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Abstract

Prostaglandin (PG)l, has important regulatory functions on the innate and adaptive immune
systems. Recent experimental evidence reveals that PGIl, modulates the development and function
of CD4+ T cells subsets, including Thi, Th2, and Th17 cell responses. In vitro and in vivo studies
support that PGl, generally has an inhibitory effect on Th1l and Th2 activation, differentiation, and
cytokine production. In contrast, PGl, seems to enhance Th17-favoring polarization conditions,
resulting in Th17 cytokine production. Therefore, PGl may either promote or inhibit individual
CDA4+ cell subsets and impact adaptive immune responses.
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Introduction

In 1976, a research group from the Royal College of Surgeons in the UK led by Sir John
Vane, was the first to describe a novel eicosanoid extracted from the aortas of sheep and
pigs [1]. The molecule was initially termed PGX by the research team. This investigative
team found that a synthetic form of this molecule, which they termed epoprostenol, was over
30 times more potent than PGE; in inhibiting human platelet aggregation. The molecule was
also found to cause relaxation of certain isolated blood vessels and smooth muscle
constriction of gastrointestinal muscles, and was later renamed PGl [2].

PGl, is formed from diacylglycerols or cell membrane phospholipids that enter the
arachidonic acid metabolic pathway [3]. Phospholipase A, hydorlyzes fatty acids at the sn-2
position of membrane phospholipids, forming free fatty acids including arachidonic acid.
Arachidonic acid is then converted to PGH», an unstable intermediate, by the
cyclooxygenase (COX) enzymes, COX-1 or COX-2. PGI synthase (PGIS) is the terminal
enzyme that converts PGH, into PGI, and is most abundantly expressed in vascular tissues.
PGl, is a transient molecule, with a half life of only a few seconds within the body and
signals through a seven transmembrane G Protein-coupled prostanoid receptor called IP [4].
Upon binding IP expressed on endothelial cells, PGl, modulates relaxation of vascular
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smooth muscle and vasodilation of vascular beds. Due to these effects on the vascular
system, in the early 1980s PGl was first used successfully in the treatment of pulmonary
hypertension [5].

Over the last decade, many groups have reported that IP is expressed on immune cells
present in the lung. The presence of IP on these immune cells suggests an importance for
PGl5 in host defense. IP is known to be expressed on alveolar macrophages [6],
conventional dendritic cells [7], and T lymphocytes [8]. In addition, PGIS has been recently
discovered in certain immune cells, specifically follicular dendritic cells [9]. Follicular
dendritic cells (FDCs) are stromal cells derived from nonhematopoetic cells that present
unprocessed antigen to B lymphocytes [10]. These cells create a microenvironmental niche
for B and T cells in the primary and secondary lymphoid organ follicles. FDCs are necessary
for a fully robust humoral immune response, and PGI synthase expression in FDCs suggests
an important effect of PGI, on humoral immunity [10].

CD4+ T cell activation and subset differentiation

CDA4+ T cells are critical for fully functional immune response as these cells provide help to
B lymphocytes as well as innate immune cells such as macrophages [11]. CD4+ T cell
activation occurs when “professional” antigen presenting cells (APCs) such as dendritic
cells, B lymphocytes, and macrophages, display antigen to the CD4+ cells in the context of
major histocompatibility complex (MHC) 1l molecules. The most important APC in the
activation of naive CD4+ T cells is the conventional dendritic cell (cDC). cDCs pinocytose
exogenous environmental antigens and then process the antigen internally so that it can fit in
the MHC class Il binding groove. Upon activation, cDCs migrate to the draining lymph
nodes where they contact naive CD4+ T cells in the T cell zone via interaction of the APCs
MHC class 1l molecule with the CD4+ T cell receptor (TCR). A fully function T cell
response also requires the interaction of APC costimulatory molecules, such as CD80 and
CD86, with CD28 expressed on the surface of the T cell. In the absence of co-stimulation,
the CD4+ T cell becomes anergic. The newly activated CD4+ T cell then may differentiate
down one of a number of T helper (Th) defined lineages. The precise lineage is determined
by the cytokine milieu present in the microenvironment at the time of activation [12]. The
three most common lineages, and the ones addressed in this review, are Thl, Th2, and Th17
cells (Figure 1). These cell lineages are defined by their cytokine secretion profile.

Th1 cells are defined by their production of interferon (IFN)-y and differentiate under the
control of the master transcriptional regulator T-bet [12]. Th1 cells are differentiated in vitro
when T cell activation occurs in the presence of interleukin (IL)-12, produced by APCs, and
IL-4 antagonism, as IL-4 negatively regulates Th1 development. Thl cells are particularly
important in immune responses against intracellular pathogens, such as viruses, and are also
involved in tumor immunity. Th2 cells are defined by their production of IL-4, IL-5, and
IL-13, and these cells differentiate under the control of the master transcriptional regulator
GATA-3[12]. Th2 cells are differentiated in vitro when T cell activation occurs in the
presence of IL-4 and IFN-y antagonism, as IFN-y negatively regulates Th2 development.
Th2 cells are particularly important in immune responses against parasitic infections and are
also pathogenic in allergic inflammation. Th17 cells are defined by their production of
IL-17A, IL-17F, IL-21, and IL-22, and these cells differentiate under the control of the
master transcriptional regulator RORC [13]. Th17 cells are differentiated in vitro when T
cell activation occurs in the presence of IL-1B, IL-6, and TGF-B, and antagonism of IFN-y,
IL-4, and IL-13, as these cytokines negatively regulate Th17 development [14, 15]. Th17
cells are particularly important in anti-bacterial immunity and may also have a role in the
pathogenesis of autoimmune diseases such as inflammatory bowel disease, rheumatoid
arthritis, and multiple sclerosis [16].
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In specific instances as noted above in the conditions of CD4+ subset differentiation, the
cytokines produced by one lineage of Th cells inhibits the differentiation of the others. This
evolutionary adaptation allows for the T helper response to be specific and self-reinforcing.
In each of the sections below, we will first focus on how PGIl, modulates the function and
cytokine secretion of dendritic cells since these are key cells in regulating CD4+ T cell
differentiation. We will then focus on the ability of PGl to directly modulate CD4+ cell
subset differentiation in antigen-independent protocols. Finally, we will review mouse
models of disease that inform us on how PGl regulates cytokine production and
inflammation in vivo.

Role of PGI, in regulating Th1l responses

As noted above, naive T helper cells activated in the presence of the cytokine IL-12
differentiate into Th1l cells and cDCs are the primary producers of IL-12 in vivo. Our lab
explored the ability of PGI, to modulate cDC production of IL-12 [7]. Such modulation
could possibly alter Th1l differentiation and thus affect the CD4+ immune response. In these
studies, bone marrow-derived dendritic cells (BMDCs) were cultured for 8 days and then
activated with lipopolysaccharide (LPS) in the presence of either of two PGI, analogs,
iloprost or cicaprost, or the analogs’ respective vehicles. lloprost and cicaprost both have
biologic half-lives that are in the range of 20-30 minutes, each substantially longer than the
1-2 minute half-life of PGl,, and therefore of greater utility in the tissue culture setting.
Both iloprost and cicaprost inhibited BMDC production of IL-12 in a dose-dependent
manner, compared to their vehicle controls (Figure 2) [7]. The effect of both cicaprost and
iloprost was fully ablated in BMDCs from mice genetically deficient in the PG, receptor IP,
revealing that the effects of the two PGI, analogs on BMDC production was specific for IP
signaling [7].

In addition to its effects on BMDCs, PGl directly inhibited Th1 effector cytokine
production, suggesting a dampening effect on Th1l differentiation [8]. In this experiment,
naive CD4+ T cells from C57BL/6 mice were activated by anti-CD3 and anti-CD28 in the
presence of IL-12. After 4 days, these cells were restimulated using anti-CD3 in the
presence of cicaprost, iloprost, or the respective vehicle controls. In each case, treatment
with the PGl analogs significantly reduced IFN-y production by the activated T cells. This
reduction was only modestly ablated in IP~/~ mice, suggesting that the effect of PGI,
analogs on CD4+ Th1 cell IFN- y production was only partially 1P-specific [8]. However, in
another report, PGl, promoted Th1 differentiation in a mouse model of contact
hypersensitivity [17]. Naive T helper cells from C57BL/6 mice were activated using plate-
bound anti-CD3 and increasing concentrations of anti-CD28 (1-100 pg/ml range) under
Th1-skewing conditions. After 2 days, cells were washed and re-plated in Th1-skewing
conditions. lloprost increased IFN-y production in a dose-dependent manner based on the
amount of anti-CD28 present. Iloprost did not increase IFN-y production in CD4+ cells from
IP~/~ mice, showing the effect of this analog in these conditions was IP-specific [17]. The
reason for this seemingly conflicting finding is not fully understood as both groups used
cells from the same strain of mice, but may involve the inclusion of anti-CD28 during cell
restimulation, which possibly could lead to different effector cytokine production.

The effect on PGI, on human mononuclear cell expression of the Th1l related chemokine
expression of CXCL10 has also been examined [18]. Human monocytes were grown in vitro
for 24 hours and were pre-treated with iloprost or treprostinil 2 hours before stimulation
with LPS [18]. Treprostinil is another PGl analog, but is not as IP-specific as either iloprost
or cicaprost as it signals through the PGE, receptor EP2 at lower concentrations [6].
Monocytes treated with PGI, analogs had decreased CXCL10 expression compared to
vehicle-treated cells, but the effect was only partially IP-dependent in studies using an IP
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antagonist, CAY 10449 [18]. These findings reinforce the notion that PGl restrains the Thl
immune response in a partially IP-specific manner.

The restraining effect of PG, on the Th1 response has been confirmed in an in vivo model
of respiratory syncytial virus (RSV) infection [19]. RSV is the leading cause of respiratory
failure of infants worldwide and the mouse model of RSV has many features similar to
human disease, including abundant infiltration of IFN-y-producing cells [20]. To test the
effect of PGI5 in regulating IFN-y production, mice which overexpress PGIS (PGIS OE)
selectively in the respiratory epithelium and their wild type (WT) FVB strain littermates
were infected with RSV laboratory strain A2 [19]. Six days after infection, the peak of IFN-
v expression in the mouse model of RSV, the RSV infected PGIS OE mice had significantly
decreased lung IFN-y protein expression compared to WT littermate controls. Interestingly,
the PGIS OE mice also had significantly reduced weight loss [19], which reflects the notion
that weight loss in this model is a result of inflammation, and that illness as defined by
weight loss is a consequence of the ability to clear the infection [20]. The ability of PGl to
negatively regulate IFN-y production in vivo was confirmed with RSV infection of IP~/~
mice and their WT controls. In this experiment, there was a significant increase in lung IFN-
y expression six days after infection in the IP~/~ mice and these mice also had greater RSV-
induced weight loss and delayed recovery compared to WT controls. Therefore, the inability
to signal through IP significantly increased the expression of this Th1 cytokine, suggesting
that PG, inhibits Thl responses.

In summary, PGl, analogs decreased BMDC expression of IL-12, the principal cytokine that
drives Th1 responses, in an IP-specific fashion [7], while PGI, directly decreased CD4 Thl
cytokine production, in a partially IP-specific manner [8]. In vivo airway epithelial PGIS OE
inhibited lung IFN-y expression following RSV infection, while the reverse was true in
IP~/~ mice. Taken together, these results certainly suggest that PG, signaling limits Thl
immune responses.

Role of PGl, in regulating Th2 responses

In addition to its generally inhibitory effect on Th1l responses, PGl5 also restrains the ability
of dendritic cells to optimally present antigen to CD4+ T cells and reduces Th2 immune
responses both in vitro and in vivo. Our lab explored the ability of PGl to regulate dendritic
cell-mediated Th2 differentiation in vitro [7]. First, BMDCs were cultured for 8 days and
then pulsed overnight with chicken egg ovalbumin (OVA) protein so that the protein could
be taken up by the cells, processed, and then presented on the cell surface in the context of
MHC class Il. PGI, analogs, or their respective vehicles, were added at the time of the
addition of OVA to the culture to determine the effect of these analogs on BMDC cell
surface molecule expression. The PGI, analogs significantly decreased BMDC MHC class
I, CD86, and CD40 surface expression, thus reducing expression of molecules critical for
antigen presentation [7].

In other experiments to assess the ability of PGI5 to regulate the capacity of BMDCs to
present antigen and stimulate T cell proliferation, the BMDCs were again cultured for 8 days
and prior to overnight addition of OVA protein in the presence or absence of the PGl,
analogs [7]. These BMDCs that now presented OV A peptides in the context of MHC class |1
were then cultured with CD4+ cells obtained from D011.10 mice for 4 days. For this
experiment D011.10 transgenic mice, which have an OVA-specific T cell receptor, were
used as a source of CD4+ T lymphocytes. Therefore the precursor frequency of OVA-
specific naive CD4+ T cells in D011.10 mice is much greater than in WT mice and can be
used to assess the dendritic cell’s ability to activate T cells in an antigen-specific manner.
Prior to culture, the D011.10 CD4+ cells were incubated with carboxyfluorescein
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succinimidyl ester (CFSE), so that CD4+ cell proliferation could be assessed. Briefly, CFSE
is a fluorescent dye which is passed equally to the two daughter cells during mitosis. Each
daughter cell will contain half as much CFSE as the parent cell, therefore cell division is
tracked by flow cytometry. Cell division, in turn, is directly associated with the level of
activation, as more activation leads to more rounds of division. Both iloprost and cicaprost
treatment of dendritic cells at the time of exposure to OVA significantly inhibited
subsequent T cell proliferation and secretion of the Th2 cytokines IL-5 and IL-13 [7]. These
in vitro results indicate that PGI, negatively regulates the ability of BMDC to stimulate T
cell proliferation and cytokine production in an antigen-specific fashion.

PGl also directly down-regulates Th2 polarized CD4+ cell expression of IL-4, IL-5, and
IL-13 in vitro (Figure 3) [8]. Purified splenic CD4+ cells from WT and IP~/~ mice were
activated with anti-CD3 and anti-CD28 in the presence of Th2-skewing conditions. After 4
days of culture, the cells were re-stimulated with anti-CD3 with or without PGl analogs,
mimicking restimulation by antigen in the presence or absence of PGl,. Both PGl analogs
suppressed Th2 effector cytokine production at concentrations in a dose-dependent manner
[8]. This suppression was partially ablated in cells taken from 1P~/ mice, suggesting that
PGl reduction of Th2 cytokine production is only partially IP-specific [8].

Several groups have reported results that strongly suggest that PGI, analogs restrain Th2
responses in vivo. The first used the OVA model of allergic lung inflammation which
incorporates a sensitization phase where mice are intraperitoneally injected with OVA
formulated with aluminum hydroxide on days 0 and 12, followed by a challenge phase 10
days later where the mice are exposed to aerosolized OVA [21]. Takahashi and colleagues
reported that IP~~ mice had a significant increase in serum antigen specific IgE, lung
leukocyte accumulation, and Th2 cytokine protein expression [21]. In addition, there was an
approximate three-fold greater production of IL-4 by spleen cells from sensitized and
challenged IP~/~ mice compared to WT mice that had undergone the same protocol. This
same group extended the OVA challenge period so that mice were exposed to antigen daily
for three weeks [22]. In this setting, IP~/~ mice had increased goblet cell hyperplasia and
subepithelial fibrosis compared to WT mice. These results strongly suggest that the inability
to signal through IP augments allergen-induced lung inflammation.

Jaffar and colleagues have also investigated the role of PGI, in Th2-mediated allergic
responses [23, 24]. In the first report, they adoptively transferred Th2-polarized CD4+ cells
from D011.10 mice into naive recipients and then challenged the mice while they were
being treated with a selective COX-2 inhibitor or vehicle [23]. The COX-2 inhibitor treated
mice had decreased levels of the stable PG, metabolite 6-keto-PGF4,, yet enhanced airway
responsiveness and lung production of Th2 cytokines compared to the vehicle treated mice.
Additionally, CD4+ D011.10 cells polarized to Th2 cells in the presence of the PGI, analog
carbaprostacyclin had increased production of IL-10, a cytokine that suppresses Th2
immune responses [23].

A more recent report by this same team of investigators proposed a mechanism for the
inhibition of Th2 immune responses by PGl,, suggesting that reduced cell recruitment is the
driving force of the inhibition, rather than alteration of Th2 cell function [24]. In this study,
CDA4+ cells from DO11.10 mice were activated through exposure to OVA peptide under
Th2-skewing conditions. After 4 days, cells were restimulated with OVA peptide and IL-2
and simultaneously treated with either PGl,, which was continuously replenished due to its
short half life, or vehicle. After 4 more days of restimulation, Th2 cells were adoptively
transferred into naive BALB/c recipients. Mice were exposed to aerosolized OVA peptide
for 20 minutes a day over 7 days. Th2 cytokine levels mirrored previous findings, with PG,
having an inhibitory effect on the Th2 response [24]. The investigators concluded that PG,
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was responsible for decreased Th2 immune responses due to inhibition of cell recruitment to
the lung [24]. If mice were not treated immediately with aerosolized OVA and were allowed
to rest for 2 weeks, the reduction in Th2 immune responses was lost, suggesting that the
inhibitory effects of PGl are transitory [24]. The reduction of Th2 response was
independent of cCAMP levels, as mice who received cells pre-treated with cAMP did not
differ from control [24]. Further experiments proved the effect of PGl in downregulating
allergic inflammation in this model to be IP-specific.

Another report implicates PGl5 in altering cDC function, offering an alternate explanation
for the reduction of OVA-induced Th2 immune response. Idzko and colleagues sensitized
mice to OVA and then treated the mice intranasally with either iloprost or vehicle at the time
of OVA challenge [25]. Mice treated with iloprost were found to have decreased airway
responsiveness to OVA, as well as an overall decreased Th2 response. This group found that
iloprost treatment reduced the ability of cDCs to migrate to the lymph nodes, as well as
decreased expression of co-stimulatory molecules on the surface of the cDCs [25]. Such co-
stimulatory molecules are necessary for proper T cell activation, and the lack of correct cDC
function offers a strong theory for how Th2 immune responses are dampened.

While several reports suggest that PGl is a critical negative regulator of allergic
inflammation, it is important to recognize that other prostanoids may also be involved in
modulating allergic responses. Carey and colleagues identified a differential role for COX-1
and COX-2 in regulating Th2 responses [26]. They found that the airways of COX-17/~
mice had exaggerated bronchoalveolar lavage (BAL) fluid levels of Th2 cytokines,
augmented BAL concentrations of chemokines such as eotaxin and thymus- and activation
regulated chemokine (TARC), and increased airway CD4+ and CD8+ cells compared to
either WT or COX-27/~ mice [26]. These results suggest that PG, may not be the
predominant COX product negatively regulating allergic inflammation, in that COX-27/~
mice have reduced production of PGl5,, and one might have expected augmented allergic
inflammation in the COX-2~/~ mice if PGI, restrained allergic inflammation. However, our
lab reported that both COX-1 and COX-2 inhibitors each augmented allergic inflammation
compared to vehicle-treated animals [27]. The discordance of these results suggest that there
may be compensatory changes in the COX-2~/~ mice that negate the inhibitory effect of
PGl, on allergic inflammation, and that these compensatory changes are no longer present
when acute pharmacologic inhibition of COX-2 is effected.

In summary, PGl, analogs decreased the ability BMDC to stimulate T cell proliferation and
Th2 cytokine production in an antigen-specific fashion [7], while PGI, directly decreased
CD4 Th2 cytokine production, in a partially IP-specific manner [8]. In vivo studies from
several groups strongly suggest that PGl restrains allergen-induced lung inflammation [21-
25]. Taken together, these results certainly suggest that PGl signaling limits Th2 immune
responses.

Role of PGI, in regulating Th17 responses

The overwhelming evidence is that PGI, signaling decreases both Th1 and Th2 responses.
Th1 and Th2 cytokines such as IL-12, IFN-y, IL-4, and IL-13 hinder Th17 differentiation
[28, 29]. Through these actions, one might hypothesize that PGI, enhances Th17 immune
responses by dampening Th17-suppressing factors. Recent published data, coupled with
unpublished data from our lab, suggest that PGI, does in fact enhance Th17 immune
responses. Mice which lack the ability to synthesize PGI, have blunted Th17 immune
responses as shown in an in vivo mouse model of ovalbumin sensitization and challenge
[30]. WT mice, COX-17/~, and COX-2~/~ mice were sensitized to OVA, and 2 weeks later
mice were exposed to aerosolized OV A for 30 minutes each day for 4 consecutive days, and
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the next day lungs were harvested and Th17 cytokine levels were measured. Th17 cytokines
were significantly lowered in the lungs, lymph nodes, and BAL fluid of COX-2~/~ mice
compared to WT, while no significant differences were detected between WT and COX-17/~
mice [30]. This reduction of Th17 differentiation could be rescued in vitro through the
addition of PGI, analogs to cultured CD4+ cells, returning Th17 cytokine levels to that of
WT mice [30].

One possible mechanism by which PGI, skewed Th17 differentiation could involve the
balance of the Th1-driving cytokine IL-12, to the Th17-priming cytokine, IL- 23 at the time
of CD4+ T cell differentiation. 1L-23 is secreted by DCs, and promotes maturation of the
Th17 cell phenotype [31]. As mentioned earlier, PGl significantly decreased expression of
IL-12 by BMDCs in a dose-dependent manner following LPS stimulation; however, PGl,
had no effect on the expression of 1L-23 by these cells [32]. Therefore, the ratio of IL-12 to
IL-23 in the microenvironment heavily favors Th17 cell differentiation. This effect of PGl,
on the ratio of 1L-23 to IL-12 expression is IP-specific as prostacyclin analogs such as
iloprost and cicaprost had no effect on either IL-12 or IL-23 production from cultured
BMDCs from IP~~ mice (Figure 4) [32].

This upregulation of Th17 differentiation and cytokine expression by PGI, suggests that
mice lacking the ability to signal through PGI,-IP would be protected against Th17-
mediated diseases. Our lab tested this supposition in a mouse model of experimental
autoimmune encephalitis (EAE) [32]. EAE has features similar to the human disorder
Multiple Sclerosis and the early features of this disease have been shown to be largely
mediated by Th17 inflammation. In this model, mice are infected with myelin basic protein
(MOG) emulsified in Complete Freund’s Adjuvant. This mixture induces the recruitment of
autoimmune T Cells that specifically react to myelin antigen found in nerve sheaths. As the
disease progresses, mice undergo ascending paralysis from the tail to the forelimbs. This
paralysis may be remitting. IP deficient mice had statistically significantly delayed onset and
decreased severity of EAE [32]. The inability to signal through IP therefore led to a
decreased Th17 response and protection against EAE [32].

In summary, we have reviewed that PGI, suppresses Thl and Th2 differentiation and
function in most cases. This inhibition may be fully or partially IP-specific, depending on
the cell type involved in the immune response. In the limited reports published so far, PGl,
seems to enhance Th17 immune responses [30, 32]. PGI, therefore plays a critical role not
only in vascular tissues, but also as a broad central mediator of immune responses in the
lung and beyond.
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Abbreviations

APCs antigen presenting cells

BMDCs bone marrow-derived dendritic cells
BAL bronchoalveolar lavage

CFSE carboxyfluorescein succinimidyl ester
cDC conventional dendritic cell

COX cyclooxygenase
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FDCs follicular dendritic cells
IFN interferon
IL interleukin
MHC major histocompatibility complex
OVA ovalbumin
PGIS PGI synthase
PG prostaglandin
RSV respiratory syncytial virus
Th T helper
TARC thymus- and activation regulated chemokine
WT Wild type
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Figure 1.
Cytokines responsible for and produced by CD4+ Th1, Th2, and Th17 cells
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Figure 2.
PGl, analogs inhibited IL-12 production by BMDCs. BMDC cells were cultured in GM-

CSF for 8 days. The cell population was treated with PGI, analogs (iloprost and cicaprost) at
increasing concentrations in the presence of LPS (1 pug/ml) for 24 h. The levels of IL-12 in
the culture supernatants were measured by ELISA. Data represent mean + SD of three
experiments. =, p < 0.05 compared with vehicle-treated cells.
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Figure 3.
PGl analogs inhibited effector cytokine production by differentiated Th2 cells. CD4 T cells

from WT and IP~/~ mice were stimulated under Th2 conditions for 4 days followed by TCR
restimulation for 2 days. The PGI, analogs cicaprost and iloprost were added at a
concentration of 20 nM at the time of restimulation. Cytokines were measured by ELISA.
Data shown are the mean £ SEM of n = 4 experiments. *, P < 0.05, versus the respective
vehicles for each of the analogs.
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PGI2 analogs increased the ratio of 1L-23/IL-12 produced by BMDCs from WT and IP~/~
mice. BMDC cells were cultured in GM-CSF for 8 days. The cell population was treated
with PGI, analogs (iloprost and cicaprost) at increasing concentrations in the presence of
LPS (1 ug/ml) for 24 h. The levels of 1L-23 and IL-12 in the culture supernatants were
measured by ELISA. Data represent the ratio of IL- 23/I1L-12 at each concentration of the
PGl analogs. =, p < 0.05 compared with vehicle- treated cells.
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