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Abstract-Addition of prostaglandin El (PGE,) to intact mouse mastocytoma P-815 cells stimulated 
adenosine 3’, 5’-monophosphate (CAMP) accumulation and retarded cellular growth. To study the 
effects of prostaglandin (PC) binding on CAMP accumulation, specific [‘H]PG binding to intact mas- 
tocytoma cells was examined. Intact mastocytoma cells have two types of binding sites for PGE, with 
high (& = 2.14 X lo-’ M) and low (& = 1.05 x lo-’ M) affinities and one type of binding site for 
PGF2,. Mastocytoma cells, however, did not have a binding site for PG& or PGD2. The order of 
potencies of nonradioactive prostaglandins in competing with [3H]PGEI for binding sites was as follows: 
PGE, 2 PGEz >> PGF2, 3 PGAl 2 PGDz 2 PG12. In contrast, the relative potencies of the 
prostaglandins in enhancing CAMP accumulation were PGI2 3 PGE, 2 PGEz >> PGA, 3 PGFza = 
PGD2, indicating that the receptors for E type and I type of PGs were different. Refractoriness of 
mastocytoma cells to PGEl stimulation of CAMP accumulation developed within 1 min of incubation 
of the cells at 37”, but disappeared immediately after decreasing the temperature to below 23”. A change 
in the number of PGEl receptors was not observed. CAMP concentrations were quickly restored by 
increasing temperatures from below 23” to 37”. This refractoriness did not develop in the presence of 
phosphodiesterase inhibitors. Furthermore, the activity of phosphodiesterase in mastocytoma cells was 
knhahced within 2 min by PGEl treatment: 

Various effects of prostaglandins (PGs) on the regu- 
lation of growth, morphology, and functional dif- 
ferentiation of several cell lines in culture appear to 
be mediated through the cellular concentrations of 
adenosine 3’,5’-monophosphate (CAMP). To eluci- 
date the biochemical mechanism of these effects, a 
number of investigators have examined the binding 
affinity of PGs to the receptor either in disrupted 
cell preparations of various tissues [l-8] or in intact 
cells [9]. Recent studies from this laboratory [lO,ll] 
and work by Davis and Ralph [12] have shown that 
mastocytoma P-815 cells respond to N6, 0”-dibutyryl 
CAMP (Btl CAMP) and other compounds that ele- 
vate endogenous CAMP concentrations with a reduc- 
tion in cellular growth rate and an increase in the 
synthesis of histamine and acidic glycosaminogly- 
cans. The present study further examines some 
properties of the PG receptor and the interactions 
between PG binding and CAMP concentrations in 
intact mastocytoma P-815 cells. A preliminary report 
of this work has appeared [13]. 

EXPERIMENTAL PROCEDURES 

Cells and cell culture. Mastocytoma P-815 cells 
[14] were supplied by Dr. M. Potter, National Cancer 
Institute, NIH, Bethesda, MD, U.S.A., and main- 
tained either in ascitic form in DBFl 
[(BALB/c x DBA/2)F1] hybrid mice [15] or in sus- 
pension culture in Fischer-Sartorelli’s medium sup- 
plemented with 5% calf serum (standard medium) 
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[ll] as described previously. The cell culture tech- 
nique in 125-ml Erlenmeyer flasks in an atmosphere 
of 5% CO* and 95% air at 37” and the viability test 
were performed as described previously [ 11,151. 

Binding assays. Suspensions of mastocytoma 
P-815 cells (2-4 x lo6 cells) in 75 ~1 of phosphate- 
buffered saline (PBS) (pH 7.4) as described by Dul- 
becco and Vogt [16] were preincubated at 37” for 
10 min. Incubations were started by the addition of 
25 ~1 of 1 nM [3H]PGE1 and were carried out for 
60 min at 37”, except as noted; they were terminated 
by the addition of 2.5 ml of cold saline, and the 
samples were filtered by suction using HAWP 
0.45 pm Millipore filters. The filters were then rinsed 
twice with 5 ml of cold saline, dried, and counted 
in a mixture of 2 ml of ethylene monomethyl ether 
and 8 ml of 0.5% 2,5-diphenyloxazole (PPO) in tolu- 
ene. Nonspecific binding was defined as that binding 
which was not competed for by 2 PM PGE1. The 
total radioligand binding minus nonspecific binding 
was interpreted as specific binding. Binding studies 
with [3H]PGAl, [3H]PGFZ, and [3H]PGD2, each at 
a concentration of 1 nM, were conducted in a similar 
manner. 

Measurement of CAMP. Suspensions of cells 
(2 X 106) in 0.45 ml of Fischer-Sartorelli’s medium 
were preincubated at 37” for 20 min in the presence 
or absence of 3-isobutyl-1-methylxanthine (MIX). 
After the addition of PGs or other drugs to be tested, 
the mixture in a final volume of 0.5 ml was further 
incubated at 37” for 10 min, unless otherwise stated. 
The reaction was terminated by the addition of 
0.5 ml of cold 10% trichloroacetic acid, freeze- 
thawed once, and centrifuged at 500 g for 10 min. 

132.5 
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Table 1. Effect of PGE, on growth and CAMP content in mastocytoma P-815 cells* 

Cell growth CAMP 

Addition 0 hr 14 hr 23 hr 0 hr 14 hr 23 hr 

(X lo5 cells) (pmoles/lO” cells) 

None (control) 1.8 3.8 4.8 1.0 1.0 1.0 
PGE, 3.1 4.3 7.6 10.8 
PGEl + MIX 2.4 2.6 840 1300 

* Mastocytoma P-815 cells (1.8 X 10’ cells/ml, 30 ml) were incubated in the standard medium with 
or without 0.055 GM PGEi and 0.2 mM MIX for 14 and 24 hr at 37”. 

Aliquots (0.5 ml) of the supernatant fraction were 
mixed with 0.5 ml of water, acidified with 0.1 ml of 
1 N HCI, and then extracted five times with 2 vol. 
of water-saturated ether. Aqueous layers were 
Iyophilized, and the residues were dissolved in 0.2 ml 
of 50 mM sodium acetate buffer (pH 6.2). CAMP in 
50 ~1 aliquots was measured by radioimmunoassay 
methods of Okabayashi et al. [17]. 

Assay of CAMP phosphodiester~e activity. Mas- 
tocytoma P-815 cells were sonicated for 10 set 
(Ultrasonicator, model 20, Ohtake Seisaku-sho, 
Tokyo, Japan), and the clear supernatant fraction, 
obtained by centrifugation at 10,000 g for 15 min, 
was used as the enzyme source. Phosphodiesterase 
activity was assayed by the method of Thompson 
and Appleman 1181. The assay mixture (0.4 ml), 
containing 0.4 N j3H]cAMP (30 ~Ci/~mole), 
5 mM MgC12,40 mM Tris-HCl buffer (pH 8.0) and 
the enzyme, was incubated at 37” for 10 min. 

Chemicals and reagents. PGE,, PGEz, PGA1, PGI2 
and PGFza were gifts from the Ono Pharmaceutical 
Co., Osaka, Japan, and PGDz was supplied by Dr. 
T. Shimizu, Department of Medical Chemistry, Fac- 
ulty of Medicine, Kyoto University, Kyoto, Japan. 
Prostaglandins, except PGI2, were dissolved 
(5 mg/ml) in dimethylsulfoxide (DMSO) and diluted 
with PBS prior to use. A final concentration of 
DMSO was kept to less than 0.04% (v/v). PGI2 was 
dissolved (1 mg/ml) in ethanol and diluted with 
0.01 M glycine buffer (pH 10.0) prior to use. MIX 
was obtained from the Sigma Chemical Co., St. 
Louis, MO, U.S.A. and [5,6-3H(N)]PGE1 
(74.8 Ci/mmole), [5,6-“H(N)]PGAl (87 Ci/mmole), 
[5,6,8,9,11,12,14,15-3H(N)]PGF2, (120 Ci/mmole), 
[5,6,8,9,12,14,15-3H(N)JPGDZ (100 Ciimmole), and 
[ring-2-‘4C]L-histidine (50 mCi/mmole) from 
Amersham-Searle, Amersham, England. Rabbit 
antiserum for 2’-succinyl CAMP conjugated with 
human serum albumin was supplied by Dr. T. Oka- 
bayashi, Shionogi Research Laboratory, Shionogi 
Pharmaceutical Co., Osaka, Japan. Other chemicals 
of reagent grade were obtained commercially. 

RESULTS 

E#ects of prostaglandins on growth and CAMP 
content of mastocytoma P-815 cells. As shown in 
Table 1, the relatively weak inhibitory effect of PGEl 
on the growth of mastocytoma P-815 cells was sig- 
nificantly potentiated in the presence of MIX. This 
effect was accompanied by a marked increase in the 

cellular content of CAMP from concentrations of less 
than 1 pmole/106 cells to 840 and 1300 pmole/106 
cells in 14- and 23-hr incubations, corresponding to 
60 pmoles of CAMP fo~ed.(I~cells)-‘.hr-’ (Table 

I). 
Time course of CAMP accumulation induced by 

PGE,. In the presence of 5.5 .uM PGEI, the intra- 
cellular concentration of CAMP increased rapidly to 
a maximum at 30 set (inset in Fig. IA) and declined 
sharply thereafter (Fig. 1A). Concentrations of 

PGEl( 5.5vM) alone 
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Fig. 1. Time course of intra- and extra cellular cyclic AMP 
accumulation in mastocytoma cells after the addition of 
PGEl in the absence (A) or presence (B) of MIX. Mas- 
tocytoma cells (2 x la6 cells) were preincubated at 37” for 
30 min in Fischer-Sartorelli’s medium in the absence or 
presence of 0.2 mM MIX. Then 5.5 yM PGEl was added 
and the cells were incubated for up to 60 min. The intra- 
(a) and extracellular (0) CAMP contents were estimated 
as described under Experimental Procedures. Each value 

is the mean of duplicate determinations. 



CAMP concentration by a 39-fold increase over the 

r 12 PGEi control. The presence of 20 mM theophylline 
caused a 22-fold increase in CAMP concentration in 
response to PGEi. In contrast, papaverine was much 
less effective. The decrease in potentiation of the 
PGEi effect on CAMP concentrations caused by 
pre-exposing the cells to higher doses of MIX (over 
2 mM) and theophylline (over 20 mM) was reversed 
by reducing, respectively, the concentrations of these 
drugs to below 2 mM and 20 mM by the addition of 
the medium. 

E2 Time course of [3H]PGE1 binding. At 37” the 
specific binding of [3H]PGEi to mastocytoma P-815 
cells linearly increased during the first 20 min and 
reached equilibrium after approximately 45 min, 

AI with a half-maximum time of about 12 min, while 
the nonspecific binding reached equilibrium within 
1 min (Fig. 4). 
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with Kd = 1.05 x lOAs M had a binding capacity of 

Ki3 
~jllfmoles/106 cells corresponding to 18,600 sites per 

Similar analyses of [3H]PGF2,, [3H]PGDz and 
[3H]PGAi binding studies showed that mastocytoma 
cells had one specific binding site for PGFs, with Kd 
= 1.1 x lo-“M, but no site for PGAi and PGD2. 

Specificity of [3H]PGE~ binding. With the excep- 
tion of PGI2, the relative potencies of several prosta- 
glandins in displacing [3H]PGEi from mastocytoma 

cykc AMP accumulatibn. Mastocytoma cells (2 x lo6 
cells) were oreincubated at 37” for 30 min in Fischer-Sar- 
torelh’s medium containing 0.2 mM MIX. Then PGEr 
(0), PGEz (O), PGAl (A), PGF,, (V), PGD2 (4 and 
PGIr (0) at various concentrations were added and the 
cells were incubated for another 10 min. Each value is the 

mean of duplicate determinations. 

CAMP in cells pretreated with PGEi were not further 
increased with a second dose of PGEi, even when 
the cells were washed with fresh medium at 37” to 
remove the first dose of PGEi (data not shown). The 
intracellular CAMP content reached a higher level 
and declined more slowly in the presence of 0.2 mM 
MIX than in its absence (Fig. 1B). Concomitantly, 
release of CAMP into the medium steadily increased 
and, after 60 min of incubation, the level of extra- 
cellular CAMP exceeded that of the the intracellular 
CAMP. 

Structure-function relationship. Among several 
prostaglandin analogues tested, PGI:, and the PGE 
group were most potent in elevating CAMP concen- 
trations in mastocytoma P-815 cells (Fig. 2). Intro- 
duction of a CS_S double bond into the PGEi molecule 
(PGEz) slightly reduced the maximum effect. 
Removal of the hydroxyl group at Cii (PGAi) mark- 
edly decreased the potency. Furthermore, Cg, Cii- 
dihydroxy- (PGF2,) and 9-hydroxy-Cii-keto ana- 
logues (PGD2) were completely inactive in the con- 
centration range from 10e9 M to 10e5 M. The order 
of potencies of PGs in elevating CAMP concentration 
was as follows: PGI2, > PGEi 3 PGE2 > PGAi 3 
PGDz = PGFz,. 

Effect of phosphodiesterase inhibitors on CAMP 
concentrations. As shown in Fig. 3,2 mM MIX maxi- 
mallv notentiated the effect of PGEl to elevate . 1 
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A Scatchard analysis [19] of total PGEi binding 
yielded evidence for the existence of at least two 
independent binding sites (Fig. 5). A high affinity 
site with Kd = 2.14 X 10e9 M was calculated to have 
a binding capacity of 12 fmoles/106 cells, correspond- 
ing to 7210 binding sites per cell. A low affinity site 

300 - 

0 0.01 1.0 100 
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Fig. 3. Effects of several inhibitors of phosphodiesterase 
on the action of PGEr on cyclic AMP level. Mastocytoma 
cells (2 x 106 cells) were preincubated at 37” for 30 min in 
the presence of MIX (0) or theophylline (0) or papaverine 
(0) at various concentrations. Then the cells were treated 
with 5.5 @l PGEr for 10 min. Each value is the mean of 

duplicate determinations. 



1328 K. YATSUNAMI, A. ICHXAWA and K. TOMITA 

specific binding 

nonspecific binding 

Incubation Time (min) 

Fig. 4. Time course of [3H]PGEr binding. Mastocytoma 
cells (4 x lo6 cells) were incubated at 37” for various inter- 
vals of time with PBS containing 1 nM [3H]PGEt in the 
absence (0) or presence (0) of 2 PM unlabeled PGE,. 
J3H]PGE1 bound to the cells was estimated as described 
under Exper;mental Procedures. The Millipore background 
values were subtracted. Each value is the mean of triplicate 

determinations. 

P-815 cells were similar to the order of potencies for 
elevating cAMP concentrations: PGEl 2 PGE? 
>> PGFz, 3 PGA, * PGD2 Z= PGIz (Fig. 6). Both 
PGEi and PGE2 completely inhibited [3H]PGEi 
binding at 1 x low7 M. At this concentration, PGF;, 
inhibited 40 per cent of [3H]PGEi binding, while 
PGAi, PGD2 and PGL suppressed less than 10 per 
cent. 

Time course of d~placement of bound [3H]PGE1 
by PGE,. After the incubation of masto~ytoma P- 
815 cells with [3H]PGE~ (1 nM) for 10, 40 and 
120 min at 37”, a large excess of PGE, was added 
and the incubation was continued as shown in Fig. 
7A. The semilog plots of the remaining counts versus 

I 
0 10 20 

bound PGE~(fmolllO%ells) 
30 

Fig. 5. Scatchard plot of [3H]PGEr binding. Masto- 
cytoma cells (4 x lo6 cells) were incubated at 37” for 
20 min with PBS containing 1 nM [3H]PGE~ and O-80 nM 
unlabeled PGEl. Each value is the mean of triplicate 

determinations. 

Unlabeled Prostaglandins ( M ) 

Fig. 6. Specificity of 13H]PGE1 binding. Mastocytoma cells 
(4 x lo6 ceils) were incubated at 37” for 20 min with PBS 
containing 1 nM [‘HJPGEr and various amounts of unla- 
beled prostaglandins: PGEt (0), PGEz (O), PGFza (V), 
PGAr (A), PGDz (x), and PGIz (8). The results are 
expressed as a percentage of total radioactivity [920 cpm.106 
cells-‘.hr = 100 per cent] bound in the absence of any 
competing compound. Each value is the mean of duplicate 

time indicated the presence of at least two kinetic 
components (rapid and slow) of dissociation, The 
size of the rapidly dissociating component with a 
half-time of appro~mately 3 min seemed to be 
inversely proportional to the time of preincubation, 
varying in the range from 70 per cent (10 min) to 40 
per cent (120 min) of the original binding. A slowly 
dissociating component with a half time of about 
70 min increased with the time of preincubation, 
reaching 60 per cent of the initial value after 2 hr of 
incubation. The association at 0” was insigni~cant, 
compared with that at 37” (data not shown). Fur- 
thermore, the dissociation rate of a slowly disso- 
ciating component, but not of a rapidly dissociating 
component, increased with the incubation temper- 
ature (Fig. 78). 

Eflect of temperature on [3H]PGE1 binding and 
CAMP co~ce~trat~o~. The initial rate of pH]PGEr 
binding increased progressively with increasing tem- 
perature, 15” to 37”, but the maximum extent of the 
binding was apparently similar, although the time 
required to reach the maximum level was different 
(Fig. BA). 

The celiular accumulation of CAMP was also 
temperature-dependent. At 15”, CAMP concentra- 
tions increased progressively for 60 min. At higher 
temperatures, the rapid initial accumulation of cel- 
lular CAMP was followed by a slow (at 23”), fast (at 
30”) and sharp decline (at 37”) (Fig. 8B). 

Effect of changes in temperature on 13H]PGE1 
binding and CAMP. As shown in Fig. 9, when the 
incubation temperature was reduced from 37” to 0” 
at any given time after the exposure of cells to PGEr 
in the absence of MIX, the total (intracellular plus 
extracellular) CAMP concentrations sharply declined 
toward the basal level. CAMP concentrations in con- 
trol cells incubated in the absence of PGEl also 
decreased significantly when the temperature was 
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Incubation lime (min 1 

Fig. 7. (A) Time course of dissociation of bound [‘HIPGEl. Mastocytoma cells (4 x lo6 cells) were 
incubated at 37” for 10 min (0), 40 min (0) or 120 min (0) with PBS containing 1 nM [3H]PGE1. 
Then, 2 PM unlabeled PGEl was added, and the cells were incubated for up to 30 min. (B) Temperature 
dependency of dissociation of bound [3H]PGE~. Mastocytoma cells (4 x 106 cells) were preincubated 
with PBS containing 1 nM [3H]PGE~ for 60 min at 37”. Then after adding 2 PM unlabeled PGE, they 
were incubated for up to 30 min at the indicated temperature: 15” (0), 23” (Cl), 30” (A), and 37” (V). 
Each value is the mean of duplicate determinations. Binding data are expressed as a percentage of the 
original specific binding prior to addition of 2 PM unlabeled PGEI. Each point is a mean of triplicate 

determinations. 

reduced from 37” to 0” (data not shown). When the 
temperature was increased from 0” to 37”, CAMP 
concentrations immediately increased within a min- 
ute to the same extent regardless of the length of 
time after the initial exposure to PGEl (Fig. 9B). In 
a parallel experiment, it was found that CAMP 
accumulation was restored when the temperature 
was shifted from 37” to below 23” and subsequently 
re-elevated. The decline of CAMP concentration as 
the temperature was lowered from 37” to 0” was less 
sharp in the presence of 0.2 mM MIX than in the 
absence of MIX. However, the restoration of CAMP 
concentrations by shifting temperature from 0” to 
37” was still observed. 

In contrast, PGE, binding did not decrease but 
remained constant, after lowering the temperature 
from 37” to O”, and it increased again after raising 
the temperature to 37” (Fig. 9A). 

Effect of MIX on refractoriness. As shown in Fig. 
10, MIX not only potentiated the effect of PGEl to 
increase CAMP concentrations, but it also abolished 
the refractoriness of cells to PGEl to stimulate CAMP 
formation. The addition of 0.2 mM MIX immedi- 
ately re-elevated CAMP concentrations to levels the 
same as were attained by the initial addition of PGEl 
plus MIX regardless of whether MIX was added 10 
or 60 min after the exposure of the cells to PGE1. 

Effect of PGEl on CAMP phosphodiesterase 
activity. As shown in Fig. 11, PGEl rapidly increased 
the activity of CAMP phosphodiesterase in masto- 
cytoma P-815 cells within 2 min of incubation. The 
increase in enzyme activity was maintained for about 
20 min. 

DISCUSSION 

The present data show that mastocytoma P-815 cells 
have at least two specific binding sites for the E type 
of prostaglandins, and that the addition of prosta- 
glandins causes an increase in CAMP formation 
within the cells. Although PGIz was more effective 
than the PGE group in stimulating CAMP formation 
in mastocytoma P-815 cells (Fig. 2), it only slightly 
replaced the bound [3H]PGE~ (Fig. 6), indicating 
that the receptor for the PGE group is different from 
that for PGIz (Fig. 6). PGDz is known to be a major 
cyclooxygenase product and to cause increased 
CAMP formation in normal rat mast cells [20], but 
it was ineffective in increasing CAMP concentrations 
(Fig. 2) and in replacing bound [3H]PGE~ in mas- 
tocytoma P-815 cells (Fig. 6). The difference in the 
responses of mast cells to PGIz and PGD:! might be 
due to the altered surface receptor reaction in neo- 
plastic mast cells. The fact that exogenously added 
PGIz (or PGD2) stimulated increases in cellular 
CAMP concentrations suggests the participation of 
these prostaglandins in the regulation of physio- 
logical functions of mastocytoma cells or mast cells. 
The Kd value for PGF2, (1.1 X lo-’ M) was similar 
to that for the low affinity site of PGEl, and PGFzo 
inhibited 40 per cent of [‘HIPGEl binding (Fig. 6). 
PGFz,, however, did not stimulate CAMP accumu- 
lation at all (Fig. 2), indicating that the binding of 
PGFz= to its specific receptor did not induce activa- 
tion of adenylate cyclase. As shown in cultured 
mouse fibroblasts [21], PGS, receptors may couple 
to guanylate cyclase. Although the existence of two 
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Fig. 8. Temperature dependency of [3H]PGE1 binding and 
PGEl response on CAMP accumulation. (A) Mastocytoma 
cells (4 x I@ cells) were incubated with PBS containing 
1 nM [3H]PGE~ for up to 3 hr at various temperatures. 
Specific (0) and nonspecific bindings (0) of [3H]PGE1 were 
estimated as described under Experimental Procedures. 
(B) Mastocytoma cells (2 x lo6 cells) in 0.5 ml of 
Fischer-Sartorelli’s medium were preincubated for 30 min 
at different temperatures. Then, after adding 5.5 PM PGE1, 
they were incubated for up to 60 min. Intra- (0) and 
extracellular (0) cyclic AMP contents were estimated as 
described under Experimental Procedures. Each value is 

the mean of duplicate determinations. 

such heterogenous binding sites for PGEl (Fig. 5) 
has been reported in various membrane preparations 
from other tissues and cells [3-7,22,23], the physio- 
logical role of these two binding sites has not been 
fully clarified. The apparent Kd value of the high 
affinity binding site (2.14 x 10e9 M in Fig. 5) was 
similar to the concentration of PGEl (5.5 x low9 M 
in Fig. 2) required to activate adenylate cyclase in 
mastocytoma P-815 cells. These data suggest that 
the high affinity binding site may be associated with 
the biological effects of PGE1. One possible expla- 
nation for two sites with different Kdvalues could be 
the localization of the receptors, one being mem- 
branous and the other intracellular, as reported for 
lysosomes of bovine corpora lutea [24]. Therefore, 
the temperature dependency in the dissociation of 
the slowly dissociating component (Fig. 7B) may 
indicate a requirement for energy metabolism in the 
internalization of the prostaglandin receptor. 

There was a striking difference between the time 
course of PGEl binding to the cells and that of CAMP 
accumulation in the absence of MIX. The former 

o--c! 00 

0 

6) CAMP accumulation 

- MIX 

0 
Incubation Timecmin) 

Fig. 9. (A) Effect of temperature shift on [‘HIPGEl bind- 
ing. Mastocytoma cells (4 x lo6 cells) were incubated at 
37” for various intervals of time in PBS containing 1 nM 
[3H]PGE1. In parallel experiments, incubation temperature 
was changed to 0” from 37” (O---O), and then returned 
to 37” (U) at the time points indicated. Each value 
is the mean of triplicate determinations. (B) Effect of 
temperature shift on cyclic AMP accumulation by PGEL. 
Mastocytoma cells (2 x lo6 cells) were preincubated at 37” 
for 30 min in 0.5 ml of Fischer-Sartorelli’s medium in the 
absence (-MIX) or presence (+MIX) of 0.2 mM MIX 
prior to addition of 5.5 PM PGEl for up to 60 min. In 
parallel experiments, incubation temperature was changed 
to 0” from 37” (O---O), and then returned to 37” 

(O---O) at the time points indicated. 

\ 
0 20 40 60 120 

Incubation Time (mm ) 

Fig. 10. Effect of MIX on refractoriness induced by PGE,. 
Mastocytoma cells (2 X lo6 cells) were preincubated at 37” 
for 30 min in the absence (0) or presence (0) of 0.2 mM 
MIX prior to addition of 5.5 PM PGEI. Incubation pro- 
ceeded for an additional 60 min. In parallel experiments, 
after the pretreatment with 5.5 PM PGE, for 10 min or 
60 min, the cells were treated with 0.2 mM MIX and 
incubated another 60 min. Each value is the mean of 

duplicate determinations. 
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Fig. 11. Effect of PGE, on phosphodiesterase activity from 
mastocytoma P-815 cells. Mastocytoma cells (2.5 x IO7 
cells) were incubated with 0.55 PM PGEl at 37” for up to 
120 min. At the indicated time, cells were quickly washed 
with cold PBS, sonicated, and assayed for phosphodiester- 
ase activity by the method described under Experimental 
Procedures. Each value is the mean of duplicate 

Since the refractoriness is often hormone- or 
receptor-specific [45] and is accompanied by a decline 
in the number of functionally active ligand binding 
sites [22,46], the present results cannot exclude the 
possibility that the refractoriness is induced by the 
desensitization of hormone receptors, even though 
the binding of E3HJPGE, was unaffected (Fig. 9A). 
Further studies on the precise manner in which the 
PGE, receptor interacts with adenylate cyclase will 
require the isolation and characterization of PGEl 
receptors. 

determinations. 
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increased gradually with a half-time of approximately 
12 min at 37” (Fig. 4), whereas the latter rapidly 
reached the maximum level within 30 set and 
decreased sharply thereafter. A similar refractori- 
ness or desensitization of CAMP synthesis to various 
stimulators is also known in fat cells 1251, WI-38 
fibroblasts 126,271, macrophages 1281, glioma cells 
[29], astrocytoma cells [30], Walker carcinoma cells 
[31], and skin [32]. 
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