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Summary

The arachidonic acid (AA)-derived metabolites, termed eicosanoids, are potent lipid mediators
with a key role in immune and inflammatory responses. In the immune system, eicosanoids
such as prostaglandins (PGs) and leukotrienes (LTs) are produced predominately by antigen-
—presenting cells (APC), including macrophages and dendritic cells (DC). DC constitue a fami-
ly of bone marrow-derived professional APC that play a critical role in the induction and
modulation of both innate and adaptive immunity. For many years, macrophages were con-
sidered as major producers of eicosanoids that are thought to drastically affect their function.
Studies concerning the modulation of DC biology by eicosanoids show that PGs and LTs have
the potential to affect the maturation, cytokine-producing capacity, Th cell-polarizing ability,
and migration of DC. In addition, the development of DC from bone marrow progenitors
appears to be under the control of some eicosanoids. Understanding the actions of
eicosanoids and their receptors on APC functions is crucial for the generation of efficient DC
for therapeutic purposes in patients. In this review, we summarize the current understanding
of how DC functions are modulated by eicosanoids.
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INTRODUCTION

DC AS IMPORTANT SOURCE OF AA METABOLITES

Inflammatory processes are the physiological response
of an organism to various stimuli such as trauma, infec-
tions or immunological reactions®. These processes are
characterized by the stimulation of humoral and cellular
mediator systems and the release of a variety of inflam-
matory mediators, such as interleukin 1o (IL-1a) and
tumor necrosis factor o (TNF-a)*>%. An increase in the
levels of these mediators can result in the production of
other mediators, such as eicosanoids.

Eicosanoids constitute a family of oxygenated arachi-
donic acid (AA) derivatives that potently mediate
diverse physiological and pathophysiological processes®.
AA, the precursor of pro-inflammatory eicosanoids, is
released from membrane phospholipids by the action of
phospholipase A2 (PLA,) and is metabolized to
prostaglandins (PGs) and leukotrienes (LTs) by the
actions of cyclooxygenase (COX) and lipoxygenase
(LO) enzymes, respectively. Disordered activation of
PLA,, LO, and COX enzymes have been implicated in
many inflammatory diseases, such as rheumatoid arthri-
tis and inflammatory bowel diseases. PLA, is activated
by PLA,-activating protein and LO by 5-lipoxygenase-
activating protein. COX-2, the inducible isoform of
COX, is usually not present under basal conditions and
is induced by inflammatory stimuli, such as lipopolysac-
charide (LPS)! or interferon y (IFN-y)S. For example,
over-production of COX-2 and its major metabolite,
PGE,, has been found in many human cancers, and the
major host-response mechanisms known to be affected
by PGE, are tumor angiogenesis and immune responses™.

The immune system of vertebrate animals has evolved
to respond to different types of perturbations (invading
pathogens, stress signals...), limiting self tissue damage.
The decision to activate an immune response is made by
antigen-presenting cells (APC)!7. Among the APC that
constitute the immune system, dendritic cells (DC) play
a central role. They are professional APC able to initiate
innate and adaptive immune responses against invading
pathogens’. After their development in bone marrow,
immature DC migrate to the periphery (i.e. a nonlym-
phoid organ, such as the skin and mucosae), where they
actively internalize particles and proteins in the extra-
cellular fluid and have a weak stimulatory capacity on
naive T cells’. Internalized proteins are degraded into
peptides, which are captured by major histocompatibil-
ity complex (MHC) molecules for presentation at the
plasma membrane®. In response to inflammatory stim-
uli, DC cease their endocytic activity®, increase their
expression of MHC® 37 and co-stimulatory molecules'?
and produce large amounts of soluble mediators, includ-
ing cytokines, nitric oxide and AA-derived products.

DC differ from macrophages, which share a common
precursor, because macrophages are believed to be
more important for their production of cytokines than in
priming naive T cell responses®. For many years,
macrophages have been the focus of studies on the gen-
eration of AA-derived mediators, and these cells were
considered as a major source of eicosanoids derived
from COX and 5-LO pathways*>*. Considerable
amounts of data have been accumulated implicating the
ability of DC to produce AA metabolites, which modu-
late chemokines*, and cytokine**' production and
immune responses. More recently, we have reported
that in vitro-generated DC possess the whole enzymatic
equipment necessary for the biosynthesis of eicosanoids
starting with endogenous AA and produce a full range
of AA products, in particular PGE,?. Studies by other
investigators*>* have demonstrated that DC express the
5-LO pathway at marked levels in vivo and produce
LTB,. These findings suggest that by producing LO
products, DC may participate in inflammatory/allergic
reactions and the regulation of proximal steps of the
immune responses*.

EICOSANOIDS CONTRIBUTE TO THE GENERATION DC
FROM BONE MARROW CELLS

Since it is not easy to isolate DC in vivo because of their
low frequency*, we optimized their production in vitro by
seeding a myeloid precursor in the presence of granulo-
cyte macrophage colony-stimulating factor and IL-4.
The production, functional capabilities, and phenotypic
markers of the cells generated in vitro are related to the
growing factors and culture conditions used. We have
investigated the effect of PGE, and LTB, on the gener-
ation of DC from bone marrow (BM-DC). We observed
that the generation of BM-DC was diminished (-62%)
when cultures were initiated with exogenous PGE,, but
increased (+38%) in the presence of LTB,'®. One may
argue about the relevance of the data since it is not quite
clear that PGE, is regularly produced as a lipid com-
pound of the bone marrow. In fact, it is very well known
that PGE, affects hematopoiesis'® 1344 and that the
bone marrow contains monocytes and macrophages that
generate a large variety of inflammatory lipids, includ-
ing eicosanoids®* as well as platelet-activating factor!.
Hence it is quite possible that PGE, from the bone mar-
row modulates hematopoiesis, explaining why in the
presence of indomethacin (a COX inhibitor) the pro-
duction of BM-DC increased by 24%, suggesting that
endogenous PGE, might play a role during the genera-
tion of DC from bone marrow progenitors. Addition of
exogenous LTB, clearly enhanced the generation of
BM-DC in vitro, while Nor-dihydroguarinic acid (a LO
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inhibitor) appears to be a potent inhibitor of the gener-
ation of DC. Further studies with different culture con-
ditions and different subsets of human DC are necessary
to clarify the role of PGE, and other lipid mediators in
the generation of DC for clinical and therapeutic pur-
poses in patients.

LIPID MEDIATORS AS POTENT MODULATORS OF DC
FUNCTIONS

The inflammatory response that initiates DC maturation
and migration involves soluble mediators, including
cytokines, nitric oxide and metabolites of COX and LO
pathways, such as PG and LT?. Although the role of
cytokines in DC biology and function has been studied
extensively, the effect of lipid mediators on DC has only
recently become the focus of investigations. Many new
and important data have emerged concerning the effects
of COX metabolites, in particular PGE, and PGD, and
5-LO products, such as LTC,%, on DC functions.

PGE, is one of the best known and most well studied of
COX products. In the immune system, PGE, is mainly
produced by APC and exerts its actions, in part, through
G protein-coupled PGE receptors, designated EP,, EP,,
EP,, and EP,, with different second messenger signaling
pathways®. Differential expression and regulation of
these E prostanoid (EP) receptors mediate the diverse,
and often antagonistic, effects of PGE, and its analogues
on a variety of cell types®: %, We have recently reported
that in vitro-generated BM-DC express all EP recep-
tors!® and EP,/EP, receptors play a central role in mod-
ulating DC functions by PGE,. Our study confirms the
fact that EP, and EP, have generally been associated
with immunological modulation, as reported by other
investigators®.

When considering the question of DC differentiation
and maturation, many new and interesting data have
emerged concerning the role of PGE,, which affects
the activity of DC in a variety of ways depending on
the maturational stage of these APC. In fact, PGE,
may act as an enhancer of DC differentiation and
affect the Th cell driving ability of DC. Previous stud-
ies have reported that addition of PGE, to a cocktail
of pro-inflammatory cytokines, such as IL-1f3, TNF-a
and IL-6, promotes DC maturation and alloantigen-
naive CD4* T cell stimulation by human monocyte-
derived DC?”% . However, used alone, PGE, was
ineffective, suggesting that this lipid mediator is only
a cofactor of pro-inflammatory cytokine-induced DC
differentiation®. It also has been reported that COX-
2-derived PGE, secreted by immature human DC is
able to auto-regulate DC differentiation in a DC
autocrine loop™.

Another established function of PGE, is the regulation
of cytokine production by APC, including macrophages
and DC. Because IL-12 production by APC is central to
the orchestration of both innate and acquired cell-medi-
ated immune responses to many pathogens*, the 1L-12
producing capacity of DC has been investigated in
response to inflammatory stimuli. The general consen-
sus is that PGE, suppresses the secretion of DC-derived
IL-12p70, which occurs through different and indepen-
dent mechanisms. In a recent study?? we have demon-
strated that PGE,-primed DC produce high levels of
IL-10, which inhibits the production of IL-12p70. Other
investigators® reported an inhibition of IL-12p70 by
increasing the levels of IL-12p40. These results suggest
that the inhibition of IL-12 production by PGE, implies
a feed-back mechanism at the levels of APC*, and mol-
ecules released during inflammation may have influence
on IL-12 production by APC, which are highly suscepti-
ble to the induction of tolerance induced by PGE,*.

Among the DC-polarizing mediators produced at sites
of inflammation/infection or during DC-T cell contact,
recent studies suggest that PGD, and its metabolite
PGJ, may play a key role in immune responses by affect-
ing DC functions. In fact, PGD, inhibits the production
of IL-12p70 by CD40 ligand- or LPS-activated DC
through multiple signaling pathways>®.

In addition to their potential to modulate the matura-
tion, IL-12-producing capacity and Th cell-polarizing
ability of DC, there is new direct evidence that PG reg-
ulate chemokine receptor expression and migration of
DC. Recently, two studies have addressed the effect of
PGE, on DC migration. It has been reported that in the
presence of IL-la and TNF-a, PGE, up-regulates
CCR7 expression and enhances DC migration in
response to CCL19 or CCL21 (the so-called migratory
type of human DC)?. In these conditions, DC secrete
low levels of IL-12p70 and stimulate proliferation of
CD4* T cells with Th1 and Th2 phenotypes. By contrast,
human DC matured with CD40 in the absence of PGE,
respond weakly to CCR7 ligands, secrete high levels of
IL-12p70 and pro-inflammatory cytokines (the so-called
pro-inflammatory type of human DC) and promote pro-
liferation of a Th1 response®. Interestingly, this second
type of APC becomes the migratory type of DC when
cultured in the presence of CD40 ligand with PGE,, sug-
gesting that DC function depends on the culture condi-
tions used in vitro, and PGE, permits the generation of
different subsets of DC with the ability to induce Th cells
to secrete an ample cytokine repertoire, and not only
Th2 cytokines, as demonstrated previously by Kalinski
et al.”. Depending on the site of encounter, PGE, has
both inhibitory and stimulatory effects on DC activation.
In peripheral tissues, PGE, seems to enhance DC activity.
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In lymphoid organs, this lipid mediator plays an inhibito-
ry role by decreasing MHC class II expression and alter-
ing the APC function of DC, as demonstrated by our
study?. In contrast to PGE,, PGD, produced locally in
the peripheral tissues inhibits the migration of DC to the
lymph nodes?.

Among the panel of AA metabolites produced by BM-
-DC, we noticed that LTB4 is released but in lower
quantity compared with PGE,?.. It was reported before
that LTB, up-regulates IL-1, IL-2 and IFN-y production,
and enhances natural killer cell activity? — effects which
are quite opposite to what is usually known concerning
the immunomodulation induced by PGE,. When we
investigated the effects of LTB, on BM-DC phenotype
and functions, we found that neither exogenously added
nor endogenously produced LTB, had any effect?.
However, we demonstrated that treatment of BM-DC
with LTB, dose-dependently enhanced the release of
endogenous IL-6, without any effect on IL-10'. These
results suggest that eicosanoids, such as PGE, and LTB,,
differentially modulate the ability of DC to secrete bioac-
tive cytokines.

CONCLUSIONS

The production, functional capabilities, and phenotypic
markers of DC generated in vitro are related to the grow-
ing factors used. In our study, we report that the gener-
ation of DC issued from bone marrow progenitors, as
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