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ABSTRACT

Dendritic cells (DCs) are key in regulating immune responses. DCs reside in tissues facing the environ
ment and sample their surrounding for pathogens. Upon pathogen encounter, DCs mature and migrate
into secondary lymphoid organs. Distinct maturation signals dictate the ability of DCs to produce distinct
patterns of chemokines that orchestrate immunity. Prostaglandin E, (PGE,) is produced during inflamma
tion and modulates DC functions. We demonstrate that PGE; modulates distinct chemokine expression
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patterns of human monocyte derived (Mo) DCs upon maturation with various stimuli. PGE, dampened
early production of the inflammatory chemokines CCL2, CCL4, CCL5 and attenuated the expression of
the T cell attractant CXCL10. In contrast, PGE; enhanced CXCL8 production early during maturation,

whereas CXCL16 levels were continuously elevated, contributing to innate immune cell recruitment.
Moreover, PGE, induces transcription of the homeostatic chemokines CCL17 and CCL22. Finally, mature
MoDCs produced the homing chemokine CCL19 and its expression was down regulated by PGE,.

1. Introduction

Dendritic cells (DCs) are the most potent antigen presenting
cells (APCs) capable of inducing adaptive immunity or tolerance
[1,2]. In their immature state, DCs are strategically located at
routes of pathogen entry and constantly scan the surrounding
environment for antigens derived from invading pathogens [3].
Upon antigen uptake, DCs undergo a maturation process initiated
by i.e. inflammatory cytokines, co stimulatory molecules, bacterial
or viral products, and migrate to the draining lymph node to pres
ent the processed antigens to T cells [3,4]. Of note, DCs at different
maturation stages produce distinct chemokine expression pattern
which enables them to actively orchestrate the immune response
by sequentially attracting innate and adaptive immune effectors.
Under inflammatory conditions for instance, DCs are described to
rapidly and transiently secrete mainly pro inflammatory chemo
kines early during maturation, attracting other immature DCs as
well as monocytes/macrophages [5]. Interestingly, recruited
monocytes themselves can differentiate into DCs [6]. Later during
maturation, DCs produce constitutive and homing chemokines

Abbreviations: MoDCs, monocyte-derived dendritic cells; PGE,, prostaglandin
E,; CTL, cytotoxic T cell; NK cell, natural killer cell; fMLP, N-formyl-methionine-
leucine-phenylalanine.
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[5]. Upon challenging DCs with influenza viruses, three coordi
nated successive waves of chemokine production were described
[7]. In the first wave observed shortly after infection, chemokines
are secreted that potently recruit neutrophils, cytotoxic T cells
(CTLs) and natural killer (NK) cells. In the second wave, chemo
kines attracting effector memory cells are produced, while in the
third wave occurring after full DC maturation homing chemokines
are released that recruit naive T and B cells [7]. Moreover, also the
quality and magnitude of chemokine expression by DCs was shown
to depend on the activation stimulus [8,9]. In addition, DCs also
change their responsiveness to chemokines upon maturation.
Maturing DCs loose their migratory response to inflammatory
chemokines permitting the emigration from the inflamed tissue.
Simultaneously, antigen loaded DCs up regulate surface expres
sion of the lymph node homing chemokine receptor CCR7
[10 12]. It is well known that the environment in which DCs take
up antigens and undergo maturation designates the quality of the
immune response [4,13], presupposing that DCs can recognize
distinct sources of activation [9]. We and others discovered that
efficient CCR7 dependent DC migration requires prostaglandin E;
(PGE;) early during maturation in vitro [14 16] and in vivo [17].
The arachidonic acid metabolite PGE, is rapidly produced by many
cell types in inflammation and has major functions in regulating
immune responses [13]. Thereby, PGE, participates in the outcome
of adaptive T cell responses by regulating co stimulatory
molecules [18], cytokines [14,19 23] and certain chemokines
[16,20,24 28].
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Due to their natural function in orchestrating immune re
sponses, human monocyte derived DCs (MoDCs) are widely used
as cellular vaccines in immunotherapy [29 33] and the effective
ness depends on their maturation state [34]. For the use of MoDCs
in immunotherapies, different DC maturation protocols are contro
versially discussed [24,35,36]. Depending on the maturation proto
col used, the following biological function can be favored: DC
migration [14,15], the capacity to stimulate T cells [18,35 37] or
the ability to recruit effector cells [16,20]. Nowadays, the majority
of clinically approved MoDC maturation protocols contain either
PGE; [19] or IFNa [35] with different chemokine expression pat
terns [16,20,24,27,36]. These studies either focused on distinct
groups of chemokines regulated by PGE; [16,24] or compared mat
uration protocols in terms of their attracting capabilities [36].
However, there is no diversified study on the impact of PGE, on
chemokine expression in human MoDCs in combination with dif
ferent maturation stimuli despite major implications in immune
regulation and immunotherapy. Here, we provide a diversified
study describing the influence of PGE, on the production of a num
ber of key chemokines by MoDCs matured with different stimuli
mimicking various conditions of DC activation.

2. Materials and methods
2.1. Generation of human MoDCs

Human MoDCs were generated from whole blood of healthy do
nors under serum free, clinically relevant conditions as previously
described [15,18]. Briefly, peripheral blood mononuclear cells
(PBMC) were isolated by density gradient centrifugation on Ficoll
Paque Plus (Amersham Biosciences, Uppsala Sweden) and mono
cytes were positively selected by using anti CD14 conjugated
microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany). Mono
cytes were differentiated into immature MoDCs for 5 6 days in
serum free AIM V medium (Gibco, Paisley, UK) supplemented with
50 ng/ml GM CSF and 50 ng/ml IL 4 (Peprotech, London, UK). Fully
differentiated, immature DCs were harvested and matured for indi
cated time points by adding 0.5 pg/ml soluble trimeric CD40L
(sCD40L; PromoCell, Heidelberg, Germany), 20 pig/ml poly I:C (Sig
ma, Saint Louis, MO), 10 pg/ml LPS (Salmonella abortus equi; Sigma)
or a cocktail of cytokines including 20 ng/ml TNFa, 20 ng/ml IL 6
and 10 ng/ml IL 1B (PeproTech, London, UK and PromoCell) in
the presence or absence of 1 pug/ml PGE, (Minprostin® E2, Pharma
cia, Uppsala, Sweden) at a final cell density of 1 x 10° cells/ml.
Blood donation for research purposes was approved by the ethics
committee of Canton Thurgau and individual donors gave written
consent.

2.2. Quantitative real time RT PCR

Total RNA of MoDCs was isolated using the RNeasy Mini Kit
(Qiagen, Hilden, Germany) and transcribed into cDNA using
random hexamer primers and the HiCapacity cDNA Reverse
Transcription Kit (Applied Biosystems, Rotkreuz, Switzerland)
according to the manufacturer’'s instructions. Amplification of
human CCL2, CCL4, CCL5, CCL17, CCL22, CXCL8, CXCL10, CXCL13
and CXCL16 transcripts was performed using the Fast SYBR Green
PCR Master Mix on a 7900HT Fast Real Time PCR System (Applied
Biosystems) with an initial denaturation step at 95° for 20s
followed by 40 cycles of 1s at 95°C and 20s at 60 °C. Forward
and reverse primers were used at a concentration of 200 nM with
the following sequences: CCL2: 5" ACTCTCGCCTCCAGCATGAA, 5
TTGATTGCATCTGGCTGAGC; CCL4: 5 CGCCTGCTGCTTTTCTTACAC,
5" GGTTTGGAATACCACAGCTGG; CCL5: 5 GAGTATTTCTACACCAG
TGGCAAGTG, 5 CCCGAACCCATTTCTTCTCTG or 5 GCCCACATCAA
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GGAGTATTTCTACA, 5 CGGTTCTTTCGGGTGACAA; CCL 17: 5" GTCA
CCGCCTGCTGATGG, 5 CCAGGGCCAGCATCTTCA; CCL20: 5’ AAAAG
TTGTCTGTGTGCGCAAA, 5 TTGGGCTATGTCCAATTCCATT; CCL22:
5" CTGCCGTGATTACGTCCGTTA, 5 TCCTTATCCCTGAAGGTTAGCAAC;
CXCL8: 5’ CCTTCCTGATTTCTGCAGCTCT, 5 GGTGGAAAGGTTTGGA
GTATGTCT; CXCL10: 5 CCAGAATCGAAGGCCATCA, 5 CTCTGTGT
GGTCCATCCTTGG; CXCL16: 5 CAACGAGGGCAGCGTCA, 5 AAAGG
AGCTGGAACCTCGTGT. For amplification of human CCL19 mRNA
and for verification of CCL5 mRNA expression the following Taq
man® Gene Expression Arrays (Applied Biosystems) with identical
thermal conditions were used: CCL19: Hs00171149_m1; CCL5
Hs99999048_m1. The mRNA expression was normalized to the
house keeping genes 3 2 microglobulin (82M; primers: 5 GCTATC
CAGCGTACTCCAAAGATTC and 5 CAACTTCAATGTCGGATGGATGA)
and ubiquitin C (UBC, primers 5 ATTTGGGTCGCGGTTCTTG and
5’ TGCCTTGACATTCTCGATGGT) using Fast SYBR Green PCR Master
Mix (Applied Biosystems). The mRNA expression was calculated by
the AACt method and depicted as relative expression to immature
DCs.

2.3. Cytokine production

Supernatants of terminally differentiated, immature MoDCs and
MoDCs matured for 48 h from the same donor were centrifuged
and stored at 80°C. The amount of soluble chemokines was
quantified using Human Quantikine ELISA Kits (R&D Systems, Min
neapolis MN) specific for CCL2, CCL4, CCL5, CCL17, CCL20, CCL22,
CXCL8, CXCL10, CXCL13 and CXCL16. Concentrations of human
CCL19 in supernatants were detected by sandwich ELISA. Briefly,
MaxiSorp ELISA plates (Nunc, Roskilde, Denmark) were coated
overnight with 5 pg/ml anti human CCL19/MIP 38 capture anti
body (#AF361; R&D Systems) in 100 pl PBS at 4 °C followed by
washing (0.02% Tween 20 in PBS) and blocking with 3% bovine
serum albumin (BSA) in PBS for 1h at room temperature. DC
supernatants (100 pul) were added to the wells, incubated for 1 h,
washed and incubated with 2.5 pg/ml biotinylated anti CCL19/
MIP 38 antibody (#BAF361; R&D Systems) in 100 pl PBS/3% BSA
for 1 h. Subsequently, plates were washed and incubated with a
1:200 dilution of streptavidin horseradish peroxidase (R&D
Systems) in PBS/3% BSA. After washing, plates were incubated with
100 ul 3,3,5,5' tetramethylbenzidine (Sigma), the reaction was
stopped with 50 pl of 1 M H,SO4 and absorbance was measured
at 450 nm. Graded amounts of recombinant human CCL19 (Pepro
tech) were used as standards. Evaluation of ELISA data was
assessed using Magellan™ Data Analysis Software (Tecan Group
Ltd., Switzerland).

2.4. Statistical evaluation

Statistical analysis of samples treated with or without PGE, was
performed using GraphPad InStat (GraphPad Software Inc., La Jolla,
CA) applying the Student’s paired t test. Protein concentrations
above the upper detection limit were excluded from statistical
analysis.

3. Results

DCs are known to be a rich source of chemokines and, impor
tantly, differentially change the chemokine production pattern
depending on the stimuli and the maturation stage. To determine
the influence of PGE, on MoDC chemokine expression patterns,
we generated human MoDCs under serum free, clinically relevant
conditions and matured them with either the TLR3 ligand poly I:C,
the TLR4 ligand LPS, the cytokine cocktail consisting of IL 6, IL 1B
and TNFo (CC), or with soluble trimeric CD40 ligand (sCD40L), in
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the presence or absence of PGE,. Flow cytometric control experi
ments revealed that monocytes fully differentiated into MoDCs
(by losing CD14 staining), that MoDCs expressed the markers
HLA DR, CD80 and CD86 and up regulated CCR7 and CD83 upon
maturation as expected (data not shown) and as described previ
ously [15,18]. Chemokine mRNA expression of MoDCs was deter
mined by quantitative real time RT PCR after differentiation
(immature DCs) as well as 6 h or 1 d after addition of different mat
uration stimuli and mRNA expression is depicted in relation to
immature DCs. Secretion of chemokine proteins into the culture
supernatant was measured by ELISA after 2 d of maturation of fully
differentiated MoDCs. We first investigated the role of PGE, in
modulating the expression pattern of chemokines primarily in
volved in the recruitment of immediate immune effectors. The
inflammatory chemokine CCL4 (MIP 1B) was shown to be ex
pressed by DCs upon maturation and attracts monocytes, imma
ture DCs, NK cells, as well as various T cell subsets via the
chemokine receptor CCR5 [10,26,38,39]. As depicted in Fig. 1A,
CCL4 mRNA was strongly expressed in human MoDCs within the
first hours of maturation and its expression rapidly declined inde
pendent of the maturation stimulus used. The presence of PGE; led
to a significant down regulation of CCL4 mRNA (mean values of
relative mRNA expression in arbitrary units reduced by PGE,: from
106 to 53 (poly I:C), 56 to 8.5 (CC), 222 to 34 (LPS) and 33 to 11
(sCD40L) after 6 h of maturation or 3.7 to 0.16 (poly I:C), 1.9 to
0.07 (CC), 20 to 0.24 (LPS) and 0.7 to 0.15 (sCD40L) after 1 d of mat
uration), substantiated by a PGE, mediated decrease in protein
expression (protein concentration in ng/ml: from >41 to 20 (poly
I:C), from >41 to 8.3 5.5 (CC), from >41to 17 2.2 (LPS), or > 41
0.2 to 8.2 2.1 (sCD40L)) (Fig. 1A), confirming previous results in
murine LPS matured BMDCs [26]. A sustained mRNA expression
of CCL5 (RANTES) was measured in MoDCs matured with either
sCD40L, poly I:C or LPS (mean values: 16, 362 or 458 (6 h); 11,
320 or 464 (1 d), respectively), but CCL5 mRNA levels strongly de
creased within 1d of maturation with inflammatory cytokines
(mean values: 251 (6 h) and 47 (1 d)) (Fig. 1A). CCL5 protein levels

in sCD40L matured MoDCs were below the detection limit. The
presence of PGE; during maturation decreased CCL5 mRNA expres

sion and protein secretion after TLR3 and TLR4 activation (mean
values: 362 in the absence ( PGE;) to 320 in the presence of
PGE, (+PGE;) (6 h), 320 186 (1d) (poly I:C) or 458 254 (6 h),
465 97 (1d) (LPS) and protein secretion from >41 16 ( PGE;)
to 21 9.5 (+PGE;) for poly I:C or =41 4.3 to 2.2 0ng/ml for
LPS matured MoDCs) (Fig. 1A). Interestingly, poly I:C and LPS ma

tured MoDCs produced the highest concentrations of CCL5 which
was reduced in presence of PGE, (Fig. 1A). Expression of CCL2
(MCP 1) was detected early after MoDC stimulation (Fig. 1A) and
was dampened or fully inhibited by PGE, on both mRNA (to mean
values from 41 ( PGE;) to 5.2 (6 h) (+PGE;), 10 to 0.1 (1 d) for poly
I:C;13t00.3(6h),3.4t00.1(1d)for CC; 47 to 0.4 (6 h), 7.6 to
0.03 (1d) for LPS ; 11 to 1.1 (6 h), 0.7 to 0.5 (1 d) for sCD40L ma

tured DCs) and protein levels (from 20 11 ( PGE;) to 2.3 1.1
(+PGE,) for poly I:C , 4.4 0.2 to 0.4 0 for CC, 19 4.2 to 0.2 O for
LPS and 10 0.4 to 13 0.3 ng/ml for sCD40L matured MoDCs)
(Fig. 1A).

Upon viral infection, DCs were reported to express and rapidly
secrete CXCL8 (IL 8) [7] thereby attracting granulocytes via CXCR1
and CXCR2 [40]. We observed an early and robust induction of
CXCL8 transcription and protein secretion under all maturation
conditions (Fig. 1B). Interestingly, PGE, up regulated CXCL8 pro
duction in stimulated MoDCs, except for TLR4 activated DCs where
PGE, down regulated CXCL8 production after one day of matura
tion (to mean values from 121 ( PGE;) to 224 (+PGE;) (6 h), 19
to 23 (1d) for poly I:C ; 1013 to 1562 (6 h), 32 to 52 (1d) for
CC ; 1246 to 1315 (6 h), 517 to 147 (1d) for LPS ; 61 to 156
(6h), 1.5 to 4.5 (1d) for sCD40L and protein secretion from
19 73 to 47 129 for poly I:C, 0.3 166 to 48 269 for CC, 139
531 to 104 191 for LPS and 0 36 to 0 51 ng/ml for sCD40L
matured MoDCs) (Fig. 1B).

Upon activation, DCs were also reported to attract immune
effectors harboring the chemokine receptor CXCR6 [7], such as
NK T cells, Th1 cells and CTLs [41] by the production of the soluble
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Fig. 1. Modulation of chemokine expression patterns of human MoDCs by PGE,. Human peripheral blood monocytes were differentiated to immature MoDCs for 5-6 days in
the presence of GM-CSF and IL-4. Immature MoDCs were stimulated with different maturation stimuli for indicated time points in the absence (open symbols) or presence
(closed symbols) of PGE,. (left panel) Chemokine mRNA levels after 6 h and 1 d of maturation were determined by quantitative real-time RT-PCR and are depicted as relative
expression to immature DCs. Mean values and SEM from 3 to 5 individual donors is depicted. (right panel) Supernatants of terminally differentiated, immature MoDCs and of
MoDCs matured for 2 d derived from four individual donors were collected and chemokine protein secretion was assessed by specific ELISA. Chemokine concentrations above
the upper limit are described with the upper detection limit (i.e., >40 ng/ml). Donors, where both values exceeded the detection limit were excluded. Concentrations below
the detection limit were considered as 0 ng/ml. *p < 0.05; **p < 0.01; ***p < 0.001 by students two tailed paired t-test.
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form of CXCL16 [42]. As shown in Fig. 1B, activated MoDCs consti

tutively expressed and secreted CXCL16, which was significantly
increased by PGE; (to mean values from 0.8 ( PGE;) to 1.2
(+PGE;) (6 h), 0.8 to 1.5 (1d) for poly I:C ; 1.1 to 1.5 (6h), 0.7 to

Fig. 1 (confinued)

1.8 (1d) for CC ; 1.8 to 1.6 (6h), 0.7 to 1.5 (1d) for LPS ; 1.0 to
1.5 (6 h), 1.0 to 2.0 (1 d) for sCD40L and protein secretion from
1 4to2.1 65 forpoly I:C, 1.4 28t0 2.2 52forCC,1.3 28 to
3.3 4.7 for LPS and 2.2 5.6 to 4.0 4.5 ng/ml for sCD40L matured
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MoDCs. Matured MoDCs also expressed the membrane anchored
form of CXCL16, however, we did not observe obvious surface
expression changes of CXCL16 by PGE, (data not shown).

After establishing a first line of defense, maturing DCs were
shown to release the CXCR3 ligands CXCR9 (MIG), CXCR10 (IP
10) and CXCR11 (I TAC) to attract Th1 and effector memory T cells
[7,24]. Upon TLR3 or TLR4 ligation on human MoDCs, we detected a
dramatic increase of CXCL10 transcripts within the first hours of
maturation (Fig. 1B). Stimulation of MoDCs with inflammatory
cytokines or sCD40L also induced CXCL10 mRNA expression but
to a lesser extend compared to TLR stimulated MoDCs. CXCL10
mRNA expression was significantly dampened by PGE, for all mat
uration stimuli (to mean values from 57291 ( PGE,) to 20034
(+PGE,) (6 h), 23986 to 36 (1d) for poly I:C ; 6.5 to 0.7 (6 h), 11
to 0.2 (1d) for CC ; 28071 to 459 (6 h), 800 to 0.7 (1 d) for LPS ;
24 to 2.6 (6h), 53 to 0.8 (1d) for sCD40L matured MoDCs)
(Fig. 1B). These findings were confirmed on CXCL10 protein levels
(protein secretion decreased by PGE, from >28 17 to 2.6 6.4 for
poly I:C, 27 3.7 to 0 0.3 for LPS and 0.08 0.5 to 0ng/ml for
sCD40L matured MoDCs) (Fig. 1B).

Next, we investigated the expression of inflammatory and
homeostatic CCL20 (MIP 3a,/LARC) in MoDCs, a chemokine induced
early upon maturation and known to attract various T cell and DC
subsets expressing CCR6 [12,43 45]. PGE, significantly increased
early CCL20 expression if MoDCs were matured with poly I:C or
inflammatory cytokines (mean values of rel. mRNA expression from
717 ( PGE;) to 906 (+PGE,) (6 h), 133 to 122 (1 d) for poly I:C ;
3043 to 5701 (6 h), 430 to 699 (1 d) for CC and protein concentra
tions from 0.17 0.23 to 0.14 0.2 for poly I:C , and 0 0.24 to 0.08
0.32 ng/ml for CC matured MoDCs), whereas in sCD40L stimulated
MoDCs the increase was not significant (from 941 ( PGE;) to 1607
(+PGE) (6 h), 97 to 238 (1 d) with protein concentrations from 0
0.06 to 0 0.18 ng/ml). Despite an initial increase of CCL20 mRNA
expression after 6 h in poly I:C matured MoDCs, PGE, decreased
CCL20 protein concentrations in the majority of tested donors (pro
tein concentrations: from 0.07 0.23 to 0.14 0.2 ng/ml). In contrast,
PGE, insignificantly decreased CCL20 expression in LPS stimulated
MoDCs (mean values of rel. mRNA expression from 13182 to 9619
(6 h), 2147 to 526 (1 d) and protein concentrations from 0 0.24 to
0.11 0.24 ng/ml) (Fig. 1C). We also investigated the family of lym
phoid organ associated homeostatic chemokines. CCL17 (TARC)
and CCL22 (MDC) were shown to be constitutively expressed by
DCs and to bind to CCR4 on T helper cell subsets, including Th17
cells, and regulatory T cells [24,28,46 49]. As expected, MoDCs con
stitutively expressed high amounts of CCL22 in response to sCD40L,
poly I:C, LPS or inflammatory cytokine stimulation (Fig. 1C). PGE,
slightly, but significantly induced CCL22 transcription mainly early
during maturation (to mean values from 0.7 (  PGE;) to 1.3 (+PGE;)
(6h),1.2t02.2(1d)for polyI:C ; 2.4t04.6 (6 h),7.9t0 8.0 (1d) for
CC;1.4t023(6h),23t03.2(1d)forLPS ; 1.6 to 1.8 (6 h), 2.4 to
2.1 (1d) for sCD40L matured MoDCs). Significantly increased
CCL22 secretion by PGE, was only observed in MoDCs matured with
poly I:C, whereas MoDCs matured with the other stimuli secrete
substantial amounts of CCL22 independently on the presence of
PGE; (from 0 144 ( PGE;) to 161 294 (+PGE,) for poly I:C , 253
542 to 287 418 for CC, 224 570 to 214 408 for LPS and 360
632 to 271 437 ng/ml for sCD40L matured MoDCs) (Fig. 1C). Of
note, in MoDCs matured solely by TNFo, PGE; was shown to either
decreased [20] or increased [24] CCL22 expression, whereas in
MoDCs matured with [FNoo and TNFo, PGE, did not regulate
CCL22 transcription [24]. In line with other reports using only
TNFo matured DCs [20], our results demonstrate that PGE, in
creased CCL17 mRNA expression in the first 24 h of maturation
and independent of the stimulus (Fig. 1C) maturation (to mean val
ues from 1.6 ( PGE;) to 1.3 (+PGE,) (6 h),4.3to 17 (1 d) for poly I:C
;44t05.2(6h),12t0 20 (1d) for CC ; 3.0 to 4.2 (6 h), 6.3 t0 9.8

(1d) for LPS ; 3.0 to 2.6 (6 h), 13 to 91 (1 d) for sCD40L matured
MoDCs) However, we could detect a PGE, dependent, elevated
CCL17 secretion in poly I:C, sCD40L and in inflammatory cytokine
matured MoDCs (protein secretion modulated by PGE, from 0 66
to 80 137 for poly I:C, 63 119 to 75 176 for CC, 171 204 to
89 181 for LPS and 0 83 to 27 147 ng/ml for sCD40L matured
MoDCs) (Fig. 1C).

Finally, DC derived CCL19 (ELC/MIP 3B) was suggested to re
cruit naive T cells at the early T cell priming phase to increase
the frequency of DC T cell interactions, whereat PGE, was reported
to down regulate CCL19 in type 1 polarized MoDCs [16]. In our
experiments, we observed that MoDCs transcribed CCL19 exclu
sively at late TLR or cytokine induced maturation stages and that
PGE, dampened the expression of CCL19 (to mean values from 7.4
( PGE) to 4.7 (+PGE,) (6 h), 118 to 89 (1 d) for poly I:C ; 14 to 1.8
(6h),29t019(1d)for CC ; 10to 2.5(6 h), 161 to 20 (1 d) for LPS ;
1.0 to 0.3 (6h), 30 to 14 (1d) for sCD40L matured MoDCs)
(Fig. 1D). TLR3 activated MoDCs produced the highest amount of
CCL19 with detectable amounts in supernatants of MoDCs matured
in presence of PGE,, whereas chemokine secretion in supernatants
of sCD40L matured MoDCs was undetectable (protein secretion:
0.26 0.74 ( PGE;) to 0.1 0.2 (+PGE,) for poly I:C, 0.22 0.3 to 0
0.07 for CC, 0.12 0.6 to 0 ng/ml for LPS matured MoDCs) (Fig. 1D).

4. Discussion

Understanding mechanisms that regulate DC behavior and the
outcome of an adaptive immune response is still a central question
in immunology. Divergent maturation signals and mediators, like
PGE,, from the environment shape DC functions resulting in dis
tinct adaptive immune response. PGE, is an important lipid medi
ator involved in many biological processes and represents a key
player in the regulation of the immune system [13]. Depending
on context and environment, PGE, can promote or dampen im
mune responses [13,50]. PGE; production is highly induced upon
infection or inflammation and accounts for the classical symptoms
of swelling, redness, vasodilatation and pain [13]. As exemplified
for viral infection, DCs are among the first cells to arrive at the
virus entry sites. They take up antigens and subsequently orches
trate the immune response by their ability to attract further im
mune effectors [7]. In the present study, we show an increased
expression of the neutrophil and NK cell attracting chemokine
CXCL8 within the first hours of MoDC maturation, which is in line
with other observations [7]. We report for the first time that PGE,
increases CXCL8 expression in MoDCs matured with inflammatory
cytokines, poly I:C or sCD40L, but not if MoDCs are challenged with
LPS. For the latter, it is tempting to speculate that this phenomenon
displays a negative feedback regulation as bacterial pathogens
themselves are a rich source of the formyl peptide fMLP that at
tracts neutrophils [51]. Moreover, we discovered a continuous in
crease of CXCL16 expression by MoDCs in the presence of PGE,
which augments immigration of CXCR6 expressing NK T cells,
naive CTLs and a subset of T helper cells into inflamed tissue or sec
ondary lymphoid organs. In contrast, we found that the presence of
PGE; led to a strong down regulation of the pro inflammatory che
mokines CCL2, CCL4, CCL5 and CXCL10. As a consequence, PGE; im
pairs the attraction of cells expressing CCR2, such as neutrophils,
monocytes, immature DCs, NK cells and T cell subsets that are in
volved in early immune responses [48,52] as well as immune effec
tors expressing CCR5. Moreover, the impaired ability to attract
important immune effectors, such as monocytes, immature DCs
or effector T cell subsets, supports the notion that PGE, might in
duce an anti inflammatory behavior of DCs [24,26,53]. Moreover,
our data suggest that PGE, alters the recruitment ability of DCs
to attract specific immune effectors, probably to prevent excessive
adaptive immune responses, but favors the attraction of primarily



innate immune effectors such as neutrophils and NK cells through
elevating the expression of CXCL8 and CXCL16. Furthermore, we
detected a DC maturation stimulus dependent regulation of the
homeostatic chemokines CCL17, CCL20 and CCL22 by PGE,. In an
earlier study, PGE; was shown to up regulate CCL22 mRNA expres

sion in human immature DCs [47] and DCs matured with TNFo
alone [24,47]. The authors therefore suggested that addition of
PGE; to the maturation stimulus of DCs prepared for immunother

apies increased the ability of DCs to interact with regulatory T cells
[24]. In contrast, another study showed that using the same condi

tion, PGE, down regulated CCL22 expression [20], whereas DCs
matured by TNFo in combination with IFNo [24] or in combination
with LPS and IL 18 [48] expressed similar amounts of CCL22 inde

pendently on the presence of PGE,. Latter is in line with our data
indicating that CCL22 was constitutively expressed in MoDCs ma

tured by all four stimuli tested, and that PGE; did not substantially
change the expression profile. Intriguingly, the homeostatic che

mokines CCL17, CCL20 and CCL22 can attract FOXP3"* regulatory
T cells as well as Th17 cells which share a similar receptor expres

sion pattern [49]. This is of interest because Th17 cells play key
roles in several PGE, mediated autoimmune diseases [54] and
were shown to promote CTL activation in tumor immunity [55].
For the latter, the use of PGE, in clinical maturation protocols
might offer beneficial perspectives. Furthermore, we corroborate
recent findings [16] and provide further evidence that PGE,
down regulates CCL19 expression independent of the maturation
stimulus. Of note, we found that MoDCs did not secret CCL21
(SLC/6Ckine) or CXCL12 (SDF 1). Interestingly, we were able to de

tect a slight up regulation of the B cell attracting chemokine
CXCL13 by PGE,, enabling DCs to mediate T cell dependent B cell
activation. Pilot experiments indicated that MoDCs matured by
poly I:C produce low amounts of the B and follicular T helper cell
attracting chemokine CXCL13 (BCA 1) exclusively in the presence
of PGE,, whereas no CXCL13 production with other DC maturation
stimuli suggesting different outcomes in B cell activation.

5. Conclusion

Our results reveal that PGE; plays a pivotal role in modulating
the pattern of chemokine expression by DCs undergoing matura
tion and underscores the high plasticity of chemokine expression
in human MoDCs in response to distinct stimuli. For instance, in
MoDCs stimulated with inflammatory cytokines and upon TLR3
triggering, PGE, rapidly (within 6 h) up regulates the chemokines
CXCL8 and CXCL16 known to recruit innate immune cells such as
neutrophils and NK cells. Of note, up regulation of CXCL16 by
PGE, is persistent, leading to further attraction of CXCR6 express
ing NK T cells, naive CTLs and subsets of T helper cells. Moreover,
PGE, induces transcription of the homeostatic chemokines CCL17
and CCL22 dependent on the maturation stimuli. However, PGE,
suppresses expression of the inflammatory chemokines CCL2,
CCL4 and CCL5, as well as CXCL10 early upon DC maturation as
well as at later time points where DCs most likely arrived in lymph
nodes and hence contributes to T cell differentiation during anti
gen presentation.
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