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Hematopoietic prostaglandin D2 synthase (hPGD2S) metabolizes
cyclooxygenase (COX)-derived PGH2 to PGD2 and 15-deoxy�12–14

PGJ2 (15d-PGJ2). Unlike COX, the role of hPGD2S in host defense is
ambiguous. PGD2 can be either pro- or antiinflammatory depend-
ing on disease etiology, whereas the existence of 15d-PGJ2 and its
relevance to pathophysiology remain controversial. Herein, studies
on hPGD2S KO mice reveal that 15d-PGJ2 is synthesized in a
self-resolving peritonitis, detected by using liquid chromatogra-
phy–tandem MS. Together with PGD2 working on its DP1 receptor,
15d-PGJ2 controls the balance of pro- vs. antiinflammatory cyto-
kines that regulate leukocyte influx and monocyte-derived mac-
rophage efflux from the inflamed peritoneal cavity to draining
lymph nodes leading to resolution. Specifically, inflammation in
hPGD2S KOs is more severe during the onset phase arising from a
substantial cytokine imbalance resulting in enhanced polymorpho-
nuclear leukocyte and monocyte trafficking. Moreover, resolution
is impaired, characterized by macrophage and surprisingly lym-
phocyte accumulation. Data from this work place hPGD2S at the
center of controlling the onset and the resolution of acute inflam-
mation where it acts as a crucial checkpoint controller of cytokine/
chemokine synthesis as well as leukocyte influx and efflux. Here,
we provide definitive proof that 15d-PGJ2 is synthesized during
mammalian inflammatory responses, and we highlight DP1
receptor activation as a potential antiinflammatory strategy.

antiinflammatory � cyclooxygnease � drug development � eicosanoids �
innate immunity

Cyclooxygenase (COX) metabolizes phospholipase A2-derived
arachidonic acid to prostaglandin (PG)H2, which is further

metabolized by a series of downsteam synthases to the prostanoids.
Indeed, the expression of the particular downstream enzyme and its
coupling either to constitutively expressed COX1 or to inducible
COX2 will determine the profile and levels of arachidonic metab-
olites released by cells. Thus, targeting COX will diminish most if
not all prostanoids, which, in the case of new-generation COX2
inhibitors, resulted in prostacyclin abatement, enhanced risk of
cardiovascular side effects, and the eventual withdrawal of selective
COX2 inhibitors from clinical usage. In this event, attention has
now shifted to understanding the role of COX downstream syn-
thases in inflammation and the cardiovascular system in the hope
of adding more selectivity with fewer side effects.

In an attempt to understand the role of COX-related down-
stream synthase in host defense, we found that the COX2/
hematopoietic PGD2 synthase pathway resolves both acute innate
(1, 2) and adaptive immune responses (3). Hematopoietic PGD2
synthase (hPGD2S) metabolizes COX-derived PGH2 to PGD2 (4),
which may activate two G protein-coupled receptors, DP1 and DP2.
DP1 regulates dendritic cell function (5), and DP2 promotes allergic

inflammation (6–8). Although controversial, it is believed that
PGD2 is initially converted to PGJ2 and 15-deoxy-PGD2 (15d-
PGD2) in an albumin-independent manner. Thereafter, the cyclo-
pentenone PGs (cyPGs) 15-deoxy-�12, 14-PGJ2 (15d-PGJ2) and
�12-PGJ2 are generated from PGJ2 by albumin-independent and
-dependent reactions, respectively (9). Although 15d-PGJ2 is a
putative ligand for peroxisome proliferator-activated receptor
(PPAR)� (10), the skepticism with cyPGs lies in whether 15d-PGJ2
is formed in pathophysiological settings at sufficient levels to exert
meaningful biological effects in mammalian systems.

Investigating the role of hPGD2S in acute inflammation, we
provide definitive proof using liquid chromatography–tandem MS
(LC-MS/MS) that 15d-PGJ2 is synthesized in vivo. In a series of
mechanistic studies, we show that along with PGD2 acting on its
DP1 receptor, 15d-PGJ2 controls the balance of cytokines and
chemokines that regulate leukocyte trafficking during acute in-
flammation as well as the efflux of macrophage to draining
lymphatics leading to its resolution such that in hPGD2S-deficient
mice, inflammation is grossly exaggerated and fails to resolve.
These data not only prove that cyPGs exist in mammalian systems
and exert potent antiinflammatory and proresolution properties,
but data from this work also highlight the potential of activating
DP1 receptors as a future antiinflammatory strategy.

Results
hPGD2S-Derived Lipid Mediators in Acute Inflammation. In the first
instance, levels of PGD2 and 15d-PGJ2 were quantified
throughout the time course of resolving murine peritonitis.
PGD2 was maximal 2 h after zymosan injection, with levels
waning by 24 h (Fig. 1A). Contrary to common belief, 15d-
PGJ2 was detectable in cell-free inf lammatory exudates of
wild-type mice by LC-MS/MS (Fig. 1 B and C). It was elevated
at 2 h, maximum between 6 and 24 h, and had declined by 48
h/72 h, with average levels of between 0.5 and 5 ng/ml. PGD2
and 15d-PGJ2 were absent from experimental WT controls (0
h). Given its instability (9), we controlled for potential ex vivo
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degradation of PGD2 to 15d-PGJ2 during sample processing by
spiking inf lammatory f luids in situ with deuterated PGD2 and
found that the detected 15d-PGJ2 was native and not deuter-
ated 15d-PGJ2. These data, coupled with the finding that
neither PGD2 nor 15d-PGJ2 was detectable in the exudates of
hPGD2S KOs (Fig. 1 A and B), confirmed that 15d-PGJ2 is a
bona fide PGD2 eicosanoid metabolite formed in vivo during
resolving inf lammation.

hPGD2S Tempers the Severity of Acute Inflammation Through DP1 and
15d-PGJ2. We sought to determine the role that PGD2 and 15d-PGJ2
play in inflammation. hPGD2S�/� mice show a more aggressive
early (4–6 h) response to zymosan, characterized by a 2-fold
increase in polymorphonuclear leukocyte (PMN) influx compared
with WT (Fig. 2A). By 48 h, PMN numbers in KOs were reduced
to levels similar to that found in WT (Fig. 2A, Inset), indicating that
although hPGD2S controls early PMN influx it does not influence
their survival or clearance from inflammatory sites. This was
confirmed by detecting little difference in PMN apoptosis by
annexin V/propidium iodide (PI) labeling as well as total leukocyte
apoptosis by the same technique and by caspase-3 activity [sup-
porting information (SI) Fig. 5]. Increased inflammation in
hPGD2S�/� mice at onset was associated with a decrease in
antiinflammatory IL-10 (Fig. 2B) and an increase in proinflamma-
tory TNF� (Fig. 2C) and monocyte chemoattractant protein 1
(MCP-1) (Fig. 2D). This hyperinflammatory phenotype in KOs was
rescued to that of WT at 6 h by a selective DP1 (BW245C, Fig. 2E)
but not a DP2 receptor agonist [15(R)-15-methyl PGD2] (Fig. 2F),
independently of apoptosis. Treatment of hPGD2S�/� mice with
BW245C also restored the imbalance in TNF� and MCP-1 vs. IL-10
to levels found in WT (Fig. 2 G–I). Thus, by signaling through the
DP1 receptor, hPGD2S-derived PGD2 controls the onset phase of
acute inflammation and its balance of pro- and antiinflammatory
cytokines and chemokines. A range of other cytokines and che-
mokines were measured, and their relative levels in wild types and
hPGD2S KOs are presented in SI Table 1. 15d-PGJ2 also reduced
cell numbers in the peritoneal cavity of mice but by increasing
leukocyte apoptosis as determined by both annexin V/PI labeling
and caspase activity, which resulted in a concomitant elevation in
IL-10 and TGF�1, cytokines typically released by macrophage
upon recognition of apoptotic leukocytes (SI Fig. 6 A–F). We

believe that these data do not represent the true role of 15d-PGJ2
in vivo because there is little difference in total cell apoptosis
between WT and KOs at onset (5.05 � 0.6% of controls expressing
phosphatidylserine vs. 3.9 � 0.64% for KOs). These potentially
misleading data may arise from injecting a bolus dose of exogenous
and highly reactive electrophilic 15d-PGJ2 vs. its controlled endog-
enous release by intracellular hPGD2S. To understand how endog-
enous 15d-PGJ2 works in situ and to bypass the apoptosis-inducing
effects caused by a single bolus injection, we examined its effects on
peritoneal leukocytes ex vivo below.

hPGD2S Exerts Its Protective Effects on Resident Macrophages and
Lymphocytes. In the naı̈ve or uninflamed murine peritoneum, T and
B lymphocytes constitute �40% of the total cell population
(�1.5 � 106), with the remaining being resident macrophages,
determined by using CD3/CD19, B220, CD5, and F4/80 labeling
quantified by FACS. In the case of the peritoneal cavity, resident
macrophages dictate the magnitude of the ensuing response with
peritoneal lymphocytes possessing innate immune regulatory ef-
fects (11–13). In this event, we next determined on which cell types
within the peritoneum PGD2 and 15d-PGJ2 exert their antiinflam-
matory effects. Separated peritoneal T and B cells as well as
macrophages were stimulated with either LPS or zymosan (B cells
and macrophages) or anti-CD3 antibody (T cells). Cytokines were
measured 24 h later in response to BW245C (DP1 receptor
agonist), 15(R)-15-methyl PGD2 (DP2 receptor agonist), or 15d-
PGJ2 at concentrations that do not increase apoptosis (SI Fig. 7).
IL-10 from hPGD2S-deficient peritoneal T cells was significantly
lower than WT but was reversed by BW245C (DP1 agonist); neither
15(R)-15-methyl PGD2 (DP2 receptor agonist) nor 15d-PGJ2 had
any effect (Fig. 3A). Similarly, IL-10 secretion from zymosan or
LPS-stimulated hPGD2S-deficient peritoneal B cells (265 � 20 and
178 � 12 pg/ml, respectively) was lower compared with WT [387 �
25 (P � 0.05) and 625 � 35 (P � 0.01) pg/ml, respectively] and was
rescued by BW245C only (Fig. 3 B and C). Conversely, synthesis of
TNF� from these zymosan- or LPS-stimulated hPGD2S-deficient B
cells (1,625 � 175 and 1,260 � 152 pg/ml, respectively) was higher
compared with WT [1,160 � 105 (P � 0.05) and 810 � 65 pg/ml
(P � 0.05), respectively] but were reduced by BW245C and 15d-
PGJ2 but not with 15(R)-15-methyl PGD2 (Fig. 3 D and E). In
contrast to T and B lymphocytes, IL-10 from peritoneal macro-

Fig. 1. hPGD2S synthesizes 15d-PGJ2 during
zymosan-induced resolving peritonitis. (A
and B) hPGD2S-derived PGD2 (A) and 15d-
PGJ2 (B) were extracted from the cell-free
inflammatory exudates and quantified by
EIA and electrospray triple quadruple LC-MS/
MS, respectively. Ex vivo degradation of
PGD2 to 15d-PGJ2 during sample processing
was controlled for by spiking inflammatory
fluids in situ with deuterated PGD2. (C) LC-
MS/MS spectra of detected 15d-PGJ2, which
was found to be native and not deuterated.
For eicosanoid analysis n � 6–8 animals were
present in each group with the exception of
15d-PGJ2, which had 2–6 samples per group.
Data are represented as the mean � SEM.
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phages was not elevated by BW245C (Fig. 3F), DP2 receptor
activation, or by 15d-PGJ2 (data not shown). However, these cells
did show a reduction in TNF� and MCP-1 after treatment with
BW245C and 15d-PGJ2, respectively (Fig. 3 G and H). Similar
results were obtained by using bone marrow-derived macrophages
from these animals. These data show that hPGD2S-derived lipid
mediators exert differentially protective effects on peritoneal-
resident macrophages as well as lymphocytes, thereby controlling
the balance of cytokines and chemokines that orchestrate innate
inflammatory responses.

hPGD2S Deficiency Severely Compromises Resolution. Finally, one
striking finding of these studies was impaired resolution in
hPGD2S�/� mice characterized by macrophage (Fig. 4A) as well as
lymphocyte accumulation (0.24 � 0.04 � 106 T and B cells in WT
vs. 0.8 � 0.1 � 106 in KOs; P � 0.01). SI Fig. 8 shows a breakdown
of lymphocyte subtypes in these animals. The implication of lym-
phocyte accumulation during resolution in hPGD2S�/� mice is
unknown at this stage but is reminiscent of results published
showing the persistence of lymphocytes in the inflamed paws of
COX2 KO mice (14) and raises questions regarding the long-term
impact of COX inhibitors on the progression of chronic inflam-
matory diseases. Although increased macrophage numbers during
resolution in hPGD2S�/� mice may have arisen from elevated
MCP-1 (Fig. 2D) and macrophage inflammatory protein 1�
(MIP-1� levels) (Fig. 4B), a failure to clear to the draining
lymphatics (15, 16) may also provide an explanation. To investigate
this hypothesis, the selective macrophage label PKH26-PCL (15,

16) was injected i.p. at the peak of macrophage accumulation (24
h), revealing increased numbers of PKH26-PCL-labeled macro-
phages in the peritoneal cavities of hPGD2S�/� mice (Fig. 4C) and
a corresponding reduction in the parathymic load of these cells
compared with WT at 72 h (Fig. 4D). Adding BW245C or 15d-PGJ2
to hPGD2S�/� mice alleviated peritoneal macrophage accumula-
tion (Fig. 4E) and increased numbers of PKH26-PCL macrophages
in the parathymic lymph nodes (Fig. 4F). The DP2 receptor agonist
was without effect. Notably, BW245C can be added 6 h, 12 h, or 24 h
after inflammation and will exert a macrophage clearance effect at
all of these time points, attributing a robust proresolution property
to DP1 (data not shown). Thus, hPGD2S-derived PGD2 and
15d-PGJ2 play a role in clearing inflammatory macrophages from
the inflamed peritoneum to local draining lymph nodes.

Discussion
We describe a central role for hPGD2S in controlling the onset and
resolution of innate immune-mediated inflammation. First, we
show that the protective nature of hPGD2S is mediated by DP1 and
15d-PGJ2, which control the balance of pro- and antiinflammatory
cytokine synthesis. These data contrast with the pathogenic role
PGD2 plays in allergic inflammation through DP2 (6–8). However,
as with the entire field of eicosanoid biology, lipid mediators can be
either protective or pathogenic depending on disease etiology, cell
types present, and eicosanoid receptor expression (17). For in-
stance, signaling through DP2 causes bronchoconstriction as well as
Th2 and eosinophil cell accumulation (6–8). In contrast, PGD2
activation of DP1 may also suppress asthmatic symptoms by tar-
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geting lung dendritic cells, resulting in increased Treg cells that
dampen inflammation in an IL-10-dependent manner (18). We
found no difference in the numbers of CD4�/CD25� cells between
hPGD2S�/� and WT in experimental peritonitis (SI Fig. 9), and we
propose that in acute inflammation at least, the protective effects
of PGD2 are directed toward modulating resident leukocyte in-
flammatory phenotypes and are not reliant on recruitment of Treg
cells. On this theme, PGD2 along with PGE2 can also induce PMN
15-lipoxygenase expression in a partly cAMP-dependent manner,
causing the subsequent release of antiinflammatory and proreso-
lution lipoxin A4 (19). It is conceivable, therefore, that some of the
protective and cytokine regulatory effects of PGD2 in acute in-
flammation may also arise from its induction of other families of
protective lipid mediators. Thus, from the current data and that
published by others (5, 18), we suggest that DP1 receptor activation
may be an attractive antiinflammatory target capable of modulating
both innate and adaptive immune responses of different etiologies.
In particular, we found that DP1 activation exerts its antiinflam-
matory effects at many stages throughout the inflammatory re-
sponse, i.e., when administered either prophylactically or therapeu-
tically, thereby demonstrating greater pharmacological flexibility
than, for example NSAIDs, which although effective during acute
stages of inflammation, subvert proresolution pathways (1, 19).

Controversy exists over whether 15d-PGJ2 is synthesized in vivo
and whether it possesses relevant patho/physiological functions.
This debate arose, in part, when we originally reported that
COX2-derived PGD2 and 15-dPGJ2 brought about acute inflam-
matory resolution (1). Controversy also arose not so much because
we suggested that COX2 was protective at a time when the
emphasis was on developing COX2 inhibitors, but because we used

an ELISA to quantify 15d-PGJ2. In particular, the reactive nature
of 15d-PGJ2 raised questions regarding the accuracy of using an
antibody-based measuring system. This result, coupled with subse-
quent reports using physical methods to show only negligible levels
of 15d-PGJ2 in various biological systems (20), questioned the
importance of 15d-PGJ2 in biology. In this work we show, by using
LC-MS/MS on samples obtained from a resolving inflammation,
that 15d-PGJ2 does exist in vivo at levels up to 5 ng/ml. We
controlled for degradation of unstable PGD2 to 15d-PGJ2 during
sample processing by spiking inflammatory fluids in situ with
deuterated PGD2, and we found that the detected 15d-PGJ2 was
native and not deuterated 15d-PGJ2. These data, coupled with the
finding that neither PGD2 nor 15d-PGJ2 was detectable in the
exudates of hPGD2S KOs (Fig. 1 A and B) and that the hyperpro-
liferative phenotype of hPGD2S�/� T cells from a delayed-type
hypersensitivity reaction was reversed with 15d-PGJ2 (3), confirm
that 15d-PGJ2 is an endogenously generated protective PGD2
metabolite formed in vivo during resolving inflammatory reactions.
The importance of this finding cannot be underestimated. cyPGs,
derived from PGs of the A or D series possess antiinflammatory
(21), antiviral (22), and anticancer (23) properties by activating
either nuclear membrane-bound PPARs (24) or by forming cova-
lent adducts with thiols through the unsaturated carbonyl group in
the cyclopentenone moiety (25, 26). Importantly, protein modifi-
cation by cyPGs does not occur randomly with cyPGs targeting
defined cysteine residues within certain proteins in an apparently
pH-dependent manner (27). Moreover, structural determinants of
either the protein or the cyPG may be important for the specificity
of protein modification such that cyPGs with diverse structures
could selectively modify distinct proteins in cells. Thus, levels of
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cyPGs in the extracellular environment may only represent the tip
of the iceberg, and their true level in biological systems may be
much higher. The lack of detectable cyPGs in biological fluids does
not necessarily exclude their existence within cells and their poten-
tial to exert meaningful biological effects. Indeed, in a series of
experiments we estimate that of 15d-PGJ2 added exogenously to
biological systems, �50% binds BSA. Moreover, in cardiomyocyte
cell cultures, �80% binds to culture medium supplemented with
10% FCS with �16% binding to or being metabolized by cardio-
myocytes, leaving 	4% detectable by LC-MS/MS (SI Fig. 10). It is
for this reason that we need to add quantitatively more 15d-PGJ2
back to inflammatory models to mimic the biological effects of
endogenously produced 15d-PGJ2. This requirement is illustrated
in SI Fig. 6, where more 15d-PGJ2 is injected i.p. than is detectable
in peritoneal fluids (Fig. 1B). We suggest that the role of 15d-PGJ2
in self-limiting inflammatory responses is manifold and does not
necessarily overlap with that of PGD2, controlling chemokine and
cytokine synthesis as well as intracellular signaling and leukocyte
apoptosis. We found that exogenous 15d-PGJ2 exerts proresolution
effects if used pharmacologically by enhancing leukocyte apoptosis,
the net outcome being similar to that found with the cyclin-
dependent kinase inhibitor roscovitine, which enhanced PMN
apoptosis and hastened resolution (28).

In addition to tissue resident histiocytes, there is the influx of
monocytes during inflammation, which differentiate into large
granular macrophages designed to phagocytose effete leukocytes.
The fate of Reiter cells (macrophages containing dead cells) during
resolution is poorly understood, with evidence that macrophages
can undergo programmed cell death (29) and/or clearance from the
peritoneum to the parathymic lymph nodes in a very late antigen
(VLA)-4- and VLA-5-dependent manner (15, 16). Although the
control of phagocyte clearance is poorly understood, we found an
excess of macrophages in the inflamed peritoneum of hPGD2S�/�

mice and a corresponding deficit of these cells in the draining lymph
nodes compared with controls. This result could have arisen from
accelerated monocyte influx, mediated by elevated MCP-1 and
MIP-1� (Figs. 2D and 3B) and/or failed lymphatic efflux. Using a
phagocytosable fluorescent cell tracker, the peritoneal pool of
accumulated macrophages in hPGD2S�/� mice at resolution was
found to be reduced by BW245C or 15d-PGJ2 and was associated
with an increase in macrophages in the parathymic lymph node. We
therefore suggest that DP1 is a robust pharmacological target that,
in addition to stemming PMN trafficking, could be used to dissem-
inate macrophages from sites of chronic inflammation where

macrophages play a pathogenic role. A similar result was found
recently with �-3 polyunsaturated fatty acid-derived resolvin E1
and protectin D1, which facilitated leukocyte trafficking to lymph
nodes and spleen, collectively underscoring the proresolution prop-
erties of lipid mediators in acute inflammation (30).

Lymphocytes were also found to accumulate in hPGD2S�/� mice
at resolution, which we suspect resulted from enhanced influx in
response to elevated chemokines in these animals rather than
increased local lymphocyte proliferation because there was no
significant difference in thymidine incorporation in hPGD2S�/�

lymphocytes compared with controls (data not shown). Indeed,
there was a trend toward a reduction in lymphocytes from KOs in
these experiments, in contrast to results obtained with hPGD2S-
deficient lymphocytes from an antigen-induced arthritis model (3),
which showed elevated proliferation in hPGD2S KO mice. These
differences are most likely the result of a differential role for both
hPGD2S-derived lipid mediators and lymphocyte subsets and ac-
tivation states in inflammatory disease of dissimilar etiologies.

In summary, we provide proof that hPGD2S synthesizes 15d-
PGJ2 during mammalian defense responses and together with
PGD2, acting through the DP1 receptor, plays a central role in
controlling the onset of acute inflammation and its resolution by
controlling the balance of pro- vs. antiinflammatory cytokines as
well as macrophage clearance through draining lymphatics. Here,
we have highlighted the potentially antiinflammatory and proreso-
lution properties of cyPGs as well as DP1 receptors.

Materials and Methods
Animal Maintenance and Induction of Inflammation. hPGD2S KO mice were
generated as described (3). Animals were bred under standard conditions and
maintained in a 12 h/12 h light/dark cycle at 22 � 1°C and given food and tap
water ad libitum in accordance with United Kingdom Home Office regulations.
Peritonitis was induced by the i.p. injection of 1 mg of type A zymosan (Sigma) in
0.5 ml of sterile PBS. Cells were obtained by using 2 ml of sterile PBS to wash out
the inflamed peritoneal cavity, and they were enumerated by hemocytometer at
the time points stated in Results.

Eicosanoid Analysis. Samples stored at �20°C were thawed at room temper-
ature and spiked with 4 ng of the internal standard d4–15d-PGJ2 and acidified
to pH 3. Solid-phase extraction was performed with Varian 3M Empore
high-performance extraction disk cartridges, and the columns were washed
with 1 ml of H2O and 1 ml of heptane and eluted with 1 ml of ethyl acetate.
The eluate was dried under nitrogen and analyzed by electrospray triple/
quadruple LC-MS/MS (Sciex API 3000; PerkinElmer). The conditions for the
LC-MS/MS were: C18 columns (100 � 0.2 mm) with elution volume 200 �l/min
consisting of a mobile phase 0–1 min of distilled H2O (pH 3), MeCN 75:25%,
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Inset) F4/80 positive macrophages were the pre-
dominant cell types during resolution (A) WT, wild
type. Increased macrophage numbers in
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(B) as well as MCP-1 (Fig. 2D) synthesis and/or a
failure to exit the peritoneum to the parathymic
lymphnodes (15,16).Todeterminethe latter,mice
were injected i.p. with the macrophage label PKH-
PCL26 at either 24 h or 48 h. (C) A significantly
greater number of PKH26-PCL-positive macro-
phages (double labeling with FITC-labeled F4/80)
were recorded in the cavity of hPGD2S�/� mice
compared with WT at 72 h. (D) Correspondingly
fewer labeled macrophages were found by histol-
ogy in the parathymic lymph nodes of the KOs. (E
and F) Adding BW245C (DP1 receptor agonist) or
15d-PGJ2 tothe inflamedcavityofhPGD2S�/� mice
reversed the accumulation of macrophages in the
peritoneum (E) and resulted in increased numbers of labeled macrophages in parathymic lymph nodes (F). n � 10 animals per group; *, P � 0.05; **, P � 0.01, as
determined by ANOVA, followed by Bonferroni t test, with data expressed as mean � SEM.
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followed by a gradient mobile phase to 100% MeCN. 15d-PGJ2 was detected
and quantified in negative ion mode, and the electrospray potential was
maintained at �4 to 4.5 kV and heated to 500°C. For MS-MS analysis, 15d-
PGJ2/internal standards were subjected to collision-induced fragmentation.
Tetradeuterated (d4) 15d-PGJ2, PGD2, and 15d-PGJ2 were purchased from
Cayman Chemicals. Varian 3M Empore high-performance extraction disk
cartridges were purchased from JVA Analytical, Ltd. All other common labo-
ratory chemicals were purchased from Sigma. For PGD2, samples were ex-
tracted C18 columns, treated with methoxylamine hydrochloride (MOX HCl),
and the resulting stable PGD2-MOX was measured by EIA (Cayman Chemicals).

Cytokine/Chemokine, FACS, and Caspase Activity Analysis. Cytokines and che-
mokines were measured initially by multiplex cytokine array analysis (Bio-Rad)
using the manufacturer’s protocols. Specific mediators of interest [IL-10, TNF�

(eBiosciences), and MCP-1 (Becton Dickinson)] were further quantified by ELISA
according to manufacturer’s instructions. FACS was carried out on Becton Dick-
inson FACSCalibur with data analyzed by Cellquest. Leukocytes were incubated
with antibodies to CD3 (Serotec), B cells (Ly220; Serotec), natural killer and �/� T
cells (gift from T. Hussell, Kennedy Institute, U.K.), GR1 (BD PharMingen), or F4/80
(Caltag Laboratories) using isotype antibodies (Serotec) and compensated as
appropriate for dual labeling. For apoptosis, cells were incubated with annexin
V/PI (Becton Dickinson). For caspase 3 activity, frozen cell pellets were lysed in
ice-cold RIPA buffer [20 nM Tris (pH 7.4), 150 mM NaCl, 1% Nonidet P-40, 0.5%
(wt/vol) sodium deoxycholate, 0.1% SDS Promega)] for 10 min. After centrifuga-
tionat16,000�g for15minat4°C, supernatantswereaspirated,andproteinwas
quantified by the Bradford reaction. Samples were incubated with 50 �M sub-
strate in caspase assay buffer [213.5 mM Hepes (pH 7.5), 31.25% (wt/vol) sucrose,
and 0.3125% CHAPS] for 1 h, and fluorescence was measured on a microplate
reader (FluostarGalaxy;BMGLaboratoryTechnologies)withexcitationat380nm
and emission set at 460 nm. For each sample, four replicates were assayed, with
two replicates containing 50 �M the caspase-3 inhibitor (Ac-DEVD-CHO) and the
remaining pair containing vehicle. Fluorescence readings from wells containing
inhibitor were subtracted from total fluorescence, and results were calculated as
nmol of aminomethyl couramin (AMC) per mg of protein per min.

Leukocyte Separation and in Vitro Culturing. Bone marrow-derived or perito-
neal macrophages were isolated by adherence to the bottom of 6-well tissue
culture plates after incubation for 90 min at 37°C in a humid incubator.
Nonadherent cells were removed and used to isolate T and B lymphocytes. The

adherent cells were eluted with Versene, washed with 2% FCS in HBSS, and
resuspended at 107 cells per ml. These cells were further depleted of contam-
inant T and B cells by using magnetic beads coated with rat monoclonal
antibodies to mouse CD3 or B220 (Dynal Biotech, Ltd.). T and B lymphocytes
were isolated by using the Dynal mouse B cell (or T cell) negative isolation kit
according to the manufacturer’s instructions. In brief, a mixture of rat mono-
clonal antibodies with specificity to all mouse non-B cells (or non-T cells when
isolating T cells) was added to cell suspensions and incubated for 20 min at 4°C.
Cells coated with the added monoclonal antibodies were then removed with
magnetic beads coated with sheep polyclonal antibody to rat Ig. The purity of
the cells was regularly �95%. B lymphocytes and macrophages were counted
by hemocytometer and cultured in RPMI medium 1640 with 10% (vol/vol) FCS
and antibiotics [100 units/ml benzylpencillin, 10 �g/ml streptomycin, 2.5 �g/ml
amphotericin (all from Sigma–Aldrich)] in sterile 24-well culture plates (VWR)
and incubated at 37°C in a humidified atmosphere of 95% air and 5% CO2.
Cells were incubated with the selective DP1 agonist (BWC245; Cayman), DP2
agonist [15(R)-15 methyl PGD2; Cayman), or 15d-PGJ2 (Cayman) with medium
as control and then stimulated with 100 �g/ml zymosan type A (Sigma), 1
�g/ml LPS, or vehicle. The experiment was terminated 24 h later, and super-
natant was stored at �80°C until further use. The protocol for T cells was
similar apart from stimulation with anti-CD3 antibody.

Macrophage Clearance Assays. Two milliliters of 500 nM macrophage-specific
stain PKH26-PCL (Sigma) was injected into the inflamed peritoneal cavity with
cells and parathymic lymph nodes isolated at time points stated in results
section. Cells staining positive for PKH26-PCL (FL2 channel) were identified
with FITC-labeled F4/80 (FL1 channel). Staining was found almost exclusively
within macrophages. Parathymic lymph nodes were extracted and snap fro-
zen in OCT1, and serial sections (minimum 15 sections per node) were exam-
ined for the presence of fluorescent PKH26-PCL-labeled macrophages. All
sections were scored blindly by two independent observers by using an
Olympus Axioscop microscope and our validated analog scale (16).
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