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1 The prostanoid, PGE2, is known to inhibit human lung mast cell activity. The aim of the present
study was to characterize the EP receptor that mediates this effect.

2 PGE2 (pEC50, 5.870.1) inhibited the IgE-mediated release of histamine from mast cells in a
concentration-dependent manner. Alternative EP receptor agonists were studied. The EP2-selective
agonist, butaprost (pEC50, 5.270.2), was an effective inhibitor of mediator release whereas the EP1/EP3
receptor agonist, sulprostone, and the EP1-selective agonist, 17-phenyl-trinor-PGE2, were ineffective.

3 The DP agonist PGD2, the FP agonist PGF2a, the IP agonist iloprost and the TP agonist U-46619
were ineffective inhibitors of IgE-mediated histamine release from mast cells.

4 PGE2 induced a concentration-dependent increase in intracellular cAMP levels in mast cells.

5 The effects of the EP1/EP2 receptor antagonist, AH6809, and the EP4 receptor antagonist,
AH23848, on the PGE2-mediated inhibition of histamine release were determined. AH6809 (pKB,
5.670.1) caused a modest rightward shift in the PGE2 concentration–response curve, whereas
AH23848 was ineffective.

6 Long-term (24 h) incubation of mast cells with either PGE2 or butaprost (EP2 agonist), but not
sulprostone (EP1/EP3 agonist), caused a significant reduction in the subsequent ability of PGE2 to
inhibit histamine release.

7 Collectively, these data suggest that PGE2 mediates effects on human lung mast cells by interacting
with EP2 receptors.
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Introduction

Prostanoids are critically important endogenous regulators of

a wide variety of physiological processes. This is highlighted by

the manifold actions ascribed to PGE2. For example, PGE2 is

known to be gastroprotective (Peskar et al., 2003), to induce

both contraction and relaxation of different types of smooth

muscle (Norel et al., 1999) and to mediate both pro- and anti-

inflammatory effects (Tilley et al., 2001). A component of the

anti-inflammatory properties of PGE2 could be the stabiliza-

tion of cell activity and, in this context, inhibitory effects of

PGE2 on mast cells could be important (Drury et al., 1998;

Gauvreau et al., 1999; Hartert et al., 2000).

The mast cell has long been recognized as central to the

mediation of allergic disorders such as asthma (Holgate et al.,

1986). Activation of the mast cell, by allergens or other stimuli,

leads to the generation and/or release of a wide variety of

autacoids such as histamine, eicosanoids, cytokines and

enzymes (Williams & Galli, 2000). These generated mediators

influence the immediate environment. In the context of

asthma, the generation of mediators from lung mast cells

can result in both bronchoconstriction and inflammation

(Bingham & Austen, 2000). In addition to these more

immediate effects, it is quite probable that, over the longer

term, mast cell-derived products contribute to airway remodel-

ling (Elias et al., 1999; Holgate et al., 2003). Mast cell-derived

mediators can, therefore, alter lung physiology over both the

short and longer term. As PGE2 can prevent the release of

mediators from mast cells, the prostanoid may play an

important role as a physiological regulator of mast cell activity.

PGE2 mediates effects by interacting with EP receptors.

Four EP receptors have been identified that are G-protein

coupled (Coleman et al., 1994; Breyer et al., 2001). EP1
receptors mediate elevations of intracellular calcium, EP2 and

EP4 receptors activate adenylyl cyclase, whereas EP3 receptors

have been shown to inhibit and to activate adenylyl cyclase as

well as drive calcium mobilization (Irie et al., 1993; An et al.,

1994; Breyer et al., 2001). Agonists and antagonists to these

receptors have been developed although selectivity of action

can be an issue with some of these ligands (Kiriyama et al.,

1997; Abramovitz et al., 2000; Wilson et al., 2004). However,

judicious use of these compounds can go a long way in

identifying the EP receptor that mediates a response. The

primary aim of the present study was to identify the EP

receptor that modulates human lung mast cell activity.*Author for correspondence; E-mail: p.t.peachell@shef.ac.uk
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Methods

Buffers

Tyrode’s buffer contained (mM): NaCl 137, HEPES 1.2, KCl

2.7, NaH2PO4 .H2O 0.04, glucose 5.6. Tyrode’s-FBS was

Tyrode’s which additionally contained: CaCl2 . 2H2O 0.5mM,

MgCl2 . 6H2O 1mM, FBS 2%, DNase 15mgml�1. Phosphate-
buffered saline (PBS) contained (mM): NaCl 137, Na2H-

PO4 . 12H2O 8, KCl 2.7, KH2PO4 1.5, CaCl2 . 2H2O 1,

MgCl2 . 6H2O 1, glucose 5.6, HSA 30mgml�1. The pH of

Tyrode’s buffers and PBS was titrated to 7.3.

Preparation of compounds

Stock solutions (10mM) of PGE2, PGD2, PGF2a, 17-phenyl-

trinor-PGE2, butaprost methyl ester, sulprostone and U-46619

(9,11-dideoxy-9a,11a-methanoepoxy prostaglandin F2a) were
prepared in ethanol and stored at �201C. Iloprost was
provided as a stock solution (13.9mM) in methyl acetate and

stored at �201C. AH6804 (6-isopropoxy-9-oxoxanthene-2-
carboxylic acid) and AH23848 ([1a(z),2b,5a]-(7)-7-[5-[[1,10-
biphenyl)-4-yl]methoxy]-2-(4-morpholinyl)-3-oxo-cyclopen-

tyl]-4-heptenoic acid) were prepared as stock solutions of 10

and 100mM, respectively, in dimethyl sulphoxide (DMSO) and

stored at �201C. Stock solutions (10mM) of (�)-isoprenaline
bitartrate were prepared weekly in 0.05% sodium metabisul-

phite (dissolved in 0.9% NaCl) and stored at 41C. Forskolin

(100mM) was made up as a stock in DMSO and stored at

�201C. Formoterol fumarate (10mM) was prepared weekly as
a stock in DMSO and stored at 41C. Isobutyl methylxanthine

(IBMX) and dibutyryl-cAMP (Bu2-cAMP) were made up daily

as stock solutions (2mM) in PBS buffer. Lyophilized

polyclonal goat anti-human IgE antibody was reconstituted

in distilled water and stored at 41C.

Lung tissue

Non-lesional tissue from lung resections of patients was

obtained following surgery. Most of the patients were under-

going surgery for carcinoma. The male to female split was 60–

40 and 90% of the patients were white caucasians. The

provision of lung tissue and the use of the tissue in this study

were approved by the Local Research Ethics’ Committee.

Isolation of mast cells

Mast cells were isolated from human lung tissue by a

modification of the method described (Ali & Pearce, 1985).

The tissue was stripped of its pleura and chopped vigorously

for 15min with scissors in a small volume of Tyrode’s buffer.

The chopped tissue was washed over a nylon mesh (100 mm
pore size; Incamesh Filtration, Warrington, U.K.) with 0.5–1 l

of Tyrode’s buffer to remove lung macrophages. The tissue

was reconstituted in Tyrode’s-FBS (10ml g�1 of tissue)

containing collagenase Ia (15mg per 100ml of Tyrode’s-

FBS) and agitated by using a water-driven magnetic stirrer

immersed in a water bath set at 371C. The supernatant was

separated from the tissue by filtration over nylon mesh. The

collagenase-treated tissue was then reconstituted in a small

volume of Tyrode’s-FBS buffer and disrupted mechanically

with a syringe. The disrupted tissue was then washed over

nylon gauze with Tyrode’s-FBS (300–600ml). The pooled

filtrates were sedimented (120� g, room temperature, 8min),
the supernatant discarded and the pellets reconstituted in

Tyrode’s-FBS (100ml). The pellet was washed a further two

times. The dispersion procedure generated 0.2–1� 106 mast
cells per g of lung tissue at 5–20% purity as assessed by alcian

blue staining (Gilbert & Ornstein, 1975). These cell prepara-

tions were used in histamine release experiments. Mast cell-

enriched preparations (430% purity) were generated by

countercurrent elutriation (Beckman J6B centrifuge, JE-5.0

elutriator head) and further purification (X74%) was achieved

by flotation of mast cell-enriched preparations over Percoll

density gradients using slight modifications of the methods

that have been described in detail elsewhere (Schulman et al.,

1982; Ishizaka et al., 1983). Purified mast cells were used in

cAMP assays.

Histamine release

Histamine release experiments were performed in PBS.

Histamine release from mast cells was initiated immunologi-

cally with a maximal releasing concentration of anti-IgE

(1 : 300). Secretion was allowed to proceed for 25min at 371C

after which time the cells were pelleted by centrifugation

(400� g, room temperature, 3min). Histamine released into

the supernatant was determined by a modification of the

automated fluorometric method of Siraganian (1974). When

prostanoids or alternative cAMP-active compounds were

employed, cells were incubated with inhibitor for 10min at

371C before the addition of stimulus and then samples were

processed as indicated above. Total histamine content was

determined by lysing aliquots of the cells with 1.6% perchloric

acid. Cells incubated in buffer alone served as a measure of

spontaneous histamine release (o6%). Histamine release was
thus expressed as a percentage of the total histamine content

after subtracting the spontaneous histamine release.

When long-term incubations were performed, RPMI 1640

buffer supplemented with penicillin/streptomycin (10 mgml�1)
and gentamicin (50 mgml�1) was employed. Cells were

incubated (24 h) at a density of 0.1� 106 mast cells per ml in
six-well plates with, usually, 0.5� 106 mast cells per condition
with or without a prostanoid. After completion of the

incubations, the cells were washed three times with PBS and

reconstituted in the same buffer for mediator release experi-

ments. Incubations of mast cells with prostanoids had no effect

on either the total number of mast cells recovered, the total

histamine content or the spontaneous histamine release

compared to mast cells incubated in buffer.

Assays for cAMP

Total cell cAMP levels were monitored according to methods

that have been described elsewhere (Chong et al., 1998).

Purified cells were incubated (10min) without or with PGE2
and the reaction terminated by the addition of ice-cold

acidified ethanol and snap-freezing of samples in liquid

nitrogen. After thawing, samples were pelleted by centrifuga-

tion, supernatants saved and the ethanol evaporated using a

rotary evaporator. Samples were reconstituted in assay buffer

and cAMP levels were determined by radioimmunoassay.

708 L.J. Kay et al Mast cell EP2 receptors

British Journal of Pharmacology vol 147 (7)



Materials

The following were purchased from the sources indicated;

AH6809, AH23848, butaprost methyl ester, sulprostone,

PGE2, anti-human IgE, Bu2-cAMP, collagenase, DNase,

forskolin, HSA, IBMX, isoprenaline, Percoll (all Sigma, Poole,

U.K.); U-46619 and 17-phenyl-trinor-PGE2 (Biomol, Ply-

mouth Meeting, PA, U.S.A.); iloprost (Cayman Chemical,

Ann Arbor, MI, U.S.A.); formoterol (Yamanouchi, Ibaraki,

Japan) was kindly provided as a gift.

Data analysis

Maximal responses (Emax) and potencies (pEC50) were deter-

mined by nonlinear regression analysis (GraphPad Prism,

version 3.0a). Antagonist affinity was estimated using the

following formula: pKB¼ log(dose ratio � 1) � log(antagonist
concentration), where pKB is the negative logarithm of the

apparent dissociation constant and the dose ratio is the ratio

of EC50 values in the presence and absence of antagonist.

Statistical significance was assessed utilizing either repeated

measures ANOVA or Student’s t-test.

Results

Studies with agonists

PGE2 (3� 10�8–10�5M) inhibited IgE-mediated histamine re-
lease from human lung mast cells in a concentration-dependent

manner (Figure 1). Alternative EP receptor ligands (3� 10�8–
10�5M) were also studied. Of these only the EP2-selective

agonist, butaprost, inhibited histamine release from mast cells

whereas neither sulprostone (EP1/EP3 ligand) nor 17-phenyl-

trinor-PGE2 (EP1 agonist) was effective (Figure 1a). Neither the

DP receptor agonist PGD2 nor the FP receptor agonist PGF2a
was an effective inhibitor of IgE-dependent histamine release

(Figure 1b). Moreover, neither the IP receptor agonist iloprost

nor the TP receptor agonist U-46619 had any effect on the IgE-

mediated release of histamine from mast cells (Figure 1c).

In these initial experiments, close to maximal inhibitory effects

were obtained with PGE2, but not with butaprost, over the

concentration range used. Therefore, in additional experiments,

higher concentrations of butaprost (and PGE2) were studied in

order to achieve maximal inhibition and, thereby, more reliable

values for agonist potency (Table 1). PGE2 was about fivefold

more potent than butaprost as an inhibitor of IgE-mediated

histamine release but butaprost was the more efficacious agonist.

PGE2 caused a concentration-dependent increase in total

cell cAMP levels in human lung mast cells (Figure 2). In a total

of nine experiments, PGE2 (3� 10�5M) caused a 176752%
(Po0.05) enhancement in cAMP levels in mast cells (purity,
74–91%; mean, 8172%) over basal.

Studies with antagonists

The effect of AH6809, an antagonist at EP1 and EP2 receptors,

on the PGE2 inhibition of histamine release was investigated

(Figure 3). AH6809 (10�5M) caused an approximately fivefold
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Figure 1 Effects of prostanoids on mast cells. Cells were incubated
for 10min with a given prostanoid before challenge with anti-IgE
(1 : 300) for 25min for histamine release. Values are expressed as the
percentage inhibition of the control histamine release which was
2374%. Values are means7s.e.m. for eight (PGE2, PGD2, PGF2a,
butaprost, sulprostone) or four (17-phenyl-trinor-PGE2, iloprost,
U-46619) experiments. Asterisks denote statistically significant
(Po0.05 at least) effects. Split panels are provided to aid clarity.

Table 1 Emax and pEC50 values for PGE2 and
butaprost

PGE2 Butaprost

Emax (%) 58.173.3 87.274.4
pEC50 5.8170.11 5.1570.16

Mast cells were incubated for 10min with or without either
PGE2 (10

�7–3� 10�5M) or butaprost (10�7–3� 10�5M) before
challenge with anti-IgE (1 : 300) for 25min. Concentration–
response curves for the inhibition of histamine release by the
prostanoids were constructed and Emax and pEC50 values
determined for each experiment. Values are means7s.e.m. of
23 (PGE2) and six (butaprost) experiments.
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rightward shift in the PGE2 concentration response curve.

Reliable EC50 values for PGE2, in the presence of antagonist,

could only be determined in three of the five experiments

performed. Based on data from these three experiments a pKB
value of 5.670.1 was calculated for AH6809. By contrast,
AH23848 (3� 10�5M), which is known to act at EP4 receptors
but not EP2 receptors, failed to antagonize the inhibitory

effects of PGE2 (Figure 3).

Desensitization studies

In order to gain further insight into the EP receptor that

mediates the effects of PGE2 in mast cells, cross-desensitization

experiments were performed. Long-term exposure (24 h) of

mast cells to either PGE2 (10
�5
M) or butaprost (10�5M), but

not sulprostone (10�5M), attenuated the subsequent effective-

ness of PGE2 (10
�7–3� 10�5M) to inhibit IgE-mediated

histamine release (Figure 4). Long-term treatment (24 h) of

mast cells with PGE2 (10
�5
M) did not affect the ability of the

b-adrenoceptor agonists, isoprenaline and formoterol, to

inhibit IgE-mediated histamine release (Figure 5, Table 2).

Moreover, long-term incubation (24 h) of mast cells with PGE2
did not influence the inhibitory activity of either forskolin,

a direct activator of adenylyl cyclase, IBMX, a non-selective

phosphodiesterase inhibitor or, Bu2-cAMP, a direct activator

of protein kinase A (Table 2).

Discussion

In the present study, we have attempted to characterize the

receptor that mediates the effects of PGE2 on human lung mast

cells. In accord with previous studies, PGE2 was found to

inhibit IgE-mediated histamine release from human lung mast

cells in a concentration-dependent manner suggesting that

mast cells express EP receptors (Drury et al., 1998). Indeed

it seems probable that, of the main classes of prostanoid

receptor, mast cells express EP receptors alone because

agonists directed at DP (PGD2), FP (PGF2a), IP (iloprost)

and TP (U-46619) receptors were ineffective in mast cells. The

very modest effects of PGD2 and PGF2a in mast cells

(Figure 1b) probably represent interactions of these agonists

with EP receptors.

A variety of EP receptor agonists were also studied and of

these only butaprost (EP2-selective agonist) was effective,

whereas neither sulprostone (EP1/EP3 ligand) nor 17-phenyl-

trinor-PGE2 (EP1 agonist) displayed any activity. These data

suggest that mast cells express EP2 receptors as responses

to butaprost are considered diagnostic for EP2 receptors

(Kiriyama et al., 1997). However, it should be noted that,

in this study, the commercially available methyl ester

form of butaprost, rather than the free acid, was employed.

The free acid and methyl ester forms of butaprost have been
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Figure 2 Effect of PGE2 on cAMP levels in mast cells. Mast cells
were incubated without or with increasing concentrations of PGE2
for 10min. After this incubation, the cells were snap frozen,
solubilized and total cell cAMP levels measured. Results are
expressed as the percentage enhancement in cAMP levels over
basal. Mast cell purities ranged from 74 to 87% (mean, 8073%).
Values are means7s.e.m. for five experiments. Asterisks denote
statistically significant (Po0.05 at least) effects.
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Figure 3 Effect of prostanoid receptor antagonists on the PGE2
inhibition. Mast cells were incubated without or with either AH6809
(10�5M) or AH23848 (3� 10�5M) and without or with PGE2 for
10min before challenge with anti-IgE (1 : 300) for 25min. Values are
expressed as the percentage inhibition of control histamine release
which were 3672 (control), 3574 (AH6809) and 3075%
(AH23848). Values are means7s.e.m. for five experiments.
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Figure 4 Desensitization of PGE2-mediated responses in mast cells.
Cells were incubated (24 h) without (control) or with PGE2,
sulprostone or butaprost (all at 10�5M) and then washed extensively.
Cells were then incubated without or with increasing concentrations
of PGE2 for 10min before challenge with anti-IgE (1 : 300) for
25min for histamine release. Values are expressed as the percentage
inhibition of the unblocked histamine releases which ranged from
2777 to 3378% after 24 h treatments with buffer or agonists.
Values are means7s.e.m. for six experiments. Asterisks denote
statistically significant (Po0.05 at least) reductions in inhibition
following long-term treatments with agonists.
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shown to be, respectively, about two- and 30-fold less potent

than PGE2 at EP2 receptors (Wilson et al., 2004). That

butaprost methyl ester was only fivefold less potent than PGE2

as an inhibitor of histamine release indicates that the methyl

ester was more potent than might have been anticipated. This

increase in relative potency could be due, at least in part, to the

conversion of the methyl ester, by cellular esterases, to the free

acid (Abramovitz et al., 2000; Wilson et al., 2004). However,

that butaprost was more efficacious than PGE2 in mast cells,

is less readily explained by a mechanism involving significant

conversion of the methyl ester to the free acid as butaprost free

acid has been shown to be a partial agonist relative to PGE2
in a recombinant cell system (Wilson et al., 2004). However,

differences in the responses of a given receptor to ligands,

when expressed in different systems, might be anticipated.

Moreover, the type of functional output used to monitor

receptor behaviour may also influence the relative activity of

ligands. Taking these considerations as a whole, that mast cells

respond to butaprost methyl ester suggests that mast cells

express EP2 receptors. However, these studies indicate that

care needs to be exercised in the interpretation of data when

the methyl ester form of butaprost is employed as a probe

(Wilson et al., 2004).

That PGE2 induced increases in intracellular levels of cAMP

in mast cells also provides support for the expression of EP2
receptors (Stillman et al., 1999; Wilson et al., 2004) but these

experiments do not exclude the possibility that mast cells

express EP4 receptors as these also are coupled to adenylyl

cyclase (Wilson et al., 2004). In addition, certain EP3 receptor

splice variants have been shown to be coupled to adenylyl

cyclase (Irie et al., 1993) but as sulprostone, an agonist at EP3
receptors, was ineffective it seems unlikely that EP3 receptors

mediate the effects of PGE2 in mast cells.

The finding that AH6809 antagonized the effects of PGE2 in

mast cells provides further evidence that mast cells express EP2
receptors. Moreover, the affinity of AH6809 (pKB, 5.670.1) as
an antagonist of the effects of PGE2 in mast cells is consistent

with the findings of others investigating effects at EP2
receptors (Norel et al., 1999; Clarke et al., 2004). It should

be noted that AH6809 is not EP2-selective having activity at

EP1, DP and TP receptors (Kiriyama et al., 1997; Abramovitz

et al., 2000). However, the failure of the agonists 17-phenyl-

trinor-PGE2, iloprost and U-46619 to affect mediator release

from mast cells argues against the expression of these receptors

in this system. An alternative antagonist, AH23848, failed to

antagonize the inhibitory effects of PGE2 in mast cells. As

AH23848 has activity at EP4 receptors (and TP receptors) but

is essentially ineffective at EP2 receptors (Abramovitz et al.,

2000) these data suggest that PGE2 does not mediate effects

through EP4 receptors in mast cells.

In order to gain further insight into the EP receptor that

mediates the effects of PGE2 in mast cells, cross-desensitization

experiments were performed. This was determined by con-

sidering the effects of long-term exposure of mast cells to PGE2
and other agonists on the subsequent ability of PGE2 to inhibit

mediator release from mast cells. Long-term treatment of mast

cells with PGE2 substantially suppressed the subsequent ability

of PGE2 to stabilize mast cell responses. The desensitizing

treatment selectively affected PGE2 as the inhibitory responses

of isoprenaline and formoterol (b-adrenoceptor agonists),
forskolin (direct activator of adenylyl cyclase), IBMX (a

phosphodiesterase inhibitor) and Bu2-cAMP (activator of

protein kinase A) were not affected by the treatment. On the

basis of these data, it is likely that long-term treatment of mast

cells with PGE2 leads to the selective desensitization of EP
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Figure 5 Effect of PGE2 treatment on b-adrenoceptor-mediated
responses in mast cells. Cells were incubated (24 h) without (control)
or with PGE2 (10

�5
M) and then washed extensively. Cells were then

incubated without or with increasing concentrations of either (a)
PGE2 or (b) isoprenaline for 10min before challenge with anti-IgE
for 25min for histamine release. Values are expressed as the
percentage inhibition of the control histamine releases and these
were 3674 (control) and 2875% (PGE2-treated). Values are
means7s.e.m. for five experiments. Asterisks denote statistically
significant (Po0.05 at least) reductions in inhibition following long-
term PGE2 treatment.

Table 2 Effect of long-term PGE2 treatment on the
inhibitory activities of cAMP-elevating compounds

% Inhibition
Control PGE2-treated

PGE2 (10
�5
M) 4576 2175*

Formoterol (10�6M) 4275 4177
Forskolin (10�5M) 8076 8573
IBMX (3� 10�4M) 5978 6774
Bu2-cAMP (10

�3
M) 4875 4477

Mast cells were incubated (24 h) without (control) or with
PGE2 (10

�5
M) and then washed extensively. The cells were

then incubated with a cAMP-elevating compound for 10min
before challenge with anti-IgE (1 : 300) for a further 25min for
histamine release. Values are expressed as the percentage
inhibition of the control histamine releases and these were
3977 (control) and 3478% (PGE2-treated). Values are
means7s.e.m. for five experiments. Asterisk denotes a
significantly different (Po0.01) level of inhibition following
PGE2 treatment compared to control.
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receptors (Nishigaki et al., 1996; Bastepe & Ashby, 1997). In

further studies, it was established that long-term treatment of

mast cells with the EP2-selective ligand, butaprost, also led to

a substantial reduction in the subsequent inhibitory effects

of PGE2. By contrast, long-term treatment of mast cells with

sulprostone, which acts at EP1 and EP3 receptors, had no effect

on cell responses to PGE2. That butaprost mimicked the

desensitizing capability of PGE2 provides additional support

for the expression of EP2 receptors by mast cells.

It is of interest that mast cells isolated from different species

differ in the manner by which they respond to PGE2. For

example, PGE2 inhibits the release of mediators from rat

peritoneal mast cells but this is likely to be mediated by an

inhibitory DP receptor as little experimental evidence for the

expression of EP receptors exists in these cells (Chan et al.,

2000). By contrast, PGE2 enhances the antigen-driven release

of mediators from mouse bone marrow-derived mast cells, an

effect that is mediated by EP3 receptors (Nguyen et al., 2002).

These differences in the response of rodent and human mast

cells to PGE2 highlight the recognized functional heterogeneity

that exists among mast cells isolated from different species

(Pearce, 1983; Lowman et al., 1988).

As well as differences among species, there appear to be

quite marked differences in the response to PGE2 of human

mast cells derived from different sites. In human cord blood-

derived mast cells, PGE2 alone has been shown to stimulate the

release and generation of vascular endothelial growth factor by

an EP2 receptor-mediated mechanism without affecting the

release of the granule-associated mediator, b-hexosimanidase
(Abdel-Majid & Marshall, 2004). These findings in human

cord blood-derived mast cells are in direct contrast to findings

in human lung mast cells in which the EP2 receptor has been

shown, in the present study, to be inhibitory to mast cell

function. These highly discordant findings could perhaps be

explained by the fact that mast cells from human lung are

predominantly tryptase-containing (MCT mast cells) whereas

cord blood-derived mast cells contain significantly greater

numbers of mast cells containing tryptase and chymase (MCTC

mast cells) (Shichijo et al., 1999; Ahn et al., 2000; Oskeritzian

et al., 2005). As MCT and MCTC mast cells are known to be

functionally heterogeneous (Oskeritzian et al., 2005) this could

provide a potential explanation for the differences in response

to PGE2 in human mast cells. This potential explanation

breaks down in light of data showing that agents that elevate

cAMP inhibit the IgE-dependent release of histamine and the

de novo generation of eicosanoids and cytokines from both

cord blood-derived mast cells and human lung mast cells

(Weston & Peachell, 1998; Shichijo et al., 1999). However, it is

possible that cord blood-derived mast cells represent a highly

diverse subset of mast cells whose phenotype may be heavily

influenced by the culture conditions different groups employ

(Shichijo et al., 1999; Ahn et al., 2000; Abdel-Majid &

Marshall, 2004). By extension, this could determine the way

in which cord blood-derived mast cells respond to agents such

as PGE2.

A growing appreciation that PGE2 exerts an important

homeostatic role in the lung has evolved more recently

(Vancheri et al., 2004). For example, PGE2 has been shown

to relax human bronchi via an EP2-mediated mechanism and

activation of EP2 receptors on airway smooth muscle cells

attenuates cytokine generation and proliferation (Norel et al.,

1999; Clarke et al., 2004; Vancheri et al., 2004). Indeed, the

EP2 receptor has been found to inhibit the activity of a wide

variety of inflammatory cells (Tilley et al., 2001; Harris et al.,

2002). In general agreement with these studies, the present

work has shown that EP2 receptors can stabilize human lung

mast cell activity. Collectively, these data suggest that targeting

EP2 receptors in the lung could prevent airway smooth muscle

contraction and attenuate pulmonary inflammation.
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invaluable help in providing lung tissue specimens.

References

ABDEL-MAJID, R.M. & MARSHALL, J.S. (2004). Prostaglandin E2
induces degranulation-independent production of vascular endo-
thelial growth factor by human mast cells. J. Immunol., 172,
1227–1236.

ABRAMOVITZ, M., ADAM, M., BOIE, Y., CARRIERE, M-C., DENIS,
D., GODBOUT, C., LAMONTAGNE, S., ROCHETTE, C., SAWYER,
N., TREMBLAY, N.M., BELLEY, M., GALLANT, M., DUFRESNE,
C., GAREAU, Y., RUEL, R., JUTEAU, H., LABELLE, M., OUIMET,
N. & METTERS, K.M. (2000). The utilization of recombinant
prostanoid receptors to determine the affinities and selectivities of
prostaglandins and related analogs. Biochim. Biophys. Acta., 1483,
285–293.

AHN, K., TAKAI, S., PAWANKAR, R., KURAMASU, A., OHTSU, H.,
KEMPURAJ, D., TOMITA, H., IIDA, M., MATSUMOTO, K.,
AKASAWA, A., MIYAZAKI, M. & SAITO, H. (2000). Regulation
of chymase production in human mast cell progenitors. J. Allergy
Clin. Immunol., 106, 321–328.

ALI, H. & PEARCE, F.L. (1985). Isolation and properties of cardiac and
other mast cells from the rat and guinea-pig. Agents Actions, 16,
138–140.

AN, S., YANG, J., SO, S.W., ZENG, L. & GOETZL, E.J. (1994). Isoforms
of the EP3 subtype of human prostaglandin E2 receptor trans-
duce both intracellular calcium and cAMP signals. Biochem., 33,
14496–14502.

BASTEPE, M. & ASHBY, B. (1997). The long cytoplasmic carboxyl
terminus of the prostaglandin E2 receptor EP4 subtype is essential
for agonist-induced desensitization. Mol. Pharmacol., 51, 343–349.

BINGHAM, C.O. & AUSTEN, K.F. (2000). Mast-cell responses in the
development of asthma. J. Allergy Clin. Immunol., 105, S527–S534.

BREYER, R.M., BAGDASSARIAN, C.K., MYERS, S.A. & BREYER,
M.D. (2001). Prostanoid receptors: subtypes and signaling. Annu.
Rev. Pharmacol. Toxicol., 41, 661–690.

CHAN, C.L., JONES, R.L. & LAU, H.Y.A. (2000). Characterization of
prostanoid receptors mediating inhibition of histamine release from anti-
IgE-activated rat peritoneal mast cells. Br. J. Pharmacol., 129, 589–597.

CHONG, L.K., COOPER, E., VARDEY, C.J. & PEACHELL, P.T. (1998).
Salmeterol inhibition of mediator release from human lung mast
cells by b-adrenoceptor-dependent and independent mechanisms.
Br. J. Pharmacol., 123, 1009–1015.

CLARKE, D.L., BELVISI, M.G., CATLEY, M.C., YACOUB, M.H.,
NEWTON, R. & GIEMBYCZ, M.A. (2004). Identification in human
airways smooth muscle cells of the prostanoid receptor and
signalling pathway through which PGE2 inhibits the release of
GM-CSF. Br. J. Pharmacol., 141, 1141–1150.

COLEMAN, R.A., SMITH, W.L. & NARUMIYA, S. (1994). International
union of pharmacology classification of prostanoid receptors:
properties, distribution, and structure of the receptors and their
subtypes. Pharmacol. Rev., 46, 205–229.

712 L.J. Kay et al Mast cell EP2 receptors

British Journal of Pharmacology vol 147 (7)



DRURY, D.E.J., CHONG, L.K., GHAHRAMANI, P. & PEACHELL, P.T.
(1998). Influence of receptor reserve on b-adrenoceptor-mediated
responses in human lung mast cells. Br. J. Pharmacol., 124,
711–718.

ELIAS, J.A., ZHOU, Z., CHUPP, G. & HOMER, R.J. (1999). Airway
remodeling in asthma. J. Clin. Invest., 104, 1001–1006.

GAUVREAU, G.M., WATSON, R.M. & O’BYRNE, P.M. (1999).
Protective effects of inhaled PGE2 on allergen-induced airway
responses and airway inflammation. Am. J. Respir. Crit. Care Med.,
159, 31–36.

GILBERT, H.S. & ORNSTEIN, L. (1975). Basophil counting with a new
staining method using Alcian Blue. Blood, 46, 279–282.

HARRIS, S.G., PADILLA, J., KOUMAS, L., RAY, D. & PHIPPS, R.P.
(2002). Prostaglandins as modulators of immunity. Trends Im-
munol., 23, 144–150.

HARTERT, T.V., DWORSKI, R.T., MELLEN, B.G., OATES, J.A.,
MURRAY, J.J. & SHELLER, J.R. (2000). Prostaglandin E2 decreases
allergen-stimulated release of prostaglandin D2 in airways of
subjects with asthma. Am. J. Respir. Crit. Care Med., 162, 637–640.

HOLGATE, S.T., HARDY, C., ROBINSON, C., AGIUS, R.M. &
HOWARTH, P.H. (1986). The mast cell as a primary effector
cell in the pathogenesis of asthma. J. Allergy Clin. Immunol., 79,
274–282.

HOLGATE, S.T., PETERS-GOLDEN, M., PANETTIERI, R.A. &
HENDERSON, W.R. (2003). Roles of cysteinyl leukotrienes in
airway inflammation, smooth muscle function, and remodeling.
J. Allergy Clin. Immunol., 111, S18–S36.

IRIE, A., SUGIMOTO, Y., NAMBA, T., HARAZONA, A., HONDA, A.,
WATABE, A., NEGISHI, M., NARUMIYA, S. & ICHIKAWA, A.
(1993). Third isoform of the prostaglandin-E-receptor EP3
subtype with different C-terminal tail coupling to both stimu-
lation and inhibition of adenylate cyclase. Eur. J. Biochem., 217,
313–318.

ISHIZAKA, T., CONRAD, D.H., SCHULMAN, E.S., STERK, A.R. &
ISHIZAKA, K. (1983). Biochemical analysis of initial triggering
events of IgE-mediated histamine release from human lung mast
cells. J. Immunol., 130, 2357–2362.

KIRIYAMA, M., USHIKUBI, F., KOBAYASHI, T., HIRATA, M.,
SUGIMOTO, Y. & NARUMIYA, S. (1997). Ligand binding
specificities of the eight types and subtypes of the mouse prostanoid
receptors expressed in Chinese hamster ovary cells. Br. J.
Pharmacol., 122, 217–224.

LOWMAN, M.A., REES, P.H., BENYON, R.C. & CHURCH, M.K. (1988).
Human mast cell heterogeneity: histamine release from mast cells
dispersed from skin, lung, adenoids, tonsils, and colon in response
to IgE-dependent and nonimmunologic stimuli. J. Allergy. Clin.
Immunol., 81, 590–597.

NGUYEN, M., SOLLE, M., AUDOLY, L.P., TILLEY, S.L., STOCK, J.L.,
MCNEISH, J.D., COFFMAN, T.M., DOMBROWICZ, D. & KOLLER,
B.H. (2002). Receptors and signaling mechanisms required for
prostaglandin E2-mediated regulation of mast cell degranulation
and IL-6 production. J. Immunol., 169, 4586–4593.

NISHIGAKI, N., NEGISHI, M. & ICHIKAWA, A. (1996). Two Gs-
coupled prostaglandin E receptor subtypes, EP2 and EP4, differ in
desensitization and sensitivity to the metabolic inactivation of the
agonist. Mol. Pharmacol., 50, 1031–1037.

NOREL, X., WALCH, L., LABAT, C., GASCARD, J.-P., DULMET, E. &
BRINK, C. (1999). Prostanoid receptors involved in the relaxation
of human bronchial preparations. Br. J. Pharmacol., 126, 867–872.

OSKERITZIAN, C.A., ZHAO, W., MIN, H.-K., XIA, H.-Z., POZEZ, A.,
KIEV, J. & SCHWARTZ, L.B. (2005). Surface CD88 functionally
distinguishes the MCTC from the MCT type of human lung mast cell.
J. Allergy Clin. Immunol., 115, 1162–1168.

PEARCE, F.L. (1983). Mast cell heterogeneity. Trends Pharmacol. Sci.,
4, 165–167.

PESKAR, B.M., SAWKA, N., EHRLICH, K. & PESKAR, B.A. (2003).
Role of cyclooxygenase-1 and -2, phospholipase C, and protein
kinase C in prostaglandin-mediated gastroprotection. J. Pharmacol.
Exp. Ther., 305, 1233–1238.

SCHULMAN, E.S., MACGLASHAN, D.W., PETERS, S.P., SCHLEIMER,
R.P., NEWBALL, H.H. & LICHTENSTEIN, L.M. (1982). Human lung
mast cells: purification and characterisation. J. Immunol., 129, 2662–2667.

SHICHIJO, M., INAGAKI, N., KIMATA, M., SERIZAWA, I., SAITO, H.
& NAGAI, H. (1999). Role of cyclic 30,50-adenosine monophosphate
in the regulation of chemical mediator release and cytokine
production from cultured human mast cells. J. Allergy Clin.
Immunol., 103, S421–S428.

SIRAGANIAN, R.P. (1974). An automated continuous-flow system for
the extraction and fluorometric analysis of histamine. Anal.
Biochem., 57, 283–287.

STILLMAN, B.A., BREYER, M.D. & BREYER, R.M. (1999). Importance
of the extracellular domain for prostaglandin EP2 receptor function.
Mol. Pharmacol., 56, 545–551.

TILLEY, S.L., COFFMAN, T.M. & KOLLER, B.H. (2001). Mixed
messages: modulation of inflammation and immune responses
by prostaglandins and thromboxanes. J. Clin. Invest., 108, 15–23.

VANCHERI, C., MASTRUZZO, C., SORTINO, M.A. & CRIMI, N.
(2004). The lung as a privileged site for the beneficial actions of
PGE2. Trends Immunol., 25, 40–46.

WESTON, M.C. & PEACHELL, P.T. (1998). Regulation of human mast
cell and basophil function by cAMP. Gen. Pharmacol., 31, 715–719.

WILLIAMS, C.M.M. & GALLI, S.J. (2000). The diverse potential
effector and immunoregulatory roles of mast cells in allergic
disease. J. Allergy Clin. Immunol., 105, 847–859.

WILSON, R.J., RHODES, S.A., WOOD, R.L., SHIELD, V.J., NOEL, L.S.,
GRAY, D.W. & GILES, H. (2004). Functional pharmacology of human
prostanoid EP2 and EP4 receptors. Eur. J. Pharmacol., 501, 49–58.

(Received August 9, 2005
Revised October 14, 2005

Accepted December 16, 2005
Published online 23 January 2006)

L.J. Kay et al Mast cell EP2 receptors 713

British Journal of Pharmacology vol 147 (7)


