
1. INTRODUCTIOFI 

Endothelin (ET), a 21-amino acid pcptidc isolated 
from cultured endothelial cells, was originally identified 
as a strong vasoconstrictor [l]. Ciene cloning and sc- 
qucncc analysis revealed the presence of 3 isoforms of 
the ET family peptides (ETWl, ET-2and ET-3) in several 
mammalian species [2,3]. Furthermore, substantial 
biochemical and pharmacological studies in vivo and in 
vitro have elucidated chat these ET family pcptides 
possess a variety of effects in various tissues and ccl1 
types [4-61. In particular, ET has been regarded as one 
of the regulatory factors in inflammatory responses oc- 
curring in microvasculature [5,7] and lung [g], because 
of its vasoconstrictive [ I,51 and bronchoconstrictive 
[9, lo] properties. Wowcver, the precise physiological 
and pathophysiological effects of ET in inflammatory 
responses remain to be clarified yet, 

In the present study, we examined the effects of ET 
on mouse activated macrophages, since this cell type is 
known as a source of various chemical mediators in- 
volved in inflammation. First, we identified and 
characterized the specific receptors for ET on t.hese cells 
using a ligand-binding technique with [‘2SI]ET-1 and 
[12SI]ET-3. Next, we studied the effect of ET on in- 
tracellular Ca2 + concentration ([Ca2’ Ji) in these cells. 
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2. MATERIALS AND METHODS 

Pcritoncal niacropltngcs wcrc collcctcrl frnin mnlc C3M/HsN miec, 
injcctcd wirti 2 ml of 3% thioylycolntc broth intrnpcritoncally (i.p.) 4 
days before rhc preparation, by peritoneal lnvngc with Modified 
Eagle’s Medium (MEM) containing 2 U/ml hcpnrin. After several 
washings, the cells were resuspcndctl in RPM1 1640 medium and then 
plated out on culture dishes and incubated for 30 min a~ 37’C in a 
humidified iltlllO~ptlCN! of 5% CO1 and 1)50/, air lo allow adhcrencc. 

Alveolar mncrophagcs were nleo collected from mice by the lung 
lavaye tcshniquc as described by Holt [l I]. The cell suspensions were 
plated onto culture dishes and incubated for 90 min RI 37°C in SC 
CO2 and 95% air to allow adhcrcllcc, 

The binding eiperiments were performed using the adherent cells (2 
x IOr’ cells per 24-mni-diamctcr dish). Cells were incubated with 0.5 
nM [‘2”1]ET-l or [“sI]ET-3 in a total volume of I ml of Hanks’ 
balanced salt solution (pH 7.4) containing O.IoIo bovine serum 
albumin at 24% for 00 min. After (he incubation, thecells were wash- 
ed with icecold 0,90/o NKI 3 times, and then solubilized in I N 
NaOH, The cell-bound radioactivity was measured using a gamma 
counter. Specific binding was determined by subtracting the non- 
specific binding, the amount of [‘2fI]ET-l or [‘*“I]ET-3 bound in the 
prcscnce of 100 nM unlabeled ET-I or ET-3, from the total binding, 

2.3. Measurernenr of irwaceliuiur C$ ’ concenrrurion f/C? ‘1~) 
The adherent cells were harvested by treatment with 2.5 mM 

EGTA/0.9% NaCI for 15 min. Then the suspended cells were in- 
xbated with 5 pM fura- acetoxymethyl ester in RPM1 1640 medium 
at 24°C for 2 h. The fluorescence of signal of fur& of the suspended 
cells (1 x IO6 cells/ml) was monitored while stirring at 37OC with 
CAF-100 Ca’+ analyzer (Japan Spectroscopic Co., Tokyo). The 
Ca2 * concentration was calculated as described elsewhere [12]. 

2.4. it&&rials 
Synthetic ET-l, ET-& ET-3 and big-ET were purchased from the 

Peptide Institute Inc. Osaka, Japan, [‘ZSI]ET-I and [‘251]ET-3 
(respective specific activity 74 TUq/mmol) were obtained from Du 
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panl.Ncw Enyland Nuelrnr. Furn-2 ncc!oxynrsthyl eslcr MS lrom 
t3ajin Chcmicnl, Kumamoto, Japan. 

3. RESULTS 

The specific binding sites for ET in murine peritoneal 
macrophages were examined using [‘z’I]ET-l and 
[lZ51]ET-3 as radioligands, As shown in Fig. 1, the 
specific binding of (‘2’I]ET-l increased in a time- 
dependent manner and equilibrium lcvcls were reached 
at 60 min. The specific binding at 24’C was about 90% 
of the total binding. Studies on the saturation binding 
to peritoneal macrophages revealed that the specific 
binding of [1251]ET-1 exhibited complete saturability 
(Fig. 2A). Scatchard analysis of these data indicated the 
existence of a single class of binding sites (Fig. 2B), with 
an equilibrium dissociation constant (&) of 5 1.3 f 5.8 
pM and a binding capacity (B,,,,) of 4.9 ~~0.3 fmoW2 x 
IO’ cells, equal to approximately 1464& 189 binding 
sites per cell. The binding kinetics of the saturation bin- 
ding of [“‘I]ET-3 was found to be almost the same with 
those of [‘Z51]ET-1 (summarized in Table I), In con- 
trast, the specific bindings of [‘“51]ET-l as well as 
[‘251]ET-3 could not be significantly detected in mouse 
alveolar macrophages (data not shown). 

Next, several ET isopeptides were examined for their 

Table I 

Comparison of Ka and Bm,r values between [‘251]ET-1 and [‘251]ET-3 
by Scatchard analysis 

Ligand & (PM) B,,,,x (sites/cell) 

[‘251]ET-I 51,3f5.8 1464zt 109 
[‘251]ET-3 S9.0112.8 1206k 163 

Data are man f SE OF 3 experiments. 
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I$ 2. (A) 7% rpccilic bindiny ar I’:‘I)ET-I 10 nrurinc pcrltancnl 
rnacrephs~cr. ‘Phc EQIIX wcrc incnbatcd fur 00 fnln 81 24V wllh dil- 
Iwm conccmrwionn nr (“‘I1ET.I in dw prcscwc or nbicnec af IO 
nhi unlnbctcd ET-I. (R) Scarcherd plor of the equilibrium binding 
dala ot’ (A), The thus rqwcscnt Ihc IlWn WIIIC or 3 ncpnrntr cx- 

perimcnls done in dupliwr, 

abilities to compete with the specific binding of 
(‘2’I)ET-l and (‘2’I]ET-3. Three unlabeled isopeptidcs 
inhibited [“51]ET-l and [12’I]ET-3 binding in a 
concentration-dependent manner (Fig. 3). All 3 isopep- 
tides completely blocked both specific bindings at lo-’ 
M, whereas big-ET (proET) slightly inhibited at con- 
centrations higher than 100 nM and other vasoactive 
pcptides such as bradykinin, angiotensin II and 
argininc-vasoprcssin did not compete with the binding 
even at IO -6 M (data not shown). The rank order of in- 
hibitory potencies for the isopcptides against the 
[‘“?]ET-1 and [“‘I]ET-3 bindings was the same (ET-1 
= ET-2 a ET-3). 

The effect of ET on intracellular Ca2+ concentration 
was examined using fura-&loaded macrophages. The 
transient and monophasic increase in &a2 ‘]i was 
observed during stimulation with ET. All 3 ET isopep- 
tides caused an increase in [Ca’+]i with the almost 
similar concentration-dependent manner (Fig. 4). On 
the other hand, big-ET (proET) caused only a slight in- 
crease in [Ca2”]i (25% of the maximum) at concentra- 
tions higher than 100 nM. 

4. BISCUSSION 

In the present study, we provided the first evidence 
for the existence of specific receptors for ET in murine 
thioglycolate-activated peritoneal macrophages. Scat- 
chard analysis revealed the same binding parameters 
between ET-l and ET-3 to their specific binding sites 
(Table I). Furthermore, the displacement data (Fig, 3) 
indicatecl that all 3 ET isopeptides inhibited the specific 
binding of both ligands, and good correlation was 
observed between the rank orders of their inhibitory 
potencies against [‘251JET-1 binding and those against 



[“‘I]ET-3 binding, Recently, the existence of at least 3 
receptor subtypcs with different affinities for the ET 
isopcptides has been reported in a variety of tissues and 
cell types [ 13,141, Our data demonstrate that ET recep- 
tors in mouse peritoneal macrophagcs belong to a less 
selective subtype that commonly recognizes 3 ET 
isopcptidcs with high affinity, This receptor subtype 
has also been detected in brain and kidney [14,15], 
although its physiological function still remains to bc 
elucidated at prescnc. 

The present study also indicates that all 3 ET isopep- 
tides concentration-dependently induced a transient in- 

Agent CM) 

Fig. 4. Dose-dependency of the ET isopeptides in an increase in 
[Ca*+ ]i in murine peritoneal macrophages. Macrophagc suspensions 
(1,O x 10b cells/ml) were stimulated with each ET isopeptidc 
(O.Ol-IO0 nM) at 37”G [Ca”]i was IO8 nM in unstimulated 
macrophages, and maximal [Ca2’]i (256 nM) was observed upon 
stimulation with 100 nM ET-I. The data are expressed as the percen- 
tage of the maximum increase in [C~""]I (148 nM) referred to as 
100%. Each point is the average of results of two independent ex- 

periments performed in duplicate. 

crease in [Ca’*]i in fura-2-loaded macrophages (Fig. 
4). A lower selectivity for ET isopcpcidcs highly eor- 
related with the binding data, demonstrating the ET- 
induced intracellular Ca” mobilization to be elicited 
through specific receptors. In addition, depletion of ex- 
ternal Ca2+ by treatment with 3 mM ECTA reduced 
Ca2 + mobilization co about SO% of the maximum (data 
not shown), suggesting Ca’” mobilization from both 
intracellular as well as excrncellular @a’+ infiux, as 
reported in vascular smooch muuGle cells [16] and 
human mesangial cells [6,19]. 

Another important finding is the absence of the 
specific binding for both [12SI]ET-1 and [*“I]ET-3 in 
murine alveolar macrophages, although the specific 
binding sites were detected in peritoneal macrophages. 
The same results were also obtained in the rat (data not 
shown). Rcctrntly, the existence of tissue-specific 
distribution of ET receptor subtypes has been 
elucidated using ligand-binding as well as 
autoradiographical techniques [S]. Our results also 
demonstrate the tissue-specific expression of ET recep- 
tors in macrophages, which may be tightly associated 
with a diversity of ET’s action. 

Thus, ET may directly act on peritoneal macrophages 
through its specific receptors to modulate intracellular 
Ca2 f concentration. Recently, some pharmacological 
studies demonstrated that ET was induced by thrombin 
and the transforming growth factor (TGF-B), which are 
known to be produced in injured tissues 1141, and that 
ET caused thromboxane A2 release from isolated 
guinea-pig trachea and parenchyma [18]. Since the ac- 
tivated macrophapes are known to contribute to tissue 
injury and produce a variety of chemical mediators in- 
volved in inflammatory responses 1191, ET might 
modulate the inflammatory responses by affecting on 
the macrophages. We are now conducting further 
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