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Abstract

We investigated the Ca2q signaling pathways of the response to angiotensin II in pleural mesothelial cells and the role of these Ca2q

signaling pathways in mesothelial cell proliferation. Rat pleural mesothelial cells were maintained in vitro, and the Ca2q movement to
angiotensin II was evaluated using the fluorescent Ca2q indicator fura 2. Furthermore, proliferation of mesothelial cells was assessed

Ž . Ž . Žusing a spectrophotometric 3- 4,5-dimethylthazol-2-yl -2,5-diphenyl-2 H-tetrasodium bromide MTT assay. Angiotensin II 1 pM–100
. 2q Žw 2qx .mM induced in mesothelial cells a biphasic elevation of intracellular Ca concentration Ca that consisted of a transient initiali

component, followed by a sustained component. Neither removal of extracellular Ca2q nor inhibition of Ca2q influx by 1 mM nifedipine
w 2qxaffected the angiotensin II-induced initial transient elevation of Ca in mesothelial cells. Nifedipine did not block angiotensini

w 2qx Ž .II-induced sustained elevation of Ca . Angiotensin II 1 pM–100 mM had a proliferative effect on mesothelial cells in ai
Ž . Žw 1 8x .dose-dependent manner. Angiotensin II type 1 AT receptor antagonist Sar , Ile angiotensin II inhibited both angiotensin II-induced1

w 2qxelevation of Ca and proliferation of mesothelial cells. Pertussis toxin did not affect angiotensin II-induced responses. These resultsi

suggest that angiotensin II-induced responses to mesothelial cells are extremely dependent on the angiotensin AT receptor coupled with1

pertussis toxin-insensitive G protein. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Mesothelial cells form a sheet on the surface of ever-
Ž .moving organs Wang, 1985 and have many functions

involving production of cytokines, growth factors and
Žextracellular matrix constituents Kuwahara and Kagan,

.1995 . In turn, mesothelial cells also respond to some
Žagents including cytokines and growth factors Boylan et

al., 1992; Hott et al., 1992; Owens and Grisham, 1993; Ito
.et al., 1995; Kuwahara and Kuwahara, 1998 . However,

the intracellular signaling mechanisms governing mesothe-
lial cell growth, regeneration and differentiation remain
essentially undefined. The peptide hormone angiotensin II
evokes diverse physiological responses including cell pro-

Ž .liferation in many cell types Timmermans et al., 1993 .
Therefore, it could be of considerable interest in defining
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its signaling pathways that mediate the growth response of
mesothelial cells. Pharmacological evidence has defined at
least two subtypes of angiotensin II receptors, designated

Ž . Ž .angiotensin II type 1 AT and type 2 AT receptor1 2
Žsubtypes Murphy et al., 1991; Sasaki et al., 1991; Tim-

.mermans et al., 1993 . Angiotensin AT receptor activation1

by angiotensin II is initiated by stimulation of a phos-
phatidylinositol-specific phospholipase C, leading to the

Ž .generation of inositol trisphosphate IP and diacylglyc-3
Žerol in cultured rat vascular smooth muscle cells Grien-

.dling et al., 1986 . These reactions are involved in intra-
2q Ž .cellular Ca mobilization Berridge, 1987 and protein

Ž .kinase C activation Nishizuka, 1988 . Previously, we have
clarified the mechanisms of cytosolic Ca2q mobilization in

Ž .the mesothelial cells Ito et al., 1995 . Therefore, we
examined the Ca2q signaling pathways of the response to
angiotensin II in mesothelial cells with the use of the

2q Žfluorescent Ca indicator fura 2 Grynkiewicz et al,
. 2q1985 . Furthermore, to confirm the role of these Ca

signaling pathways in mesothelial cell growth, prolifera-
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tion of mesothelial cells was assessed using a spectropho-
Ž .tometric 3- 4,5-dimethylthazol-2-yl -2,5-diphenyl-2 H-te-

Ž . Ž .trasodium bromide MTT assay Mosmann, 1983 .

2. Materials and methods

2.1. Reagents, media and buffers

For the Ca2q measurements we used a N-2-hydroxy-
X Ž .ethylpiperazine-N -2-ethanesulfonic acid HEPES buffer

Ž .containing in mM 10 HEPES, 136.9 NaCl, 5.4 KCl, 1.0
MgCl , 1.5 CaCl , 0.001 EDTA and 5.5 glucose2 2
Ž . 2qHEPES-buffered solution . In Ca -free experiments, the
same solution was used except that 1.5 mM CaCl was2

Žomitted and 0.5 mM ethylene glycol-bis b-aminoethyl
. X X Ž .ether -N, N, N , N -tetra-acetic acid EGTA was added.

Ž .Dulbecco’s modified eagles medium DMEM , Hanks’
Ž .balanced salt solution HBSS , fetal bovine serum, and

trypsin-EDTA were purchased from GIBCO, Grand Island,
w 1 8 xNY. Angiotensin II, Sar , Ile angiotensin II, ionomycin,

Žnifedipine, pertussis toxin, thapsigargin and 1,2-bis 2-
. X Xaminophenoxy ethane-N , N , N , N -tetraacetic acid

Ž .BAPTA were purchased from Sigma, St. Louis, MO.
Ž .Fura 2-acetoxymethyl ester fura 2-AM was obtained

from Dojindo Laboratories, Kumamoto, Japan. Other ma-
terials and chemicals were obtained from commercial
sources.

2.2. Rat pleural mesothelial cell cultures

Rat pleural mesothelial cells were obtained and estab-
Žlished in culture, as described previously Kuwahara et al.,

.1991 . Briefly, rats were anesthetized with sodium pento-
Ž .barbital 40 mgrkg i.p. and were immediately killed by

exanguination from a severed abdominal aorta. The com-
plete thoracic wall was removed under sterile conditions
and immersed in petridishes for 20 min in HBSS. The
parietal pleural surfaces were scraped repeatedly with cell
scrapers. The cells were then seeded into culture dishes.
The cultures were maintained for up to 10 passages in
DMEM with 10% fetal bovine serum, 105 Url penicillin,
and 100 mgrl streptomycin, at 378C in humidified envi-
ronment containing 5% CO . The cultured cells exhibited2

the characteristic features of mesothelial cells: a polyhe-
dral, cobblestone morphologic pattern and positive im-
munohistochemical staining for cytokeratin and vimentin
Ž .Kuwahara et al., 1991 .

[ 2 q]2.3. Measurement of Ca i

w 2qxChanges in Ca were determined as previously re-i
Ž .ported Ito et al., 1995 . Pleural mesothelial cells were

Žincubated on 25-mm glass coverslips Matsunami, Tokyo,
.Japan in DMEM with 10% fetal bovine serum. After

reaching confluence, the fetal bovine serum in culture
medium was depleted for 12 h, and then the mesothelial
cell monolayers were loaded with fura 2 by incubating
them with 2 mM fura 2-AM for 30 min at 378C in
HEPES-buffered solution. Loaded cells were washed in
HEPES-buffered solution and maintained in this solution
for 20 min at room temperature to allow for complete
hydrolysis of fura 2-AM to the acid form.

The glass coverslip was placed horizontally in a temper-
Ž .ature-controlled 378C bath that was mounted on an

Žequipment for fluorescence measurements CAF-100, Japan
.Spectroscopic, Tokyo, Japan . Fluorescence excitation was

Ž .obtained from a xenon high-pressure lamp 150 W . Ultra-
Žviolet light of alternating 340 and 380 nm 10 nm band-

.width was obtained with a monochromator equipped with
Ž .a chopping wheel 400 Hz placed in front of the mono-

chromator. The dichroic mirror was used as a beam splitter
Ž .to transmit emitted fluorescence 500 nm into the photo-

Ž .multiplier. The fluorescence signals 340 and 380 nm and
Ž .their ratio 340:380 were continuously recorded on a chart

recorder. At the end of experimental run, background
Žautofluorescence the inherent fluorescence emitted from

.cells, coverslip, and bath at 340 and 380 nm was obtained
Ž .by the method of Hallam et al. 1988 .

After autofluorescence was subtracted, the changes in
w 2qxCa were determined quantitatively by using the fol-i

w 2qx wŽ . Žlowing equation: Ca s K R y R r R yi d min max
.xŽ .R Sf rSb where the dissociation constant K has a2 2 d

Ž .value of 224 nM Grynkiewicz et al., 1985 , R is the
fluorescence ratio within the cells, R is the maximalmax

fluorescence ratio after addition of 40 mM ionomycin in
the presence of 1.5 mM CaCl , R is the minimal ratio2 min

determined by the subsequent addition of 5 mM EGTA,
and Sf rSb is the ratio of fluorescence values at 380-nm2 2

excitation determined at R and R , respectively.min max

2.4. Cell proliferation

Mesothelial cells were sparsely seeded at a density of
2.5=103 cellsrwell in 96-well plates in DMEM with
10% fetal bovine serum and allowed to adhere overnight.
Subconfluent conditions were chosen to allow detection
for maximal growth response. The media was changed to
DMEM without fetal bovine serum for 24 h to induce
quiescence. Some blocking agents were added 5 min be-
fore angiotensin II treatment. Angiotensin II concentrations
diluted in DMEM ranging from 1 pM to 1 mM were added
to each well for 24 h, and cell replication was assessed

Ž .using a spectrophotometric MTT assay Mosmann, 1983 .
Ž .The MTT solution 5 mgrml was added directly to the

assay plates at a rate of 50 ml of cell culture medium and
then the cells were incubated for another 1 h at 378C. The
purple formazan crystals formed were dissolved by the

Ž .addition of dimethyl-sulphoxide DMSO followed by
thorough mixing. The plates were subsequently read on a
spectrophotometer at 570 nm.
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2.5. Statistics

Results were expressed as the mean"S.E.M. of five
separate experiments for each category. For some studies,
statistical comparisons were made by using a one-way

Ž .analysis of variance ANOVA .

3. Results

[ 2 q]3.1. Angiotensin II-induced increase in Ca ini

mesothelial cells

w 2qxAngiotensin II induced a biphasic elevation of Ca i

in mesothelial cells, which consisted of a transient initial
component, followed by a sustained component in the

2q Ž .presence of 1.5 mM extracellular Ca Fig. 1 . The initial
component peaked within 30 s after angiotensin II stimula-

Ž .tion. Angiotensin II 1 pM–100 mM elicited an elevation
w 2qxof Ca in a dose-dependent manner. Concentration–re-i

sponse curves were obtained from the peak values both
w 2qxinitial transient and sustained component of the Ca i

response as shown in Fig. 2. The half-maximal effective
Ž . Ž .concentration EC and maximum effect E of tran-50 max

sient peak values for angiotensin II were 10 and 1240 nM
in mesothelial cells, respectively. The sustained values of
w 2qxCa reached plateau for more than 100 nM angiotensini

II at 250 nM.

3.2. Response to angiotensin II in the presence of a
Ca2 q-entry blocker, in the absence of extracellular Ca2 q

and in the depletion of Ca2 q stores

As shown in Fig. 3, both the angiotensin II-induced
w 2qxinitial transient elevation of Ca and the sustainedi

component were still present after nifedipine treatment

Fig. 1. Tracing showing effect of 10 mM Angiotensin II on cytosolic
2q Žw 2q x .Ca concentration level Ca of mesothelial cells in presence ofi

1.5 mM extracellular Ca2q. Addition of Angiotensin II induced biphasic
w 2q xelevation of Ca : initial transient component followed by sustainedi

component in fura 2-loaded pericardial mesothelial cells. Tracing is
representative of five independent experiments.

Fig. 2. Dose–response curve showing magnitude of Angiotensin II-in-
Ž . Ž . w 2q xduced initial transient v and sustained component ` of the Ca i

in mesothelial cells. Each point represents mean"S.E.M. of five separate
experiments.

Ž . 2qFig. 3A . In the absence of extracellular Ca with 0.5
mM EGTA, angiotensin II induced only a transient eleva-

w 2qxtion of Ca , whereas the sustained component wasi
Ž .eliminated Fig. 3B . Pretreatment of thapsigargin attenu-

w 2qxated the initial transient elevation of Ca . These resulti
w 2qxsuggest that angiotensin II-induced elevation of Ca ini

mesothelial cells was not dependent on dihydropyridine-
sensitive, voltage-dependent Ca2q channels. Moreover, an-

Ž . 2qFig. 3. Effects of 1 mM nifedipine A and absence of extracellular Ca
Ž .with 0.5 mM EGTA B on 10 mM Angiotensin II-induced elevation of

w 2q xCa in mesothelial cells. Nifedipine was added 5 min before an-i

giotensin II treatment. Nifedipine did not affect Angiotensin II-induced
w 2q xelevation of Ca . Sustained component was not observed in absencei

of extracellular Ca2q. Each tracing is representative of five independent
experiments.
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w 2qxgiotensin II-induced transient elevation of Ca origi-i

nated from intracellular Ca2q stores.

3.3. Effects of the angiotensin AT receptor antagonist on1
[ 2 q]angiotensin II-induced Ca responsei

w 1An angiotensin AT receptor antagonist, Sar ,1
8 x Ž .Ile angiotensin II 1 mM , was used as pretreatment to

identify the angiotensin receptor subtype mediating the
w 2qxincreased Ca in mesothelial cells. The angiotensini

AT receptor antagonist almost abolished the angiotensin1
w 2qxII-induced elevation of Ca in the mesothelial cellsi

Ž .Fig. 4 . This result suggested that angiotensin II-induced
w 2qxelevation of Ca in the mesothelial cells was extremelyi

dependent on angiotensin AT receptor.1

3.4. Effects of pertussis toxin treatment on angiotensin
[ 2 q]II-induced Ca responsei

As shown in Fig. 4, angiotensin II-induced elevation of
w 2qxCa in the mesothelial cells was still present afteri

Ž .pertussis toxin 100 ngrml treatment. This result sug-
w 2qxgested that angiotensin II-induced elevation of Ca ini

the mesothelial cells was not dependent on pertussis
Ž .toxin-sensitive G protein G coupled receptor.s

3.5. Angiotensin II-induced mesothelial cell proliferation

The proliferative effects of angiotensin II on mesothe-
Žlial cells are shown in Fig. 5. Angiotensin II 1 pM–100

.mM apparently has a replicating effect on mesothelial
Ž .cells in a dose-dependent manner. Angiotensin II 10 mM

was about 80% increase in mesothelial proliferation com-

w 1 8 xFig. 4. Effects of 1 mM Sar , Ile angiotensin II and 100 ngrml
w 2q xpertussis toxin on 10 mM Angiotensin II-induced elevation of Ca ini

mesothelial cells. These blockades were added 5 min before angiotensin
w 2q xII treatment. Angiotensin II-induced elevation of Ca was almosti

w 1 8 xabolished by Sar , Ile angiotensin II, but pertussis toxin did not affect
w 2q xAngiotensin II-induced elevation of Ca . Each tracing is representa-i

tive of five independent experiments. Each bar represents mean"S.E.M.
of five separate experiments. U : P -0.05, significant difference from
control.

Fig. 5. Dose–response curves showing % increase of Angiotensin II-in-
duced mesothelial cell proliferation. Each point represents mean"S.E.M.
of five separate experiments.

parison with no treatment. The proliferative effect of an-
Ž .giotensin II 10 mM was significantly decreased to less

Ž . w 1than 20% in the presence of BAPTA 10 mM and Sar ,
8 x Ž . Ž .Ile angiotensin II 1 mM , but nifedipine 1 mM and

Ž .pertussis toxin 100 ngrml did not affect angiotensin
Ž . Ž .II-induced proliferation Fig. 6 . Thapsigargin 1 mM also

significantly reduced the proliferative effect of angiotensin
II, although the degree of inhibitory effect was less than
BAPTA treatment. These results suggest that Ca2q influx
may play a very important role on angiotensin II-induced

w 2qxproliferation, although the transient elevation of Ca i

may be in part responsible of the proliferative response in
mesothelial cells. Moreover, these observations provide
further evidence that pleural mesothelial cells have the
angiotensin AT receptor coupled with pertussis toxin-in-1

sensitive G protein.

Fig. 6. Effects of some agents on mesothelial cell proliferation. These
agents were added 5 min before angiotensin II treatment and mesothelial

Ž . Žcells were incubated for 24 h. Nifedipine 1 mM and pertussis toxin 100
. Žngrml did not affect Angiotensin II-induced proliferation. BAPTA 10

. w 1 8 x Ž .mM and Sar , Ile angiotensin II 1 mM inhibited Angiotensin II-in-
duced proliferation. Each bar represents mean"S.E.M. of five separate
experiments. U : P -0.05, significant difference from control.
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4. Discussion

This study has shown that cultured pleural mesothelial
w 2qxcells respond to angiotensin II through elevation of Ca .i

Moreover, angiotensin II has a proliferative effect on
pleural mesothelial cells. An angiotensin AT receptor1

Žw 1 8 x .antagonist Sar , Ile angiotensin II inhibits both an-
w 2qxgiotensin II-induced elevation of Ca and proliferationi

of mesothelial cells. Pertussis toxin does not affect an-
giotensin II-induced responses. These results suggest that
angiotensin II-induced responses to mesothelial cells are
extremely dependent on the angiotensin AT receptor cou-1

pled with pertussis toxin-insensitive G protein.
Angiotensin II receptors have been classified into the

Žangiotensin AT and AT receptor subtypes Timmermans1 2
.et al., 1993 . An angiotensin AT receptor has been cloned1

Žfrom a variety of species and tissues Murphy et al., 1991;
Sasaki et al., 1991; Kakar et al., 1992; Sasamura et al.,

.1992 . All consist of a single polypeptide, 359 amino acids
in length, arranged with topography comprising seven
a-helical transmembrane regions, typical of the G protein-
coupled receptor family. They display a high degree of

Žsequence identity at the amino acid level over 94% identi-
. Žcal between all mammalian species Kakar et al., 1992;

.Sasamura et al., 1992 . An angiotensin AT receptor has2

been cloned and is a member of the G protein-coupled
Žreceptor family Kambayashi et al., 1993; Mukoyama et

.al., 1993; Tsuzuki et al., 1994 . Its consists of 363 amino
acids, and shares only 34% sequence identity at the amino
acid level to the angiotensin AT receptor.1

There are some possibilities that angiotensin II-induced
w 2qxelevation of Ca may depend on both the nucleus andi

the cytosol, because angiotensin II receptors are found not
Žonly cell surface but also nucleus membranes Haller et al.,

. w 2qx1996 . Angiotensin II increased Ca in the cytosoli

rather than in the nucleus using confocal microscopy with
Ž .fluo 3 loaded mesothelial cells unpublished observation .

Moreover, the angiotensin AT receptor antagonist almost1
w 2qxabolished the angiotensin II-induced elevation of Ca i
w 2qxin the mesothelial cells. Therefore, the elevation of Ca i

might be induced via cell surface membrane angiotensin
AT receptors.1

In many cells activation of angiotensin AT receptors,1

which are coupled to the phospolipase C signal transduc-
tion pathway through a pertussis toxin-insensitive G pro-

Ž .tein G or G , results in the generation of the secondq 11

messengers IP and diacylglycerol, which in turn mobilize3

Ca2q from intracellular stores and activate PKC, respec-
tively. In contrast with the angiotensin AT receptor, much1

less is known about the physiological actions and signal
transduction pathways associated with the angiotensin AT2

receptor. However, there is some evidence that they medi-
ate effects through a pertusis toxin-sensitive G proteini
Ž .Nahmias and Strosberg, 1995 , and their localization is

Ž .mainly in the brain Millan et al., 1991 . The angiotensin
Žw 1 8 x .AT receptor antagonist Sar , Ile angiotensin II inhibits1

w 2qxboth angiotensin II-induced elevation of Ca and pro-i

liferation of mesothelial cells. Pertussis toxin does not
affect angiotensin II-induced responses. Although it is
reported that phospholipase C-g has been shown to be
coupled to the angiotensin AT receptor in a G protein-in-1

Ždependent manner in smooth muscle cells Marrero et al.,
.1994 , the present study has obtained almost the same

results in earlier studies on other cell types. Therefore, it
seems that angiotensin II-induced responses to mesothelial
cells may be dependent on the angiotensin AT receptor1

coupled with pertussis toxin-insensitive G protein.
Angiotensin II receptors are present in many tissues and

angiotensin II evokes diverse physiological responses in-
cluding vasoconstriction, aldosterone secretion, and cell

Žgrowth and proliferation in many cell types Peach and
. 2qDostal, 1990 . One function of Ca signal is to activate

the immediate early genes responsible for introducing rest-
Ž .ing cells G to re-enter the cell cycle. Angiotensin II0

induces a rapid increase in expression of these prot-onco-
genes, c-fos, c-Jun, and c-myc, in vascular smooth muscle

Ž .cells Naftilan et al, 1989; Taubman et al., 1989 . The
Ca2q signal may relate to this pathway in angiotensin
II-induced mesothelial cell proliferation. To clarify the role
of Ca2q on angiotensin II-induced mesothelial prolifera-
tion, we used nifedipine, BAPTA, and thapsigargin. Be-
cause BAPTA strongly inhibit angiotensin II-induced
mesothelial proliferation, it seems that Ca2q influx through
non L-type Ca2q channels may play a very important role

w 2qxon this response. The transient initial elevation of Ca i

may also be partly responsible of the proliferative response
in mesothelial cells, because thapsigargin reduce the
mesothelial proliferation. Furthermore, angiotensin II stim-

Ž . Žulates mitogen-activated protein kinases MAPKs Duff et
.al., 1992; Tsuda et al., 1992; Molloy et al., 1993 . Earlier

reports proposed a dominant role of PKC in the mecha-
nism of angiotensin II-mediated MAPKs activation in vas-

Žcular smooth muscle cells Tsuda et al., 1992; Molloy et
.al., 1993 , whereas more recent studies have indicated that

Ca2q signals rather than PKC are critical for MAPKs
Žactivation by angiotensin II in cardiac cells Booz et al.,

.1994; Sadoshima et al., 1995 . Therefore, MAPKs path-
way may also be of relevance to the angiotensin II-media-
ted mesothelial proliferation. However, further studies will
be needed to define signal transduction cascades leading to
MAPKs activation by the angiotensin II in mesothelial
cells.

Previously, we have shown that mesothelial cells have
w 2qxthree pathways for increasing Ca : release from intra-i

cellular Ca2q stores, Ca2q influx through L-type voltage-
dependent channels, and receptor-operated Ca2q channels
Ž .Ito et al., 1995 . Angiotensin II-induced elevation of
w 2qxCa in mesothelial cells was not dependent on L-typei

Ca2q channels, and was dependent on intracellular Ca2q

stores and Ca2q influx through non L-type Ca2q channels.
For L-type independent Ca2q influx in a sustained compo-
nent, Ca2q release activated channels and R-type Ca2q
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Žchannels have been observed in some cell types Bkaily et
.al., 1997 . However, there is currently no data about these

channels in mesothelial cells. Therefore, further studies
will be needed to clarify the receptor agonist induced

w 2qxmechanisms in a sustained elevation of Ca .i
Many investigators have failed to show receptors and a

signal transduction system for angiotensin II in endothelial
Ž .cells Andre et al., 1992; Burnier et al., 1994 . Moreover,´

although we have clarified voltage-dependent Ca2q chan-
Ž .nels in mesothelial cells Ito et al., 1995 , some studies

have failed to show the existence of voltage-dependent
2q ŽCa channels in endothelial cells Hallam and Pearson,

.1986; Colder-Stanfield et al., 1987 . Mesothelial and en-
dothelial cells are both mesodermally derived cells arising
from splanchnic mesoderm. However, because of close
similarities, it is practically impossible to distinguish one
from the other by morphology alone. Therefore, the char-
acteristics of Ca2q signaling in mesothelial cells may be
useful in identifying and differentiating mesothelial from
endothelial cells.

In the thoracic cavity, pleural mesothelial cells are the
first cells to encounter foreign bodies, cells, and other
substances entering the pleural space. A variety of pul-
monary diseases, such as tuberculosis, malignancy, mineral
dust exposure, and trauma, may be associated with pleural
inflammation and injury. It has been reported in various
organs that high-density angiotensin converting enzyme
and angiotensin II receptor binding were anatomically
coincident with sites of fibrous tissue formation and that
this contrasted to non-injured tissue where respective bind-

Ž .ing densities were low Weber et al., 1997 . Angiotensin II
involvement in tissue repair and fibrogenesis that follows
inflammation can be inferred form these studies. We have
shown that angiotensin II has a proliferative effect on
pleural mesothelial cells. Therefore, it seems that pleural
mesothelial cells may respond to various stimuli on pleura
in healthy and diseased states.

5. Conclusion

We have shown that cultured pleural mesothelial cells
respond to angiotensin II through the angiotensin AT1

receptor coupled with pertussis toxin-insensitive G protein.
Angiotensin II has a proliferative effect on pleural
mesothelial cells. The Ca2q signal may relate to an-
giotensin II-induced mesothelial cell proliferation. These
results suggest that angiotensin II may play an important
role in the pleural cavity in healthy and diseased states.
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