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Ah&act-Interleukin 3-dependent BNu-2~13 mast cells, mucosa! type-like mast cells, exhibited aspecific 
high-affinity binding site for [3H]pr~tag!~din (PC) Ez. The binding was completely displaced by M&B 
28767, an EPrse!ective agonist, but not by EP,- or EPrselective ligands, indicating that the PGE2 
binding site is of the EP3 subtype PGE receptor. Whereas the EP3 subtype is presumed to be coupled 
to inhibition of adenylate cyclase in various tissues and cells, in BNu-2~13 cells PGE, had no ability to 
inhibit adenylate cyclase activity, while it induced concentration-dependent stimulation of phos- 
phoinositide metabolism and caused an increase in the intracellular free Cazc concentration in a pertussis 
toxin-sensitive manner. PGE, by itself did not evoke histamine release from the cells, but it markedly 
stimulated histamine release in concert with ionomycin, a Ca” ionophore. The PGE,stimu!ated release 
was also comletely blocked by pertussis toxin. Thus, the PGE receptor expressed on BNu-2~13 mast 
cells is of the EP3 subtype and is linked to phosphoinositide metabolism via a pertussis toxin-sensitive 
G protein, and this activation leads to histamine release. 

Prostaglandin (PG)$ Ez exerts a broad range of 
biological actions in diverse tissues through its 
binding to specific receptors on plasma membranes 
[ 1,2]. PGE receptors are pharmacologically divided 
into three subtypes, EPl, EP2 and EP, [3], and these 
subtypes are suggested to differ in their signal 
transduction; they are presumed to be coupled to 
the stimulation of phospholipase C, and the 
stimulation and inhibition of adenylate cyclase, 
respectively f3,4]. Among these subtypes, EPs has 
been suggested to be involved in inhibition of gastric 
acid secretion [5], neurotransmitter release in central 
and peripheral neurons [6], lipolysis in adipose tissue 
[7], and sodium and water reabsorption in kidney 
tubulus [8,9] through suppression of the intracellular 
cyclic AMP (CAMP) level. 

Mast cells are considered to play a pivotal role 
not only in allergic reactions but also in a number 
of inflammatory disorders [lo]. Mast cells are 
histochemically divided into two types, the connective 
tissue type and the mucosal type. The former reside 
in the skin or peritoneal cavity, contain heparin and 
a large amount of histamine, and produce PGDz 
exclusively as an arachidonic acid metabolite. In 
contrast, the latter are present in the gastrointestinal 
mucosa, contain chondroitin sulfate and a lower 
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amount of histamine, and produce leukotrienes as 
well as PGDr. Mast cells exhibit, as their main 
function, the secretion of histamine and other 
mediators of allergic reactions [ll]. The secretory 
response is elicited via IgE receptors, and an increase 
in the cytosolic Ca2+ concentration ((Ca2+]J appears 
to be the primary trigger for histamine release from 
the cells. In contrast, an increase in the cellular 
CAMP level inhibits the antigen-induced increase in 
Ca2’ uptake by mast cells 1121. PGE, and PGEz 
have been shown to elevate the intracellular cAMP 
level and to inhibit histamine release from connective 
tissue mast cells in response to stimulation 
of immunoglobulin E (IgE) receptors [13,14], 
suggesting that this type of mast cells expresses the 
PGE receptor EPr subtype, which plays an important 
role as a negative feedback regulator of histamine 
release from the ceils. Recently, we cloned a cDNA 
for the mouse EPs receptor from mouse mastocytoma 
P-815 cells, neoplastic mast cells resembling mucosal 
mast cells 1151, which suggested that the EPs receptor 
is expressed in mucosal mast cells and plays a role 
in the function of the cells. However, biochemical 
approaches to PGE receptors in mucosal mast cells 
are hampered by the lack of a convenient preparation 
source. Interleukin 3 (IL3)-dependent bone marrow- 
derived mast cells are phenotypically very similar to 
mucosal mast cells and have been used to characterize 
this type of mast cells [lo]. Thus, we characterized 
PGE receptors in an IL-3-dependent mast cell line, 
BNu-2~13, as a model of mucosal mast cells. The 
present study showed that BNu-2~13 mast cells 
express the EP3 receptor linked to phosphoinositide 
metabolism via a pertussis toxin-sensitive het- 
erotrimeric GTP-binding protein (G protein), and 
the activation of this receptor leads to histamine 
release. 
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MATERIALS AND METHODS ao- ’ 

Materials. M&B 28767, butaprost and SC-19220 
were gifts from Dr. M. P. C. Caton of Rhone- 
Poulenc Ltd., Dr. P. J. Gardiner of Bayer UK Ltd., 
and Dr. P. W. Collins of Searle, respectively. The 
other agents were obtained from commercial sources, 
as follows: [5,6,8,11,12,14,15-3H]PGE2 (154 Ci/ 
mmol), Du Pont-New England Nuclear (Boston, 
MA, U.S.A.); CAMP [1251] assay system, myo-[Z 
3H]inositol (17.6 Ci/mmol) and iloprost, Amersham 
Corp. (Arlington Heights, IL, U.S.A.); PGE,, 
PGE I > PW,, PGD2 and U-46619, Funakoshi 
Pharmaceuticals (Tokyo, Japan); pertussis toxin 
(PT), Seikagaku Kogyo (Tokyo, Japan); forskolin, 
Sigma (St. Louis, MO, U.S.A.); ionomycin, 
Calbiochem (San Diego, CA, U.S.A.); and fura-2/ 
AM, Dojindo Laboratories (Kumamoto, Japan). 
All other chemicals were of reagent grade. 
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The IL3-dependent mast cell line, BNu-2~13, 
established from splenocytes of mice (BALB/C, nu/ 
nu), was grown in RPM1 1640 medium supplemented 
with 10% fetal bovine serum and 50% WEHI- 
conditioned medium as a source of IL-3, and 
maintained at between 2 x lo5 and 1 x lo6 cells/ 
mL. 

Fig. 1. Scatchard plot for PGEr binding to the membrane 
fraction of BNu-2~13 cells. The membrane fraction of BNu- 
2~13 cells was incubated for 60 min at 30” with increasing 
concentrations of [3H]PGE, (0.25 to 20 nM). Specifically 
bound [‘H]PGE2 was determined as described under 
Materialsand Methods. The Scatchard plot was transformed 
from the value of specific [)H]PGE* binding. The plot is 
representative of three independent experiments that 

yielded similar results. 

[3H]PGE2 binding to the membrane fraction. The 
membrane fraction was prepared from the BNu-2~13 
cells as described previously [ 16 

E 
The standard assay 

mixture wascomprised of 2 nM [ H]PGE2(30.8 nCi), 
and 1OOpg of the membrane fraction in 1OOpL of 
20 mM 4-morpholineethanesulfonic acid (MES), 
pH 6.0, containing 1 mM EDTA and 10 mM MgC12. 
After incubation for 1 hr at 30”, the reaction was 
terminated by the addition of 2.5 mL of the ice-cold 
buffer, and then the mixture was rapidly filtered 
through a Whatman GF/C glass filter (@ 2.4cm). 
The filter was washed four times with 2.5 mL of 
the ice-cold solution, and then the radioactivity 
associated with the filter was measured by scintillation 
counting using a toluene solution containing 
30% (v/v) Triton X-100 and 2,4-diphenyloxazole. 
Nonspecific binding was determined using a lOOO- 
fold excess of unlabeled PGE2 in the incubation 
mixture. The specific binding was calculated by 
subtracting the nonspecific binding from the total 
binding. 

X8 chromatography essentially as described by 
Berridge et nl. [ 181. 

Measurement of [Ca*+]i. BNu-2~13 cells (1 x lo6 
cells/ml) were loaded with 3 PM fura-2/AM for 
30 min at 37”. The cells were then washed twice with 
HEPES-buffered saline containing 0.5% bovine 
serum albumin and kept at 4” in the same solution 
until assayed. After centrifugation, the cells (1 x lo6 
cells) were resuspended in HEPES-buffered saline 
without bovine serum albumin, and then the 
fluorescence intensity was measured, at an excitation 
wavelength of 340 or 380nm and an emission 
wavelength of 510 nm, with a fluorescence spectro- 
photometer (Jasco CAF-100; Tokyo, Japan) as 
described previously [ 191. 

Measurement of [3H]phosphatidylinositol hydroly- 
sis. Phosphatidylinositol hydrolysis was measured as 
described previously [17]. BNu-2~13 cells (1 x lo6 
cells) were labeled with [ 3H]inositol (1 pCi/mL) 
for 12 hr in inositol-free RPM1 1640 medium 
supplemented with 10% dialyzed fetal bovine serum 
and 300 U/mL recombinant mouse IL-3. The cells 
were washed twice with a 4-(2-hydroxyethyl)-l- 
piperazineethanesulfonic acid (HEPES) buffered 
saline solution comprised of 140 mM NaCI, 4.7 mM 
KCl, 2.2mM CaC12, 1.2mM MgC12, 1.2 mM 
KH2P04, 11 mM glucose and 15 mM HEPES, 
pH 7.4, and then preincubated with the same solution 
containing 10 mM LiCl for 10 min at 37”. The 
reaction was started by adding the test agents. After 
incubation for the indicated times at 37”, the reaction 
was terminated by the addition of 5% (w/v) 
trichloroacetic acid. Separation of (3H]inositol 
phosphates (IPs) was carried out by Bio-Rad AG l- 

Miscellaneous. The CAMP content of the cells and 
adenylate cyclase activity were determined as 
described previously [20]. Histamine release from 
the cells was determined according to the method 
of Shore et al. [21]. Protein concentrations were 
determined according to Lowry et al. [22] with 
bovine serum albumin as the standard. 

[3H]PGE2 binding to the membrane fraction of 
BNu-2~13 cells. The membrane fraction of BNu-2~13 
cells exhibited highly specific [3H]PGEz binding 
activity, and the specific binding was more than 80% 
(data not shown). Scatchard analysis of this binding 
yielded a dissociation constant of 8.8 nM and a 
binding maximum of 597 fmol/mg (Fig. 1). The 
specificity of this binding is shown in Fig. 2A. The 
binding of [3H]PGE2 was inhibited by unlabeled 
PGs in the order of PGE2 = PGEi > iloprost, a 
stable PG12 analogue > PGF2u > PGD2 > U-46619, 
a stable thromboxane A2 agonist. We further 
characterized the specificity of this [3H]PGE2 binding 
using ligands specific for the PGE receptor subtypes. 
As shown in Fig. 2B, among various PGE analogues, 
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Fig. 2. Binding of [W]PGE, to the membrane fraction of 
BNu-2~13 cells. (A) Displacement of 13H]PGE2 binding by 
various PGs. Unlabeled PGs were added to the bindine 
assay mixture at the indicated concentrations, and specific 
(3H]PGE, binding was determined as described -under 
Materials and Methods. Key: (0) PGEi; (0) PGE$; (II) 
iloprost; (A) PGF,; (A) PGD,; and (Cl) U-46619. (B) 
Displacement of [3H]PGE2 binding by ligands for PGE 
receptor subtypes. Key: (0) M&B 28767; (I) butaprost; 
and (A) SC-19220. The results shown are the means for 
three independent experiments, which varied by less than 

5%. 

only the EPrspecific agonist, M&B 28767, caused 
strong and complete inhibition of the binding. On 
the other hand, an EP+pecific agonist, butaprost, 
required a higher con~ntration for the inhibition, 
and an EPr-specific antagonist, SC-19220, did not 
inhibit it at ail. These results indicate that tbe PGE 
receptor expressed on BNu-2~13 cells is of the EP3 
subtype. 

Signal t~a~~~c~o~ of the EP3 receptor in EMi- 
2cZ3 ce&. We recently demonstrated that the cloned 
EPJ receptor is coupled to the inhibition of adenylate 
cyclase in Chinese hamster ovary cells expressing 
this clone [15]. Thus, we first examined whether 
PGEz causes inhibition of adenylate cyclase in BNu- 
2~13 cells. However, PGEl up to 1 PM had no effect 
on iloprost-induced CAMP accumulation in the cells, 
and PGEz did not inhibit forskolin-stimulated 
adenylate cyclase activity in the membrane fraction 
(data not shown), indicating that the EP3 receptor 
is not coupled to the inhibition of adenytate cyclase 
in BNu-2~13 cells. 

We next examined whether PGEz tri88ers 
phosphatidylinositol hydrolysis. Figure 3A shows 
the time courses of the f3H]IP levels following the 
addition of 1 ,CLM PGE*. PGEz induced a rapid and 
transient increase in [3H]IP3 formation within 30 set, 
and the level decreased to the basal level by 2 min. 
This increase was followed by ones in [3H]IP2 and 
IPr, and these levels decreased to the basal levels 
within 5 min. Figure 3B shows the concentration 
dependency of the effect of PGEl on the [3H]IP3 
level at 3Osec. The formation of f3H]IP3 was 
~on~ntration dependent over the concentration 
range of 10 nM to 1 FM. M&B 28767 also induced 
[3H]IP, formation, but butaprost did not induce it 
at all, and SC-19220 failed to antagonize the effect 
of M&B 28767 (data not shown). As phosphoinositide 

metabolism has been shown to be followed by Ga2’ 
mobilization from the endoplasmic reticulum via 
IP3, we measured [Ca’+]i using the fluorescent probe, 
fura-2. In the presence of extracellular Ca2+, PGE, 
induced a rapid increase in (Ca’+]i within 10 see and 
then the level decreased gradually, the basal level 
being regained within 1 min (Fig. 4A). In Ca’+-free 
medium, PG& induced a rapid increase in iCa2+]i, 
but the extent of the maximal increase in [Ca ‘]r was 
reduced (Fig. 4B). M&B 28767 also caused an 
increase in (Ca”]i, but butaprost had no effect on 
[Ca”]r at all, and SC-19220 did not alter the PGE2- 
induced increase in [Cazf]i (Fig. 4, C-E). When the 
cells were treated with PT (50 ng/mL for 6 hr), the 
PGE,-induced [3H]IP3 formation and elevation of 
[Ca’+]i were almost and completely suppressed, 
respectively (Table 1). To confirm the effect of the 
toxin, the membrane fraction of the cells was 
incubated with the activated toxin and [a-“PINAD. 
One PT-sensitive band, corresponding to M, = 
41,000 and thus presumably Gi was labeled in the 
membrane fraction from the untreated cells, but not 
in that from PT-pretreated cells (data not shown). 

Effect of PG& on ~~t~~ine release from BNu- 
2ci3 celLr. The main function of mast cells is the 
secretion of histamine [ll]. We thus examined the 
effect of PGEl on histamine release from BNu- 
2~13 cells. As shown in Table 2, whereas 1 @l PGE2 
by itself exhibited no significant ability to stimulate 
histamine release from the cells, PGEp clearly 
promoted it in concert with 0.1 PM ionomycin; at 
this concentration, ionomycin itself did not evoke 
histamine release. This increased release caused by 
PGEz with ionomycin was inhibited completely by 
PT pretreatment. M&B 28767 also reproduced this 
stimulatory action, but butaprost did not when used 
with ionomycin. These results indicate that the 
activation of the EP, receptor stimulates the 
his~mine release from BNu-2~13 cells through Gi in 
concert with Ca2+ mobili~tion. 

DISCUSSION 

The objective of this study was to characterize the 
PGE receptor expressed on an IL-3-dependent 
mouse mast cell line, BNu-2~13. The membrane 
fraction of BNu-2~13 cells exhibited PGE2 binding 
specificity for PGEr, PGEz and the EP,specific 
agonist M&B 28767 (Fig. 2), indicating that the PGE 
receptor expressed on BNu-2~13 cells is of the EP3 
subtype. We have recently cloned the mouse 
EP3 receptor from mastocytoma P-815 cells and 
demonstrated that this receptor is engaged in 
inhibition of adenylate cyclase 1151. Furthermore, 
we showed that the EP3 receptor functionally 
associates with Gi and inhibits adenylate cyclase 
activity in a reconstitution system [23]. Adipocytes 
[24] and cortical collecting tubule cells [9] express 
the EP3 receptor, and PGE2 inhibits adenylate 
cyclase in these cells. However, the EP3 receptor 
was found to be coupled to phosphoinositide 
metabolism through a PT-sensitive G protein, but 
not to inhibition of adenylate cyclase in BNu-2~13 
cells (Fig. 3). It was proposed that PT-sensitive 
G proteins are involved in the activation of 
phospholipase G in several types of cells [25-271, 
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Fig. 3. Effect of PGEr on phosphatidylinositol hydrolysis in BNu-2~13 cells. (A) Time course: cells 
were labeled with [‘Hlinositol for 12 hr. After preincubation with 10 mM LiCl for 10 min. the cells 
were stimulated with 1 PM PGE?. At the time points indicated, [3H]IPs were extracted and analyzed 
by AG 1-X8 chromatography as described under Materials and Methods. The values for IP, (A), IP2 
(Cl), and IP, (0) are expressed as percentages of the control at each time point. The dpms in the 
control (0 time) were 680 + 20 for IP,, 160 2 10 for IP,, and 230 f 20 for IP3; the control values at 
each time point did not vary significantly. (B) Concentration dependency of IP3: the cells were 
stimulated for 30 set with the indicated concentrations of PGEr, and IP3 was determined by measurement 
of radioactivity. The values are expressed as percentages of the control. The dpm for [3H]IP3 in the 
control was 250 + 60. The results shown are the means for three independent experiments, which varied 

by less than 5%. 
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Fig. 4. Effects of PGE, and ligands specific for PGE receptor subtypes on [Ca2’li. The extracellular 
Ca*+ concentration was adjusted to 2mM (A, C, D and E); the extracellular ethylene glycol-his@ 
aminoethyl ether)-N,N,N’,N’-tetraacetic acid (EGTA) concentration was adjusted to 0.3 mM without 
the addition of CaC12 (B). Fura-2-loaded cells (1 x lo6 cells) were stimulated with 1 PM PGE2 (A and 
B), M&B 28767 (C), or butaprost (D). After the cells had been preincubated for 1 min at 37” with 
1pM SC-19220, they were stimulated with 1pM PGE, (E). The agents were added at the times 
indicated by the arrows. The recordings shown are representative of three independent experiments 

that yielded similar results. 

Both Gi and G, have been shown to reconstitute selected in tissues or cells. Direct activation of Gi 
stimulation of phospholipase C by fMet-Leu-Phe in by compound 48180 or mastoparan has been shown 
membranes prepared from IT-treated differentiated to stimulate phosphoinositide metabolism and Ca2+ 
HL-60 cells [28]. It is, therefore, clear that Gi can mobilization in mast cells [29,30], indicating that 
activate phospholipase C as well as inhibit adenylate the effector transduced by Gi is phospholipase C in 
cyclase, but an effector coupled with Gi would be mast cells. Thus, the EPs receptor exerts the 
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Table 1. Effect of PT treatment on PGEs-induced [ ‘H]IPs 
formation and the increase in [Ca2+li 

Treatment 
SHP3 

(% of control) 
A(Ca2’]i 

(nM) 

None 222 f 12 127 ” 4.2 
PI 127 + 20* ND? 

Cells were treated with or without 50 ng/mL PT for 6 hr. 
The cells labeled with [‘H]inositol or fura-2-loaded cells 
were stimulated with 1 PM PGE2. [3H]IP3 at 30 set after 
the stimulation was determined as described under 
Materials and Methods. The values shown represent 
percentages of the control. The control value for [3H]IP, 
was 227 z 22 dpm. The peak [Ca2+li level induced by PGE2 
was determined as described under Materials and Methods. 
Values are the means f SEM for three independent 
experiments. 

* Significant difference between PI treatment and no 
treatment, P < 0.01. 

t ND, not detected. 

Table 2. Effect of PGE*, M&B 28767 or butaprost on 
histamine release from BNu-2~13 cells 

Histamine release (% of 
total) 

Addition Untreated PI-treated 

None 2.2 + 0.070 3.23 f 0.20 
PGEs 2.72 t 0.24 3.41 + 0.050 
Ionomycin 2.74 of: 0.070 3.92 -c 0.16 
PGEl + ionomycin 7.27 r. 0.17 3.91 * 0.10 
M&B 28767 2.85 + 0.11 3.02 + 0.34 
M&B 28767 + ionomycin 7.93 t 0.36 2.15 + 0.28 
Butaprost 2.47 t: 0.11 
Butaprost + ionomycin 3.32 z!z 0.30 

Cells were treated with or without 50 ng/mL PT for 6 hr. 
The cells (8 X lo6 cells/assav) were then incubated for 
5 min at 3? with the vehicle; 1 @ PGEs, 1 PM M&B 
28767,l PM butaprost, 0.1 PM ionomycin, or the indicated 
combination. Histamine release was determined as 
described under Materials and Methods. The values are 
expressed as percentages of the total cellular histamine 
(14.0pg/8 X lo6 cells), and are the means 2 SEM for 
triplicate experiments. 

inhibition of adenylate cyclase via Gi in adipocytes 
and cortical collecting tubule cells but, in contrast, 
it exerts the activation of phospholipase C via Gi in 
BNu-2~13 cells. 

The main function of mast cells is histamine 
secretion [ 111. Stimulators of histamine release from 
mast cells, such as IgE, thrombin and Net-Leu- 
Phe, stimulate phosphoinositide meta~~sm and 
induce sustained uptake of extracellular Ca2* 
[31,32]. Histamine release is highly dependent on 
sustained extracellular Ca2+ mobilization although 
an additional synergistic signal is clearly necessary 
[33]. Protein kinase C has been proposed to play a 
role in exocytosis 1341. Low concentrations of Ca2+ 

ionophores can induce substantial increases in 
[Ca2’]i without stimulating histamine release, 
but when they are added together with 12-O- 
tetrade~noylphor~l-13-acetate (TPA), secretion 
occurs [35], indicating that activation of protein 
kinase C resulting from phosphoinositide metabolism 
promotes a synergistic signal with Ca2+ for the 
secretion. A potent stimulator of histamine release, 
IgE or thrombin, can provide the necessary signals 
for the stimulator-y events, sustained extracellular 
Ca2+ mobilization and activation of protein kinase 
C [36,37]. In contrast, although PGE2 stimulated 
phosphoinositide metabolism and induced a transient 
increase in [CY+]i, PGEz by itself failed to evoke 
histamine release from BNu-2~13 cells (Table 2). 
The lack of ability of PGEz to induce histamine 
release may be due to the lack of sustained Ca2+ 
uptake (Fig. 4). However, PGEs could stimulate the 
release in the presence of ionomy~n in a PT-sensitive 
manner, suggesting that the release is synergistically 
evoked by the ionophore-induced Ca2+ mobilization 
and the activation of protein kinase C resulting from 
PGE,-stimulated phosphoinositide metabolism. 
Activation of adenosine receptors also provides 
synergistic signals for histamine secretion in antigen- 
stimulated RBt2H3 cells through stimulation of 
inositol phospholipid hydrolysis [38]. Considering 
these results, the EPs receptor may exert a 
stimulatory effect on antigen-induced histamine 
release from mast cells. 

IL-3 induces the preferential growth and dif- 
ferentiation of hematopoietic progenitor cells in 
bone marrow to mast cells, which resemble mucosal 
mast cells [lo]. Recently, a new mast cell growth 
factor has been proposed to be involved in the 
differentiation of the progenitor cells to connective 
tissue mast cells 139,401, but the developmental 
relationship of these types of mast cells remains 
unknot. Connective tissue mast cells appear to 
express the EP2 receptor, which suppresses histamine 
secretion from the cells by elevating the intracellular 
CAMP level [13,14]. In contrast, BNu-2~13 mast 
cells express the EPs receptor, which is coupled 
to phosphoinositide metabolism, suggesting that 
mucosal mast cells express the EPs receptor. Thus, 
expression of the two PGE receptor subtypes, EP2 
and EP3, may be di~erentially regulated during the 
development of mast cells, and each receptor type 
modulates the function of mast cells at different 
developmental stages; the EP, receptor suppresses 
histamine release from connective mast cells, and 
the EPs receptor promotes it from mucosal mast 
cells. 

Acknowiedgernents-We would like to thank Messrs. S. 
Nakagawa and M. Ohgo for the technical suggestions 
regarding the cell culture and histamine release assay. This 
work was supported in part by a Grant-in-Aid for Scientific 
Research from the Ministrv of Education. Science and 
Culture of Japan (03671048); and by grants from the Naito 
Foundation and the CIBA-GEIGY Foundation for the 
Promotion of Science. 

REFERENCES 

1. Samuelsson B, Goldyne M, Granstrom E, Hamberg 



868 N. NISHIGAKI et al. 

M, HammarstrGm S and Malmsten C, Prostaglandins 
and thromboxanes. Annu Reo Biochem 47: 997-1029, 
1978. 

2. Moncada S, Flower RJ and Vane JR, Prostaglandins, 
prostacylin, thromboxane A*, and leukotrienes. In: 20. Negishi M, Hashimoto H, Yatsunami K, Kurozumi S 
The Pharmacoloaical Basis of Therapeutics (Eds. 
Gilman AG, Goldman LS, R&l TW and Mural F), 

and Ichikawa A, TEI-9063, a stable and highly specific 
prostacyclin analogue for the prostacyclin receptor in 

7th Edn, pp. 660-673. Macmillan, New York, 1985. mastocytoma P-815 cells. Prostaglandins 42: 225-237, 
3. Coleman Iw. Kennedv I, Humphrey PPA, Bunce K 1991. 

and Lumley P, Pro&noids and their receptors. In: 
Comorehensive Medicinal Chemistrv (Eds. Hansch C, 
SamAes PG, Taylor JB and Emmett jC), Vol. 3, pp. 
643-714. Pergamon Press, Oxford, 1989. 

4. Halushka PV, Mais DE, Mayeux PR and Morinelli 
TA, Thomboxane, prostaglandin and leukotriene 
receptors. Annu Rev Phawnacol Toxic01 10: 213-239, 
1989. 

5. Chen MCY, Amirian DA, Toomey M, Sanders MJ 
and Sol1 AH, Prostanoid inhibition of canine parietal 
cells: Mediation by the inhibitory guanine triphosphate- 
binding protein of adenylate cyclase. Gastroenterology 
94: 1121-1129, 1988. 

6. Ohia SE and Jumblatt JE, Preiunctional inhibitory 
effects of prostanoidson sympatheiicneurotransmission 
in the rabbit iris-ciliarv bodv. J Pharmacol Exp Ther 
255: 11-16, 1990. - - 

7. Richelson B and Beck-Nielsen H, Decrease of 
prostaglandin E2 receptor binding is accompanied by 
reduced antilipolytic effects of prostaglandin E2 in 
isolated rat adipocytes. J Lipid Res 26: 127-134, 1984. 

8. Garcia-Perez A and Smith WL, Apical-basolateral 
membrane asymmetry in canine cortical collecting 
tubule cells. J Clin invest 74: 63-74, 1984. 

9. Sonnenburg WK and Smith WL, Regulation of cyclic 
AMP metabolism in rabbit cortical collecting tubule 
cells by prostaglandins. J Biol Chem 263: 6155-6160, 
1988. 

10. Stevens RL and Austen KF, Recent advances in the 
cellular and molecular biology of mast cells. Immunol 
Today 10: 381-386, 1989. 

11. Ishizaka T, Conrad DH, Schulman ES, Sterk AR, Ko 
CGL and Ishiiaka K, IgE-mediated triggering signals 
for mediator release from mast cells and basophils. 
Fed Proc 43: 2840-2845, 1984. 

12. Foreman JC, Spontaneous histamine secretion from 
mast cells in the presence of strontium. J Physiol 
(Land) 271: 215-232, 1977. 

13. Kaliner M and Austen F, Cyclic AMP, ATP, and 
reversed anaphylactic histamine release from rat mast 
cells. J lmmunol 112: 664-674. 1974. 

14. Theoharides TC, Kops SK, Bandy PK and Askenase 
PW, Differential release of serotonin without com- 
parable histamine under diverse conditions in the rat 
mast cell. Biochem Pharmacol34: 1389-1398, 1985. 

15. Sugimoto Y, Namba T, Honda A, Hayashi Y, Negishi 
M, Ichikawa A and Narumiya S, Cloning and expression 
of a cDNA for mouse prostaglandin E receptor EPj 
subtype. J Biol Chem 267: 6463-6466, 1992. 

16. Hashimoto H, Negishi M and Ichikawa A, Identification 
of a prostacvclin receptor coupled to the adenylate 
cyclak system via a stimulatoj GTP-binding protein 
in mouse mastocytoma P-815 cells. Prostaglandins 40: 
491-505, 1990. 

17. Yokohama H, Tanaka T, Ito S, Negishi M, Hayashi H 
and Havaishi 0. Prostaelandin E receptor enhancement 
of catecholamine reTease may Ge mediated by 
phosphoinositide metabolism in bovine adrenal chro- 
maffin ceils. J Biol Chem 263: 1119-1122, 1988. 

18. Berridge MJ, Dawson RMC, Downes CO, Heslop JP 
and Irvine RF, Changes in the levels of inositol 
phosphates after agonist-dependent hydrolysis of 
membrane phosphoinositides. Biochem J212: 473-482, 
1983. 

19. Grynkiewicz G, Poenie M and Tsien RY, A new 
generation of Ca 2+ indicators with greatly improved 
fluorescence properties. J Biol Chem 260: 3440-3450, 
1985. 

21. Shore PA, Burkhalter A and Cohn VH Jr, A method 
for the fluoreometric assay of histamine in tissues. J 
Pharmacol Exp Ther 127: 182-186, 1959. 

22. Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, 
Protein measurement with the Folin phenol reagent. J 
Biol Chem 193: 26S275, 1951. 

23. Negishi M, Sugimoto Y, Hayashi Y, Namba T, Honda 
A, Watabe A, Narumiya S and Ichikawa A, Functional 
interaction of prostaglandin E receptor EP, subtype 
with guanine nucleotide-binding proteins, showing low- 
affinity ligand binding. Biochim Biophys Acta 1175: 
343-350, 1993. 

24. Lu Z, Pifieyro MA, Kirkland JL, Li Z-H and Gregerman 
RI, Prostaglandin-sensitive adenylyl cyclase of cultured 
preadipocytes and mature adipocytes of the rat: 
Probable role of Gi in determination of stimulatory or 
inhibitory action. j Cell Physiol 136: 1-12, 1988. 

25. Brandt SJ. Douehertv RW. Laoetina EG and Niedel 
JE, Pertussis toxin’ inhidits ‘chemotactic peptide- 
stimulated generation of inositol phosphates and 
lysosomal enzyme secretion in human leukemic (HL- 
60) cells. Proc Nat1 Acad Sci USA 82: 3277-3280.1985. 

26. Bruns C and Marmt D, Pertussis toxin inhibits the 
angiotensin II and serotonin-induced rise of free 
cytoplasmic calcium in cultured smooth muscle cells 
from rat aorta. FEBS Lett 212: 40-44, 1987. 

27. Shimizu T, Honda Z, Nakamura M, Bito H and Izumi 
T, Platelet-activating factor receptor and signal 
transduction. Biochem Pharmacol44: lOOl-1008,1992. 

28. Kikuchi A, Kozawa 0, Kaibuchi K, Katada T, Ui M 
and Takai Y, Direct evidence for involvement of a 
guanine nucleotide-binding protein in chemotactic 
peptide-stimulated formation of inositol bisphosphate 
and trisphosphate in differentiated human leukemic 
(HL-60) cells. J Biol Chem 261: 11558-11562, 1986. 

29. Nakamura T and Ui M, Simultaneous inhibitions of 
inositol phospholipid breakdown, arachidonic acid 
release, and histamine secretion in mast cells by islet- 
activating protein, pertussis toxin. J Biol Chem 260: 
3584-3593, 1985. 

30. Higashiiima T, Uzu S, Nakaiima T and Ross EM, 

31. 

32. 

33. 

34. 

35. 

36. 

M&top&an, a peptide toxin from wasp venom, mimics 
receptors by activating GTP-binding regulatory proteins 
(G proteins). J Biol Chem 263: 6491494, 1988. 
White JR, Ishizaka T, Ishizaka K and Sha’afi RI, Direct 
demonstration of increased intracellular concentration 
of free calcium as measured by quin-2 in stimul’ated 
rat peritoneal mast cell. Proc Nat1 Acad Sci USA 81: 
3978-3982, 1984. 
Pearce FL, Non-IgE-mediated mast cell stimulation. 
In: IgE, Mast Cells and Allergic Response (Eds. 
Chadwick D, Evered D and Whelan J), pp. 74-92. 
John Wiley, Chichester, UK, 1989. 
Ali H, Collado-Escobar DM and Beaven MA, The rise 
in concentration of free Ca2+ and of pH provides 
sequential, synergistic signals for secretion in -antigen- 
stimulated rat basonhilic leukemia (RBL-2H3) cells. I 
Immunoll43: 2628-2633, 1989. . 
Nishizuka Y, Studies and perspectives of protein kinase 
C. Science 233: 305-312, 1986. 
Chakravarty N, Kjeldsen B, Hansen M and Nielsen 
EH, The involvement of protein kinase C in exocytosis 
in mast cells. Exp Cell Res 186: 245-249, 1990. 
White JR, Pluznik DH, Ishizaka K and Ishizaka T, 



Prostaglandin E receptor on mast cells 869 

Antigen-induced increase in protein kinase C activity stimulated RBL-2H3 cells. I Biol Chem 265: 745-753, 
in plasma membrane of mast cells. Proc Nat1 Acad Sci 1990. 
USA 82: 8193-8197, 1985. 39. Flanagan JG and Leder P, The kit ligand: A cell surface 

37. Nakagawa S, Negishi M and Ichikawa A, Requirement molecule altered in steel mutant tibroblasts. Cell 63: 
of extracellular calcium for thrombin-induced histamine 185-194, 1990. 
release from RBL-2H3 cells. Life Sci Ado Biochem 11: 40. Nocka K, Buck J, Levi E and Besmer P, Candidate 
183-188, 1992. ligand for the c-kit transmembrane kinase receptor: 

38. Ah H, Cunha-Melo JR, Saul WP and Beaven MA, KL, a fibroblast derived growth factor stimulates mast 
Activation of phospholipase C via adenosine receptors cells and erythroid progenitors. EMBOJ9: 3287-3294, 
provides synergistic signals for secretion in antigen- 1990. 

BP 46:5-G 


