) such as macrophages (18) and DCs (11, 15). Some
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effector proteins translocated to the host cell cytoplasm by the
SPI-2-encoded type III secretion system (TTSS) contribute to
impair processing of bacterial antigens by preventing the fusion of
ST-containing vacuoles (SCV) with lysosomes (11, 19).

DCs can capture extracellular antigens by either pinocytosis or
receptor-mediated endocytosis (20-23). However, this latter mech-
anism has been shown to significantly increase the efficiency of
antigen uptake, processing, and presentation on MHC molecules to
T cells (21, 22, 24). In this direction, several studies support the
notion that Fcy receptor-mediated uptake of IgG immune com-
plexes (ICs) can considerably enhance the capacity of DCs in
processing and presenting antigens to T cells (10, 22, 25-27).
Furthermore, we have recently shown that DC uptake of virulent
ST by means of FcyRs rerouted bacteria to the lysosomal degra-
dation pathway, which allowed DCs to overcome the capacity of
these bacteria to avoid lysosomal fusion and antigen presentation to
T cells (10). However, neither the specific FcyR nor the signaling
pathway responsible for enhancing the ability of DCs to degrade
virulent bacteria has been identified.

Because DCs express both low-affinity FcyRs [activating
(FcyRIII) and inhibitory (FcyRIIB)], we evaluated the differential
capacity of DCs deficient in individual FcyRs to degrade IgG-
coated virulent ST and to process and present bacterial antigens to
T cells. Our data suggest that the activating FcyRIII is the main
receptor responsible for targeting ST to the lysosomal pathway.
Furthermore, we show that, to efficiently degrade and present
ST-derived antigens to T cells, FcyRIII requires phosphoinositide-3
kinase (PI-3K) activity in DCs.

Results

Presentation of Bacteria-Expressed Antigens and T Cell Activation Is
Observed Only When Virulent ST Is Targeted to FcyRs on DCs. The
capacity of ST to evade adaptive immune responses finds support
from several recent independent studies (10, 11, 28-30). We and
others have reported that virulent strains of ST can efficiently evade
antigen presentation on DCs, preventing activation of bacteria-
specific T cells (10, 11, 15). Lack of T cell activation by DCs infected
with virulent ST strains expressing ovalbumin (ST-pOVA) as a
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