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Abstract
The immunoregulatory cytokine IL-10 plays an essential role in down-modulating adaptive and
innate immune responses leading to chronic inflammatory diseases. In contrast, cysteinyl
leukotrienes (cysLTs), important proinflammatory mediators of cell trafficking and innate immune
responses, are believed to enhance immune reactions in the pathogenesis of diseases, such as
bronchial asthma, atherosclerosis and pulmonary fibrosis. The aim of this study was to determine
the IL-10 regulatory role in cysLT-induced activation of human monocytes and monocyte-derived
dendritic cells. Here we show that cysLT-induced activation and chemotaxis of human monocytes
and monocyte-derived immature dendritic cells (iDC) are inhibited by IL-10 pretreatment. IL-10
down-regulated cysteinyl leukotriene type 1 and 2 receptors mRNA in a time and a concentration
dependent fashion. CysLT induced activation of monocytes and iDCs measured by intracellular
calcium flux and immediate-early gene expression (FBJ murine osteosarcoma viral oncogen homolog
B and early growth response-2) was potently decreased by IL-10 and by the cysLT antagonist,
MK571. Chemotaxis of monocytes and iDCs to increasing concentrations of leukotriene D4
(LTD4) was also inhibited by IL-10. LTD4 enhanced iDC migration in response to CCL5. IL-10
selectively inhibited LTD4-induced chemotaxis without affecting migration to CCL5. These data
indicate that cysLT-induced activation of human monocytes and dendritic cells may be specifically
inhibited by IL-10, suggesting a direct link between the 5-lipoxygenase proinflammatory pathway
and IL-10 regulatory mechanisms. Antileukotriene therapies may reproduce some regulatory
mechanisms played by IL-10 in inflammatory processes.
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Introduction
Interleukin-10 (IL-10) is a major regulatory cytokine of inflammatory reactions. It was
originally described as cytokine synthesis inhibitor produced by T helper 2 cells (TH2)(1) and
its main biological functions seem to be to limit inflammatory responses, block pro-
inflammatory cytokine secretion and regulate the differentiation and proliferation of several
immune cells such as T cells, B cells, natural killer cells, dendritic cells and mast cells. There
is emerging evidence for a major role of IL-10 in controlling allergic inflammatory processes.
Respiratory exposure to allergen may induce T cell tolerance and protection against the
development of airway hyperreactivity and asthma. It has been shown that IL-10 production
by DCs is critical for the induction of tolerance (2), and that TH2 responses, characteristic for
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allergic manifestations, can be regulated by naturally occurring IL-10 secreting CD4+
regulatory T cells (3). In addition, successful allergen-specific desensitization therapy is
believed to work through the action of IL-10 produced by regulatory T cells (4). Significantly
less IL-10 is found in the lungs of patients with asthma (5) and an inverse association between
IL-10 levels and the severity of allergic and asthmatic disease has been described (6).
Collectively, these data indicate that IL-10 plays an important role in regulation of
inflammatory responses leading to asthma and allergy.

Cysteinyl leukotrienes (cysLTs) are lipid mediators derived from arachidonic acid through the
5-lipoxygenase pathway that are directly involved in pathogenesis of a variety of chronic
inflammatory disorders, including bronchial asthma and allergic diseases. Many studies have
elucidated the role of cysLTs in the effector phase of immediate hypersensitivity, showing its
potent bronchoconstricting and vasodilatory activity (7). Data support the concept of cysLTs
acting also as important mediators of the early stage of immune responses. Robbiani et al. (8)
showed that cysLTs are necessary for DC migration to lymph nodes. It has been shown in a
murine model of pulmonary inflammation that cysLTs are required for initiation and
amplification of antigen-specific TH2-dependent inflammatory responses (9), that cysLTs may
modify the cytokine profile of DCs (10) and that cysLTs may potentiate the alloantigen-
presenting capacity of DCs (11), underlining the importance of cysLT signaling in specific
immune responses. In asthmatic patients, peripheral blood DCs migrate into the bronchial
mucosa after allergen exposure and inhibition of cysLT signaling significantly attenuates
airway responses and alters circulating DCs (12, 13).

The interactions between pro-inflammatory cysLTs and regulatory IL-10 in human DCs may
represent a way to modulate the early phase of specific immune responsiveness. IL-10 plays
an important role in down-regulation or modification of DC driven immune responses but the
mechanisms by which IL-10 induces changes in these cells are not well understood. In the
present study we analyzed the role of IL-10 in the modulation of cysLT-induced activation of
human monocytes and monocyte-derived dendritic cells. Our data showed that IL-10 by down-
regulating expression for cysLT receptors inhibits cysLT-induced signaling, gene expression
and migration of monocytes and DCs. A similar inhibitory effect on cysLT-induced activation
of monocytes and DCs was observed when cysLT receptor antagonists were used, suggesting
that these drugs could be beneficial in regulating the initial immune response in humans.

Materials and Methods
Materials

Human recombinant GM-CSF, IL-4, IL-10, CCL2, CCL3, CCL5 (R&D Systems, Minneapolis,
MN), LTD4, MK571 (Cayman Chemical, Ann Arbor, MI), mouse IgG FITC and PE conjugated
isotype controls, anti-CD14 (FITC; M5E2), anti-CD1a (FITC; HI149), anti-CD83 (FITC;
HB15e), anti-CD86 (PE; FUN-1), anti-HLA-DR (PE; TU36) (BD Pharmingen, San Diego,
CA), anti-CD1c (FITC; AD5-8E7)(Miltenyi Biotec, Auburn, CA), were obtained from the
manufacturers.

Cell culture
Human elutriated monocytes from healthy donors were obtained by an institutional review
board-approved protocol from the NIH Blood Bank (Bethesda, MD), resuspended in RPMI
1640 medium supplemented with 10% heat inactivated fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA) and 2 mM L-glutamine (Invitrogen) and allowed to rest overnight before
experiments at 37°C in a humidified 5% CO2 incubator. More than 95% of cells were CD14+
as determined by flow cytometry with FITC labeled anti-human CD14 using FACScan flow
cytometer (BD Biosciences).
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Monocyte-derived immature DCs were generated from elutriated monocytes. Cells were
cultured under the same conditions as monocytes in the presence of recombinant human IL-4
(20 ng/ml) and GM-CSF (40 ng/ml) for 5–6 days. Fresh medium with cytokines was added at
day 3. After 5–6 days of culture cells expressed high levels of CD1a, CD1c, medium level of
CD86 and HLA-DR and low levels of CD83 and CD14 and were used as iDCs.

CysLT1 knockdown
For CysLT1 knockdown experiments Silencer Select pre-designed siRNA (5′
GGAAAAGGCUGUCUACAUUtt) and Silencer Select Negative Control siRNA were used
(Ambion, Austin, TX). Elutriated monocytes (5×106) were nucleofected with 4 μg of negative
control or CysLT1 specific siRNA using a Human Monocyte Nucleofector kit (Amaxa,
Cologne, Germany) according to the manufacturer’s protocol. After 24 hours, media was
replaced and cells were used for functional studies.

Real-time PCR
Total RNA was extracted from cells using QIA Shredder columns and RNeasy mini kit and
was treated with DNase (Qiagen, Valencia, CA) and quantitated using a NanoDrop
spectrophotometer (BioLabNet, Great Falls, VA). mRNA expression for selected genes was
measured using real-time PCR performed on an ABI Prism 7900 sequence detection system
(Applied Biosystems, Foster City, CA) using the following commercially available probe and
primers sets (Applied Biosystems): CysLT1- Hs00272624_s1, CysLT2- Hs00252658_s1,
GPR17- Hs00171137_m1, FosB- Hs00171851_m1, Egr2-Hs00166165_m1. CysLT1
alternatively spliced transcript specific mRNA expression was analyzed with previously
described primers and probes (14). Reverse transcription and PCR were performed using an
RT kit and TaqMan Universal PCR master mix (Applied Biosystems) according to
manufacturer’s directions. Relative gene expression was normalized to GAPDH transcripts
and calculated as a fold change compared with control.

Calcium mobilization assay
Calcium mobilization experiments were conducted using a FLIPR Calcium 3 assay kit
(Molecular Devices, Sunnyvale, CA) according to the manufacturer’s instructions. Cells (2 ×
105 cells/well) were plated into Poly-L–Lysine coated 96-well plates and incubated in RPMI
1640 supplemented with 10 mM HEPES and FLIPR 3 assay reagent. After incubation for 1
hour at 37°C, fluorescence was measured every 4 sec. using the FlexStation (Molecular
Devices).

Chemotaxis assay
Chemotaxis experiments were performed using a modified Boyden chamber (Neuro Probe,
Gaithesburg, MD). Cells were washed and resuspended in RPMI supplemented with 10 mmol/
L HEPES, 2 mmol/L L-glutamine and 1% bovine serum albumin (Sigma). Chemoattractants
were resuspended in the same medium and added to the lower wells. Controls wells received
medium without chemoattractant. Cells (7.5 × 104) were added to the upper wells and separated
by a polycarbonate filter with 5 μm pores (Nero Probe). The number of cells migrated to the
lower surface of the filter was counted after 2 hours incubation. In some experiments, cells
were pretreated with IL-10 (10 ng/ml) overnight or MK571 (100 nmol/L) for 10 min.

Determination of LTC4 production
The concentration of LTC4 produced spontaneously and after treatment during cell cultures
was assayed by means of a competitive enzyme immunosorbent assay (Cayman Chem., Ann
Arbor, MI) according to manufacturer’s protocol.
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Statistical analysis
Data were analyzed by one-way ANOVA or paired and unpaired Student’s t tests, as
appropriate. Differences were considered significant when p < 0.05.

Results
IL-10 downregulates cysLT receptors mRNA in human monocytes and iDCs

The biological action of cysLTs is mediated via three known G-protein coupled receptors,
cysLT type I receptor (CysLT1)(15), cysLT type II receptor (CysLT2)(16) and newly
characterized GPR17 (17). We have recently shown that CysLT1 mRNA is predominantly
expressed in human monocytes and that cysLTs acting through CysLT1 can significantly
influence the activation and migration of human monocytes (14). To analyze cysLT induced
activities, first steady state mRNA levels for 3 cysLT receptors in elutriated monocytes and
monocyte-derived immature DCs (described here as iDCs) were analyzed. Differentiation of
monocytes into iDCs was induced by culturing monocytes in the presence of GM-CSF and
IL-4 for 5–6 days. Cultured cells expressed high levels of CD1a, CD1c, intermediate levels of
CD86 and HLA-DR and low levels of CD83 and CD14 as determined by flow cytometry,
characteristic for iDCs. mRNA expression of cysLT receptors in monocytes and iDCs obtained
from 4 separate healthy donors and expressed as relative number of specific transcripts per
1000 control GAPDH transcripts was compared. In human iDCs, CysLT1 mRNA was the most
highly expressed (12.95 ± 1.66), followed by 10 times lower levels of CysLT2 (1.43 ± 0.12)
and GPR17 mRNA was below the detection limits. In comparison to iDC, human monocytes
expressed 2 times lower CysLT1 mRNA (6.17 ± 0.5) and similarly low levels of CysLT2 mRNA
(0.4 ± 0.1), with GPR17 mRNA being non detectable. Our data suggest that CysLT1 mRNA
is also predominantly expressed in cultured iDCs as in elutriated human monocytes.

To examine the effects of IL-10 on cysLT receptors mRNA expression in human monocytes,
we cultured cells in the presence of IL-10 for up to 24 hours and mRNA for CysLT1 and
CysLT2 was measured (Fig. 1 A). IL-10 effectively decreased both, CysLT1 and CysLT2
mRNA expression, with the maximum effect observed after 6 hours. This effect was mediated
in a concentration dependent manner (Fig. 1C). The human CysLT1 gene is alternatively
spliced in the 5′ untranslated region and 2 transcripts have been detected in human monocytes,
both encoding the same protein (18). To further analyze the down regulating effect of IL-10,
we measured the expression of CysLT1 splice variants in cells exposed to IL-10 (Fig. 1B).
Expression of both CysLT1 transcripts, the transcript 1 (consisting of 3 exons) and the transcript
2 (lacking exon 2) was similarly decreased in a time-dependent manner by IL-10, confirming
our data at the level of specific CysLT1 transcripts. We next used cultured iDC to determine
whether the similar changes can be induced by IL-10 in these cells. IL-4 is known to up-regulate
cysLT receptors expression (18, 19). Therefore, before stimulation with IL-10, iDC were
transferred to medium without IL-4. As in monocytes, IL-10 decreased expression of
CysLT1 and CysLT2 in iDCs in a time-dependent fashion (Fig. 1D). Both CysLT1 alternative
transcripts were also down-regulated in iDCs by IL-10 in a similar way (data not shown). When
iDCs were exposed to IL-10 in the presence of IL-4, the down-regulating effect was diminished,
suggesting dominant IL-4 up-regulating activity on cysLT receptor expression over the IL-10
down-regulation (data not shown). Altogether these data show that IL-10 effectively down-
regulates the expression of cysLT receptors mRNA in human monocytes and iDCs.

In order to analyze the potential role of endogenously produced cysLTs by the studied cells,
LTC4 concentrations were measured in media from stimulated and non-stimulated monocytes
and iDCs. Very low levels (< 1 nM) of LTC4 were detected in the cell culture media, suggesting
a minor role of endogenously produced cysLT in our in vitro experiments (data not shown).
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IL-10 inhibits cysLT-induced activation of monocytes and iDCs
To determine whether IL-10 induced changes in mRNA levels correlate with monocyte and
iDC responsiveness to cysLTs, we performed calcium flux experiments. Elutriated monocytes
were incubated with or without IL-10 (20 ng/ml) overnight, stimulated with different
concentrations of LTD4 and intracellular calcium responses were measured. LTD4 induced a
concentration dependent intracellular calcium flux in monocytes that was potently inhibited
by IL-10 pretreatment (Fig. 2A). Similarly, iDCs treated overnight with IL-10 (20 ng/ml)
showed decreased calcium responsiveness to a range of LTD4 concentrations (Fig. 2B). For
comparison, intracellular calcium flux was fully inhibited in monocytes and iDCs by the
selective CysLT1 inhibitor, MK571 (1 μM), suggesting that in both cell types LTD4 induced
calcium signaling through a CysLT1 dependent pathway (data not shown). To further define
the role of IL-10 in cysLT-induced activation of monocytes and iDCs, we tested the response
to LTD4 at the gene expression level. We have previously showed that LTD4 induces in human
monocytes several immediate-early genes, such as FBJ murine osteosarcoma viral oncogene
homolog B (FosB) and early growth response 2 (Egr2).(14) IL-10 significantly inhibited
LTD4 induced FosB and Egr2 mRNA expression in monocytes (Fig. 3A). The inhibitory effect
of IL-10 was similar to the effect obtained by the CysLT1 inhibitor MK571. The effect of
cysLTs on gene expression in human iDC is not known. We tested whether the similar
immediate-early genes as in monocytes can be induced in cultured iDCs. Stimulation of iDCs
with LTD4 (100 nM) for 1 hour caused a significant increase in mRNA expression of FosB
and Egr2 (Fig. 3B). This effect was effectively inhibited by MK571 (1 μM) as well as IL-10,
suggesting that a similar pathway of gene expression activation is present in monocytes nd
iDCs and that IL-10 significantly inhibits cysLT induced activation of these cells.

CysLT1 knockdown inhibits cysLT-induced activation of monocytes
To confirm that cysLT-induced activation of the studied cells is mediated mainly through
CysLT1 we nucleofected elutriated monocytes with CysLT1 siRNA or negative control siRNA
to knockdown the receptor. Treatment with CysLT1 specific siRNA resulted in a significant
decrease in CysLT1 mRNA (Fig. 4A). To determine whether CysLT1 knockdown correlates
with monocyte responsiveness to cysLTs, calcium flux and gene expression experiments were
performed. CysLT1 knockdown effectively decreased LTD4 induced calcium flux (Fig. 4B)
and LTD4 induced FosB expression (Fig. 4C) confirming that LTD4 signals through CysLT1
in monocytes to induce intracellular calcium and gene expression. The effects obtained by
CysLT1 knockdown were similar to IL-10 mediated changes in LTD4-induced activation of
monocytes.

IL-10 inhibits LTD4 induced chemotaxis of monocytes and iDCs
To address the question of cysLT effects on monocyte and iDC migration we studied in vitro
migration to a range of LTD4 concentrations. Monocytes and iDCs showed a significant
concentration-dependent chemotactic activity that was fully inhibited by pretreatment of cells
with MK571 (Fig. 5 A–C), consistent with previous observations (14, 20). IL-10 also
effectively inhibited LTD4 induced migration of monocytes and iDCs (Fig. 5 B–C), confirming
its down-regulating activity on the cysLT pathway. We next tested whether human iDC
migration might be enhanced by cysLTs. Human iDCs respond chemotactically to CCL3,
CCL5 and CCL20 (21). When cultured iDCs were pretreated with LTD4 for 30–60 min. and
chemotaxis to CCL5 or CCL3 was measured, an increased chemotaxis was not observed (data
not shown). However, chemotaxis to CCL5 was potently enhanced by LTD4 co-stimulation
(Fig. 5D). A similar additive effect of LTD4 was observed for another chemokine, CCL3 (data
not shown). Interestingly, IL-10 preincubation inhibited specifically only LTD4 enhanced
migration, without affecting CCL5 chemotaxis (Fig. 5D). These data suggest that cysLTs and
IL-10 might play a regulatory role in iDC migration.
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Discussion
Several studies suggested IL-10 as a major regulatory cytokine involved in modulation of
inflammatory reactions leading to allergic inflammation and asthma (3, 22). Consistent with
this hypothesis are observations that less IL-10 is produced by alveolar macrophages and
peripheral blood mononuclear cells of patients with asthma and that decreased IL-10 levels
correlated with the severity of asthmatic disease (5, 6). In IL-10 knockout mice an exaggerated
allergen-induced airway inflammation was observed compared to wild type mice (23). Another
line of evidence for the IL-10 involvement in presentation of asthma was revealed by genetic
association study, showing that a haplotype related to low IL-10 production was found
significantly more often in patients with severe asthma (24). However, the mechanism of an
IL-10 regulatory role in asthma and allergic diseases has not been fully defined. Early studies
suggested that IL-10 can inhibit allergic inflammation by reducing inflammatory cytokine and
chemokine production as well as antigen presentation and dendritic cell maturation (25–27).
Recent observations emphasized the role of IL-10 in promoting the induction of IL-10 secreting
regulatory T cells and in regulation of tolerance to an antigen (3).

We propose here a new mechanism by which IL-10 can regulate allergic inflammation. The
biosynthesis of cysLTs in the airways is a key component of asthma pathogenesis and allergic
reactions. Our data suggest that IL-10 through downregulation of cysLT receptors inhibits
cysLT-induced signaling, gene expression and migration of human monocytes and iDCs.
CysLTs induce in human monocytes expression of several immediate-early genes, acting
through CysLT1 (14). A similar acitivity of cysLTs can be demonstrated in human iDC, as
LTD4 stimulation potently increased expression of two immediate-early genes, FosB and Egr2
in these cells. Similar to cysLTs signaling in monocytes, cysLT-induced calcium flux and gene
expression in iDCs were fully inhibited by the CysLT1 specific antagonist, MK571, suggesting
a dominant role of CysLT1 signaling in iDCs, too. The role of cysLT-induced immediate-early
genes in monocytes and iDCs has not been studied. Interestingly, both families of transcription
factors (Egr and Fos) have been shown to be involved in the regulation of cell differentiation
and inflammatory processes (28, 29). CysLTs can activate the NF-κB pathway in lung derived
mononuclear cells (30) and direct interactions between NF-κB proteins and Egr and Fos
proteins in the regulation of inflammatory gene expression have been demonstrated (31, 32).
It has also been shown that monocyte-derived DCs require for differentiation multidrug
resistance protein 1 (ABCC1) transporter activity, which actively transports LTC4 out of the
cell (33). Altogether, these data suggest that cysLTs may play an important role in induction
and modulation of proinflammatory phenotypes in monocytes or iDCs. The observation that
IL-10 can effectively inhibit cysLT-induced signaling and gene expression suggests a new
mechanism for IL-10 modulatory action in cysLT related inflammatory processes.

Airway DCs are a very dynamic population that can rapidly increase in number following local
inflammatory stimuli. Inhalation of allergen by atopic asthmatics induces release of mediators
such as histamine and cysLTs causing immediate bronchoconstriction, which is followed then
by a late reaction, characterized by inflammatory cell infiltration. Allergen challenge induces
a rapid decrease in the number of circulating DCs (34) which are recruited to the bronchial
mucosa (12), where they can acquire antigen and carry it to regional lymph nodes. Monocytes
have been mainly viewed as a pool of precursor cells for tissue macrophages and DCs that does
not participate directly in the immune response, but it has been shown recently that monocytes
can process antigen in the bone marrow and effectively present it later in lymph nodes (35). It
has been demonstrated that activity of cysLTs was crucial for CCL19 induced migration of
DCs to lymph nodes (8). Pretreatment of DCs with LTD4 significantly increased chemotaxis
to CCL19, suggesting the chemotaxis promoting activity of cysLTs. We did not observe such
LTD4 promoting activity in iDCs in response to CCL3 or CCL5. We showed that cysLTs can
induce direct chemotaxis of monocytes and iDCs, consistent with other observations (19, 20)
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and that chemotaxis to these chemokines can be further enhanced by coincubation with
LTD4. Monocyte-derived iDCs do not express CCR6 (chemotactic receptor for CCL20) and
CCR7 (chemotactic receptor for CCL19), similar to human peripheral blood CD11c+ iDCs
(21), so chemotaxis to CCL19 and CCL20 could not be assessed in our model. It is possible
that cysLTs may have a different activity in promoting chemotaxis depending on the level of
DCs maturation. CysLTs may enhance chemotaxis of iDCs in response to CCL3 and CCL5
and have promoting activity in mature DCs in response to CCL19.

When cysLTs are released after allergen exposure in vivo, they can increase migration of
circulating iDCs to inflamed tissue and potentially only cells expressing cysLT receptors
should be specifically affected. IL-10, in contrast, by down-regulating cysLT receptors could
have an inhibitory effect on migration and activation of a subpopulation of circulating DCs. It
is interesting to note that the same inhibitory activity on iDC migration was observed also after
CysLT1 antagonist treatment. It has been shown in asthmatic patients that treatment with the
cysLT antagonist pranlukast attenuated not only allergen induced methacholine airway
hyperresponsiveness, but it also affected the circulating DC population (13). The increased
airway cysLT levels in asthmatic patients may be involved in enhanced mobilization of iDCs
from the circulation through two mechanisms. First, our data suggest that cysLTs acting with
other chemokines can directly attract iDCs to inflamed airways. The second mechanism can
be related to cysLT induced chemokine production in the lung. It has been shown that cysLTs
can increase production of chemokines chemotactic for iDC, such as CCL3 and CCL5 and this
effect may be prevented by cysLT antagonist treatment (13, 30). Described here, the inhibitory
action of IL-10 on cysLT induced activation of monocytes and iDCs may be significant for
understanding of regulatory processes in allergic inflammation. IL-10 production by DCs or
IL-10 secreting T regulatory cells is critical for the induction of tolerance to antigen introduced
by the respiratory route (3). In a recent study, Koya et al. (36) demonstrated that IL-10 treated
DCs are potent suppressors of the development of airway hyperresponsivenes and TH2
cytokine production.

Our data suggest a new mechanism of IL-10 regulatory activity through inhibition of cysLT-
induced activation of monocytes and iDCs. To our knowledge, this is the first evidence that
IL-10 can effectively influence a cysLT mediated proinflammatory pathway in human cells.
The observation that some of the IL-10 inhibitory activities may be reproduced by cysLT
antagonists, might have important implications for pharmacological approaches to interfere
with chronic inflammatory reactions.

Abbreviations used in this paper
CysLTs  

cysteinyl leukotrienes

CysLT1  
cysteinyl leukotriene type 1 receptor

CysLT2  
cysteinyl leukotriene type 2 receptor

FosB  
FBJ murine osteosarcoma viral oncogene homolog B

Egr  
early growth response
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Figure 1. IL-10 downregulates cysLT receptors mRNA in human monocytes and iDCs
Human elutriated monocytes (A) or immature dendritic cells (iDCs) (D) were incubated with
or without IL-10 (20 ng/ml) for up to 24 hours or with different concentrations of IL-10 for 6
hours (C) and CysLT1 (white bars) and CysLT2 (grey bars) mRNA expression was measured
by TaqMan. Monocytes (B) were stimulated with IL-10 (20 ng/ml) and expression of two
CysLT1 alternatively spliced transcripts (CysLT1 TR1, CysLT1 TR2) was measured. Results
are normalized to an internal control (GAPDH) and presented as fold decrease from control
baseline values. The means ± SD from 3 different donors, done in triplicate, are shown.
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Figure 2. IL-10 inhibits calcium mobilization responses to LTD4
Monocytes (A) and iDCs (B) were incubated with (open square) or without (open diamond)
IL-10 (20 ng/ml) overnight and calcium release was measured in response to different
concentrations of LTD4 as described in the Methods section. Data are presented as means ±
SD from 3 separate experiments performed in triplicate.
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Figure 3. IL-10 inhibits LTD4 induced gene expression
Monocytes (A) and iDCs (B) were incubated overnight with or without IL-10 (20ng/ml) and
stimulated with LTD4 (100 nM) for one hour. In some experiments cells were exposed to
MK571 (MK) (1 μM) for 5 minutes before stimulation with LTD4. Expression of mRNA for
Egr2 and FosB was measured by TaqMan. Results are normalized to an internal control
(GAPDH) and presented as fold increase from control vehicle (ethanol) treated samples. The
means ± SD from 3 different donors, done in triplicate, are shown. p < 0.001, in comparison
to LTD4 stimulated cells, by Student’s t-test.
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Figure 4. CysLT1 knockdown inhibits LTD4-induced activation of monocytes
Monocytes were nucleofected with CysLT1 siRNA or negative control oligonucleotides
(control siRNA) as described in the Methods section, cultured for 24 hours and CysLT1 mRNA
was measured by TaqMan (A), calcium flux was measured in response to LTD4 (B) or
LTD4-induced (100 nM) FosB mRNA expression was measured by TaqMan (C). TaqMan
results are normalized to an internal control (GAPDH) and presented as fold increase from
control (control siRNA) treated samples. The means ± SD from 3 donors, performed in
triplicate are shown. * p < 0.001 in comparison to LTD4 stimulated control cells, by Student’s
t-test.
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Figure 5. IL-10 inhibits LTD4 induced chemotaxis
Chemotactic activity of monocytes (A) to LTD4 (100 nM) or CCL2 (5 nM) as a positive control
was measured as described in the Methods section. Where indicated cells were preincubated
with MK571 (MK)(1 μM) for 10 min. before stimulation with LTD4. Monocytes (B) were
incubated with (gray bars) or without (white bars) IL-10 (20 ng/ml) overnight and chemotaxis
was measured in response to different concentrations of LTD4. Chemotactic activity of iDCs
(C) was measured in response to LTD4 or CCL5 (10 ng/ml). Where indicated cells were treated
with MK571 (MK) (1 μM) or IL-10 (20 ng/ml) overnight. Chemotactic activity of iDCs (D)
in response to CCL5 (white bars) and CCL5 + LTD4 (100 nM) (gray bars) was measured with
or without preincubation with IL-10 (20 ng/ml) overnight. Data from 3 different donors are
presented as the migration index in comparison with vehicle controls (means ± SD).
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