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Abstract

The effects of endothelins on human prostatic smooth-muscle cell growth were examined. Endothelin-1 and endothelin-3 induced a
concentration-dependent increase in DNA synthesis and also promoted cell growth. Use of subtype selective antagonists BQ-123
ŽŽ Ž Ž . . . ŽŽcyclo D-Trp-D-Asp ONa -Pro-D-Val-Leu ; endothelin ET receptor selective and BQ-788 N-cis-2,6-dimethylpiperidinocarbonyl-L-g-A

Ž . . .methyl Leu-D-Trp- COOMe -D-Nle-ONa ; endothelin ET receptor selective , indicated that mitogenic effects of endothelin wereB

mediated through activation of both endothelin ET and ET receptors. The mitogenic effects of endothelin-1 and endothelin-3 wereA B

significantly inhibited by pretreatment of the cells with pertussis toxin. However, mitogenesis due to basic fibroblast growth factor was
not affected. In conclusion, endothelin has mitogenic effects on human prostatic smooth muscle cells through activation of both
endothelin ET and ET receptors via different signalling pathways from basic fibroblast growth factor. This may contribute to smoothA B

muscle hyperplasia associated with benign prostatic hyperplasia. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Endothelin was initially identified as a potent vasocon-
stricting peptide isolated from culture medium of porcine

Ž .vascular endothelial cells Yanagisawa et al., 1988 . En-
dothelin consists of three isopeptides, endothelin-1, en-
dothelin-2 and endothelin-3. The endothelins have a vari-
ety of important physiological functions associated with
the cardiovascular, renal, pulmonary and nervous systems
Ž .Masaki et al., 1992; Rubanyi and Polokoff, 1994 . These
activities are exerted through cell surface endothelin recep-
tors. Endothelin receptors are thought to be divided into
two subtypes, endothelin ET and ET . The endothelinA B

ET receptor has higher affinity for endothelin-1 andA

endothelin-2 than endothelin-3, whereas the endothelin
ŽET receptor has no isopeptide selectivity Arai et al.,B

.1990; Sakurai et al., 1990 . It is reported that endothelin
receptors are present in the human prostate and mediate
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Žcontractile response of the tissue Kobayashi et al.,
.1994a,b .

The prostate is composed of stromal and epithelial
components. Smooth muscle cells in the stroma represent

Ž .22% of total prostate area Shapiro et al., 1992b and
mediate prostate contraction. Benign prostatic hyperplasia,
which is the most common benign tumor in males, results
from hyperplasia of the cellular elements of the prostate
gland. The stromal components of the prostate play a
major role in the pathogenesis of benign prostatic hyper-

Ž .plasia Shapiro et al., 1992a . Approximately 30% of men
will undergo surgical resection or enucleation of the
prostate by age 70 owing to the development of prostatism
or bladder outlet obstruction resulting from hyperplasia
Ž .Barry, 1990 . However, the etiology of human benign
prostatic hyperplasia is not well characterized.

Endothelin has been reported to induce proliferation of
Ž .various cells Battistini et al., 1993 . The mitogenic effects

of endothelin on human prostatic smooth muscle cells may
play an important role in the pathophysiology of benign
prostatic hyperplasia. Nevertheless, there have been no
previous reports on the effects of endothelin as a growth
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factor in prostatic smooth muscle cells. We recently re-
ported that both endothelin ET and ET receptors areA B

Ž .present in human prostatic smooth muscle cells HP cells
and stimulation of both subtypes produced an increase in

2q Žw 2qx .intracellular free Ca concentration Ca via pertus-i
Ž .sis toxin sensitive pathway Saita et al., 1997 . In order to

elucidate the function of endothelin ET and ET recep-A B

tors in HP cells, we investigated both the mitogenic effect
of endothelins on human prostatic smooth muscle cells and
their signalling pathway using pertussis toxin.

2. Materials and methods

2.1. Drugs

w3 x ŽThe following drugs were used: H thymidine 83.2
.Cirmmol was purchased from New England Nuclear

Ž .Boston, MA, USA ; endothelin-1 and endothelin-3 were
Ž .from the Peptide Institute Osaka, Japan and, pertussis

Ž .toxin and basic fibroblast growth factor basic FGF were
Ž . Ž Žfrom Sigma St. Louis, MO, USA . BQ-123, cyclo D-Trp-

Ž . . ŽD-Asp ONa -Pro-D-Val-Leu and BQ-788 N-cis-2,6-di-
methylpiperidinocarbonyl-L-g-methyl Leu-D-Trp-
Ž . .COOMe -D-Nle-ONa , were synthesized by Yamanouchi

Ž .Pharmaceutical Tokyo, Japan . Other chemicals used were
of analytical grade.

2.2. Cell culture

Human prostate tissue was obtained by radical prostate-
ctomy from 72-year-old patient with benign prostatic hy-
perplasia. A primary culture of smooth muscle cells from

Ž .human prostate tissue HP cell was obtained by an explant
Ž .method as described previously Yazawa et al., 1994 .

Cells were cultured in phenol red free RPMI 1640 medium
supplemented with 15% fetal bovine serum, 2.5 mgrml
testosterone propionate, 1 mgrml hydrocortisone, 5 mgrml
insulin, 5 mrml human transferrin, 5 ngrml sodium selen-
ite, 100 unitsrml penicillin and 100 mgrml streptomycin
at 378C in a 5% CO incubator. Cells from passages 6 to2

20 were used in this study. There was no significant
difference in results from cells used in any passage below
number 20.

[3 ]2.3. H thymidine incorporation

HP cells were seeded at a density of 2=104 cells in 1
ml of medium in 24-well plates and grown for 48 h. Cells
were deprived of serum and all supplements for 48 h in
phenol red free RPMI 1640 medium to arrest the cell
growth. Agonists were then added, and after a 20-h incuba-
tion, the cells were pulse-labelled for 4 h with 1 mCirml
w3 x Ž .H thymidine 16.8 mCirmmol . Radiolabeled DNA was
extracted by washing the cells twice with cold phosphate-

buffered saline, precipitating them with 10% trichloro-
acetic acid for 1 h at 48C, and lysing them with 0.5 M
NaOH. The radioactivity was measured using liquid scin-
tillation counting. In experiments with endothelin antago-
nists, the cells were incubated with antagonists 30 min
before addition of agonists. The pertussis toxin was added
3 h before addition of the agonists and maintained in
culture medium throughout the assay.

2.4. Cell proliferation assay

HP cells were seeded at a density of 1.5=105 cells in
25 cm2 flasks to grow for 48 h. Cells were deprived of
serum and all supplements for 48 h in phenol red free
RPMI 1640 medium to arrest the cell growth. Agonists
were then added, and after a 72-h incubation, the cells
were detached by trypsinization, and counted using a
hemocytometer.

2.5. Analysis of data

Results are expressed as the mean"S.E. Statistical
significance was assessed by a one-way analysis of vari-
ance followed by Dunnet’s multiple comparison test. Prob-

Ž .abilities of less than 5% P-0.05 were considered sig-
nificant.

3. Results

3.1. Mitogenic actiÕity of endothelin on HP cells

Endothelin-1 induced a concentration dependent in-
w3 xcrease in DNA synthesis, as assessed by H thymidine

Žincorporation, in human prostatic smooth muscle cells HP
.cells . Endothelin-3, a selective endothelin ET receptorB

Žagonist, also induced an increase in DNA synthesis Fig.
.1 . Endothelin-1 and endothelin-3 at 10 nM stimulated

DNA synthesis to 2.8- and 2.2-fold from basal level,
respectively. Another endothelin ET receptor agonistB

sarafotoxin S6c gave a similar magnitude of response as
Ž .endothelin-3 data not shown . Basic FGF, a mitogen to

Žhuman prostatic stromal cells Kassen et al., 1996; Sher-
.wood et al., 1992 , also induced an increase in DNA

synthesis in HP cells. A submaximal response was reached
Žat 10 ngrml a 2.1-fold increase from basal level; data not

.shown . Since DNA synthesis may occur without cell
division, the HP cell number was counted after stimulation

Ž .by either endothelins or basic FGF Fig. 2 . Endothelin-1
and endothelin-3 at 10 nM significantly increased cell
number comparable to basic FGF at 10 ngrml.

Increase in DNA synthesis and cell number by endothe-
lin-1 was inclined to be more potent than that by endothe-
lin-3.
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Ž .Fig. 1. Concentration-response curves for endothelin-1- B - and endothe-
Ž .lin-3- v -induced DNA synthesis in human cultured prostatic smooth

muscle cells. Growth-arrested cells were stimulated with increasing con-
centrations of endothelin-1 or endothelin-3 for 20 h. As described in

w3 xSection 2, H thymidine incorporation was measured after 20 h stimula-
w3 xtion with agonists. Basal H thymidine incorporation was 1495"76

dpm. Each point shows the mean of at least six separate experiments in
duplicate; vertical lines indicate S.E.

3.2. Endothelin receptor subtypes which mediate mitogenic
actiÕity

We used BQ-123, a selective endothelin ET receptorA

antagonist, and BQ-788, a selective endothelin ET recep-B

tor antagonist, to characterize which endothelin receptor
subtypes mediate mitogenic activity. Fig. 3 shows the
effects of increasing concentrations of BQ-123 and BQ-788

Ž . Ž .Fig. 2. Effects of endothelin-1 ET-1 , endothelin-3 ET-3 and basic FGF
Ž .bFGF on proliferation of human cultured prostatic smooth muscle cells.
Growth-arrested cells were stimulated with 10 nM endothelin-1, endothe-
lin-3 or 10 ngrml basic FGF for 72 h. Cells were counted as described in

Ž .Section 2. Each datum represents mean ns9 ; vertical lines indicate
S.E. )) P -0.01 compared with the data in the absence of agonist
Ž .control .

Ž . Ž . Ž .Fig. 3. Effects of BQ-123 B and BQ-788 v on a endothelin-1 and
Ž .b endothelin-3 induced DNA synthesis in human cultured prostatic

w3 xsmooth muscle cells. H thymidine incorporation was measured in
growth-arrested cells as described in Section 2. Increasing concentrations
of BQ-123 or BQ-788 were applied to the cells 30 min before stimulation

w3 xwith 10 nM endothelin-1 or 10 nM endothelin-3. Basal H thymidine
incorporation was 1392"62 dpm. Each point shows the mean of at least
6 separate experiments in duplicate; vertical lines indicate S.E. ) P -

0.05, and )) P -0.01, compared with the data in the absence of
antagonist.

w3 xon endothelin-1- and endothelin-3-induced H thymidine
incorporation. Up to 1 mM of these antagonists were used.
BQ-123 at 1 mM significantly inhibited endothelin-1-in-
duced increase in DNA synthesis, but had no effect on
endothelin-3-induced increases. BQ-788 at 1 mM signifi-
cantly inhibited both endothelin-1- and endothelin-3-in-
duced increase in DNA synthesis. However, these antago-
nists had weaker activity than was expected from binding

Ž .studies Saita et al., 1997 . Either BQ-123 or BQ-788
alone had just a marginal effect on basal and basic FGF-in-

w3 x Ž .duced H thymidine incorporation data not shown . These
results indicate that the mitogenic effect by endothelin in
HP cells is mediated via activation of both endothelin ETA

and ET receptors.B
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Ž . Ž .Fig. 4. Effects of pertussis toxin on endothelin-1- B , endothelin-3- Ø
Ž .and basic FGF- ' induced DNA synthesis in human cultured prostatic

smooth muscle cells. Pertussis toxin was added to growth-arrested cells
for 3 h before stimulation with 10 nM endothelin-1, endothelin-3 or 10

w3 xngrml basic FGF and maintained throughout the assay. H thymidine
w3 xincorporation was measured as described in Section 2. Basal H thymi-

dine incorporation was 1342"43 dpm. Each point shows the mean of at
least 6 separate experiments in duplicate; vertical lines indicate S.E.
)) P -0.01 compared with the data in the absence of pertussis toxin.

3.3. Pertussis toxin sensitiÕity for endothelin and basic
FGF-induced DNA synthesis

Pertussis toxin catalyzes the ADP-ribosylation of some
GTP-binding protein, and uncouples them from their linked

Ž .receptors Gilman, 1987 . We used pertussis toxin to ex-
amine the intracellular mitogenic signalling pathways acti-
vated by endothelin-1, endothelin-3 and basic FGF. A 3-h
pretreatment of the cells with increasing concentrations of
pertussis toxin induced a concentration dependent reduc-
tion in endothelin-1- and endothelin-3-induced increase in

Ž .DNA synthesis Fig. 4 . Inhibition of endothelin-1-induced
increase in DNA synthesis by pertussis toxin was partial,
but significant at more than 1 ngrml pertussis toxin, and
endothelin-3-induced increase was inhibited by pertussis
toxin to nearly basal level. However, pertussis toxin did
not affect mitogenesis induced by basic FGF. These results
indicate that the signal transduction pathways for the en-
dothelins are different from those of basic FGF.

4. Discussion

Ž .The major findings of the present study are: 1 en-
dothelin-1 and endothelin-3 exert mitogenic effects on

Ž .human prostatic smooth muscle cells; 2 mitogenic effects
due to endothelin-1 are mediated through activation of

Ž .both endothelin ET and ET receptors; and 3 experi-A B

ments using pertussis toxin showed that mitogenic sig-

nalling of the endothelins is different from that of basic
FGF. These results suggest that endothelins may play a
role in mediating human prostatic smooth muscle hyper-
plasia seen in patients with benign prostatic hyperplasia.

The mitogenic effects of endothelin in vascular smooth
Ž .muscle Bobik et al., 1990; Eguchi et al., 1992 pulmonary

Žartery smooth muscle Hassoun et al., 1992; Zamora et al.,
. Ž .1993 and airway smooth muscle Panettieri et al., 1996

have been well documented. In these systems, the effects
of endothelin appear due to stimulation of the endothelin
ET , but not the ET , receptor subtype. This report is theA B

first to demonstrate that endothelin has mitogenic activity
in human prostatic smooth muscle cells. Endothelin-1 and
endothelin-3 at concentrations of 10 nM produce a 2.8-
and 2.2-fold increase in DNA synthesis, respectively, and

Ž .stimulate cell proliferation Figs. 1 and 2 . Endothelin
receptor subtypes responsible for the mitogenic activity
were characterized using the selective ligands endothelin-3
Ž . Žendothelin ET receptor agonist , BQ-123 endothelinB

. ŽET receptor antagonist and BQ-788 endothelin ETA B
.receptor antagonist . Endothelin-3 induced a

concentration-dependent increase in DNA synthesis. These
effects were inhibited by BQ-788, but not BQ-123. The
effects of endothelin-1 on DNA synthesis were inclined to
be more potent than that of endothelin-3. Endothelin-1 was

Ž .antagonized by both BQ-123 and BQ-788 Figs. 1 and 3 .
These data indicate that both endothelin ET and ETA B

receptors mediate their mitogenic effects by endothelin.
The endothelin receptor subtypes mediating mitogenic ef-
fects of endothelin in human prostatic smooth muscle cells
were shown to be different from those in vascular, pul-
monary artery and airway smooth muscle cells.

Higher concentrations of antagonists would be required
to block mitogenic response as opposed to receptor bind-

Ž .ing Fig. 3 . One explanation for this relative inefficiency
of endothelin antagonists in blocking mitogenic effect by
endothelin is due to reversal binding of antagonists to the
receptors and irreversal binding of endothelin. Endothelin
antagonists may not effectively compete with endothelin
for the binding to the receptors in longer time incubations.

Ž .Vigne et al. 1993 showed BQ-123 forms less stable
complexes with endothelin ET receptors than the com-A

plexes formed by endothelin and the receptors. Another
explanation is that endothelin antagonists were degraded
into inactive form by the cells. However, this is unlikely
because high performance liquid chromatographic analysis
revealed that no degradation of antagonist was observed

Ž .under our experimental condition data not shown .
Ž .Langenstroer et al. 1993 reported that endothelin-1

immunoreactivity in human prostate was present primarily
in the glandular epithelium. Consequently, endothelin re-
leased from glandular epithelium may cause contraction of
smooth muscle in stroma in a paracrine manner, and also
may play a role in cell growth. Derangement of cell
growth by endothelin-1 has been implicated in several
pathophysiologic conditions including atherosclerosis, car-
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Ždiac hypertrophy, and glomerulosclerosis Masaki, 1993;
. Ž .Simonson, 1993 . Kondo et al. 1995 reported that signifi-

cant increases was observed in endothelin receptors with
benign prostatic hyperplasia compared to normal prostate.
It may be possible that inappropriate endothelin secretion
from glandular epithelium andror overexpression of en-
dothelin receptors in prostate cells eventually leads to
benign prostatic hyperplasia. Unfortunately, comparison of
tissue endothelin levels between normal prostate and be-
nign prostatic hyperplasia has not yet been examined.
Further investigation is need to clarify the relevance be-
tween endothelin and benign prostatic hyperplasia.

Physiologic and pharmacologic studies provide com-
pelling evidence that the tension of human prostatic smooth

Žmuscle contributes to urethral obstruction Caine et al.,
.1976 . Therefore, smooth muscle cell relaxants such as

Ž .tamuslosin YM617 , a selective alpha1A receptor antago-
nist, can be successfully used to improve BPH symptoms
Ž .Kawabe et al., 1990; Yazawa et al., 1992 . In the human
prostate, both endothelin ET and ET receptors mediateA B

contraction of prostate smooth muscle in a manner roughly
comparable to that mediated through a receptors1
Ž .Kobayashi et al., 1994a; Langenstroer et al., 1993 . Use
of combined endothelin ET rET receptor antagonistsA B

rather than one selective for endothelin ET or ET recep-A B

tors may be effective therapy for benign prostatic hyper-
plasia symptoms in a fashion similar to alpha1 blockers.
Furthermore, it is possible that combined endothelin antag-
onists will be ideal drugs to suppress cell growth in the
prostate, and inhibit prostate hyperplasia. However, it is
important to investigate whether endothelin plays a central
role in prostate cell growth, because other growth factors
such as androgen and basic FGF could also contribute to it.
It will prove interesting to investigate the action of en-
dothelin in synergism with other growth factors.

Basic FGF is known to activate receptor tyrosine ki-
nase, and to be a mitogen for prostatic stromal cells
Ž .Sherwood et al., 1992 . It has been demonstrated that
basic FGF is also mitogenic to prostatic smooth muscle
cell in this experiment. We used pertussis toxin to investi-
gate the signalling pathways of both endothelin and basic
FGF. The effects of basic FGF were not inhibited by
pertussis toxin, while those of endothelin-3 were inhibited
to a basal level. This suggests that mitogenic response via
activation of the endothelin ET receptor is sensitive toB

pertussis toxin. Endothelin-1-induced increase in DNA
synthesis was partially sensitive to pertussis toxin, suggest-
ing mitogenic response by endothelin-1 may be mediated
by more than one pathway. The inhibitory action of pertus-
sis toxin was not a consequence of toxicity, because basic
FGF induced mitogenic response was not affected. These
results suggest that the mitogenic activity of endothelins
are mediated via pertussis toxin-sensitive GTP-binding
protein. Growth of prostatic smooth muscle cells is shown
to be regulated by several growth factors and also several
signalling pathways.

It has been reported that mitogenesis is induced by
mechanisms that are apparently dependent on either the

Žactivation of phospholipase C or tyrosine kinase Cham-
.bard et al., 1987 . There are several reports that the

endothelin receptor elicits the activation of both phospholi-
Žpase C and tyrosine–kinase pathways Imokawa et al.,

.1996; Simonson et al., 1996 . It was previously reported
that both endothelin ET and ET receptor subtypes in HPA B

w 2qxcells evoke Ca increase via phospholipase C activa-i
Žtion and this increase is sensitive to pertussis toxin Saita

.et al., 1997 . We are now investigating the involvement of
phospholipase C or tyrosine-kinase pathways in growth
stimulation by endothelin.

In summary, the present data indicate that endothelins
induce human prostate smooth muscle cell proliferation.
Use of subtype selective ligands indicate that mitogenic
effect of endothelin is mediated via activation of both
endothelin ET and ET receptors. Pertussis toxin sensitiv-A B

ity of DNA synthesis clearly demonstrates that mitogenic
signalling by endothelin was different from that of basic
FGF. These findings may have pathophysiologic signifi-
cance on benign prostatic hyperplasia.

References

Arai, H., Hori, S., Aramori, I., Ohkubo, H., Nakanishi, S., 1990. Cloning
and expression of a cDNA encoding an endothelin receptor. Nature
348, 730–732.

Barry, M.J., 1990. Medical outcomes research and benign prostatic
Ž .hyperplasia. Prostate 3 Suppl. , 61–74.

Battistini, B., Chailler, P., D’Orleans-Juste, P., Briere, N., Sirois, P.,´ `
1993. Growth regulatory properties of endothelins. Peptides 14, 385–
399.

Bobik, A., Grooms, A., Millar, J.A., Mitchell, A., Grinpukel, S., 1990.
Growth factor activity of endothelin on vascular smooth muscle. Am.
J. Physiol. 258, C408–C415.

Caine, M., Pfau, A., Perlberg, S., 1976. The use of alpha adrenergic
blockers in benign prostatic obstruction. Br. J. Urol. 48, 255–263.

Chambard, J.C., Paris, S., L’Allemain, G., Pouyssegur, J., 1987. Two
growth factor signalling pathways in fibroblasts distinguished by
pertussis toxin. Nature 326, 800–803.

Eguchi, S., Hirai, Y., Ihara, M., Yano, M., Marumo, F., 1992. A novel
Ž .ET antagonist BQ-123 inhibits endothelin-1-induced phosphoinosi-A

tide breakdown and DNA synthesis in rat vascular smooth muscle
cells. FEBS Lett. 302, 243–246.

Gilman, G.G., 1987. G proteins: transducers of receptor-generated sig-
nals. Ann. Rev. Biochem. 56, 615–649.

Hassoun, P.M., Thappa, V., Landman, M.J., Fanburg, B.L., 1992. Mito-
genic activity on pulmonary artery smooth muscle cell and release
from hypoxic endothelial cells. Proc. Soc. Exp. Biol. Med. 199,
165–170.

Imokawa, G., Tada, Y., Kimura, M., 1996. Signalling mechanisms of
endothelin-induced mitogenesis and melanogenesis in human
melanocytes. Biochem. J. 314, 305–312.

Kassen, A., Sutkowski, D.M., Ahn, H., Sensibar, J.A., Kozlowski, J.M.,
Lee, C., 1996. Stromal cells of the human prostate: initial isolation
and characterization. Prostate 28, 89–97.

Kawabe, K., Ueno, A., Takimoto, Y., Aso, Y., Kato, H., 1990. Use of an
a1 blocker, YM617, in the treatment of benign prostatic hypertrophy.
J. Urol. 144, 908–912.



( )Y. Saita et al.rEuropean Journal of Pharmacology 349 1998 123–128128

Kobayashi, S., Tang, R., Wang, B., Opgenorth, T., Langenstorer, P.,
Shapiro, E., Lepor, H., 1994a. Binding and functional properties of
endothelin receptor subtypes in the human prostate. Mol. Pharmacol.
45, 306–311.

Kobayashi, S., Tang, R., Wang, B., Opgenorth, T., Stein, E., Shapiro, E.,
Lepor, H., 1994b. Localization of endothelin receptors in the human
prostate. J. Urol. 151, 763–766.

Kondo, S., Morita, T., Tashima, Y., 1995. Benign prostatic hypertrophy
affects the endothelin receptor density in the human urinary bladder
and prostate. Urol. Int. 54, 198–203.

Langenstroer, P., Tang, R., Shapiro, E., Divish, B., Opgenorth, T., Lepor,
H., 1993. Endothelin-1 in the human prostate: tissue levels, source of
production and isometric tension studies. J. Urol. 149, 495–499.

Masaki, T., 1993. Endothelins: homeostatic and compensatory actions in
the circulatory and endocrine systems. Endocrinol. Rev. 14, 256–268.

Masaki, T., Yanagisawa, M., Goto, K., 1992. Physiology and pharmacol-
ogy of endothelins. Med. Res. Rev. 12, 391–421.

Panettieri, R.A., Goldie, R.G., Rigby, P.J., Eszterhas, A.J., Hay, D.W.P.,
1996. Endothelin-1-induced potentiation of human airway smooth
muscle proliferation: an ET receptor-mediated phenomenon. Br. J.A

Pharmacol. 118, 191–197.
Rubanyi, G.M., Polokoff, M.A., 1994. Endothelins: molecular biology,

biochemistry, pharmacology, physiology, and pathophysiology. Phar-
macol. Rev. 46, 325–415.

Saita, Y., Koizumi, T., Yazawa, H., Morita, T., Takenaka, T., Honda, K.,
1997. Endothelin receptors and their cellular signal transduction
mechanism in human cultured prostatic smooth muscle cells. Br. J.
Pharmacol. 121, 687–694.

Sakurai, T., Yanagisawa, M., Takuwa, Y., Miyazzaki, H., Kimura, S.,
Goto, K., Masaki, T., 1990. Cloning of a cDNA encoding a non-iso-
peptide-selective subtype of the endothelin receptor. Nature 348,
732–735.

Shapiro, E., Hartanto, V., Becich, M.J., Lepor, H., 1992a. The relative

proportion of stromal and epithelial hyperplasia is regulated to the
development of symptomatic BPH. J. Urol. 147, 1293–1297.

Shapiro, E., Hartanto, V., Lepor, H., 1992b. Quantifying the smooth
muscle content of the prostate using double-immunoenzymatic stain-
ing and color assisted image analysis. J. Urol. 147, 1167–1170.

Sherwood, E.R., Fong, C.-J., Lee, C., Kozlowski, J.M., 1992. Basic
fibroblast growth factor: a potential mediator of stromal growth in the
human prostate. Endocrinology 130, 2955–2963.

Simonson, M.S., 1993. Endothelins: multifunctional renal peptides. Phys-
iol. Rev. 73, 375–411.

Simonson, M.S., Wang, Y., Herman, W.H., 1996. Ca2q channels medi-
ate protein tyrosine kinase activation by endothelin-1. Am. J. Physiol.
270, F790–F797.

Vigne, P., Breittmayer, J.P., Frelin, C., 1993. Competitive and non
competitive interactions of BQ-123 with endothelin ET receptors.A

Eur. J. Pharmacol. 245, 229–232.
Yanagisawa, M., Kurihara, H., Kimura, S., Tomobe, Y., Kobayashi, M.,

Mitsui, Y., Yazaki, Y., Goto, K., Masaki, T., 1988. A novel potent
vasoconstrictor peptide produced by vascular endothelial cells. Nature
332, 411–415.

Yazawa, H., Takanashi, M., Sudoh, K., Inagaki, O., Honda, K., 1992.
w3 x Ž . w ww w Ž . 3 xCharacterization of H YM617, R- y -5- 2- 2 ethoxyring n - H

Ž . w x xo-ethoxyphenoxy ethyl amino -propyl -2-methoxybenzenesulfonamide
HCI, a potent and selective alpha-1 adrenoceptor radioligand. J.
Pharmacol. Exp. Ther. 263, 201–206.

Yazawa, H., Saita, Y., Iida, E., Honma, Y., Morita, T., Honda, K., 1994.
Characterization of muscarinic cholinoceptor in primary culture of
smooth muscle cells from human prostate. J. Urol. 152, 2173–2177.

Zamora, M.A., Dempsey, E.C., Walchak, S.J., Stelzner, T.J., 1993.
BQ123, an ETA receptor antagonist, inhibits endothelin-1-induced
proliferation of human pulmonary artery smooth muscle cells. Am. J.
Respir. Cell. Mol. Biol. 9, 429–433.


