[ 1997 Stockton Press Al rights reserved 0007 -1188/97 $12.00

British Journal of Pharmacology (1997) 122, 663-670

Somatostatin ssts inhibition of receptor mediated regeneration of
rat aortic vascular smooth muscle cells
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1 The aim of the present study was to determine the effect of somatostatin (SRIF) on mitogen-induced
regeneration of rat aortic vascular smooth muscle cells (VSMC) and for comparison Chinese hamster
ovary (CHO)-K1 cells expressing human recombinant ssts receptors (CHOssts), following partial
denudation of a confluent cell monolayer. Regeneration was assessed by measuring areas of recovery
into the denuded area and by counting total cell numbers.

2 In VSMC, SRIF (0.1 nM—1 uM) had no effect on the basal levels of regeneration but caused a
concentration-dependent inhibition (pICs, 8.0—8.6) of the stimulated regeneration induced by sub-
maximal concentrations of basic fibroblast growth factor (bFGF, 10 ng ml~"), platelet-derived growth
factor-BB (PDGF, 5 ng ml™') or endothelin-1 (ET-1, 100 nM). SRIF (pICs, 8.8) also inhibited bFGF-
induced regeneration of CHOssts cells.

3 In VSMC, the inhibitory action of SRIF on the regeneration induced by bFGF (10 ng ml~") was due
to an anti-proliferative effect, rather than an effect on cell migration, as SRIF (0.1 nMm—1 uM) abolished
bFGF-induced increases in total cell numbers. The bFGF-induced increase in cell numbers was also
abolished by actinomycin D (0.1 ug ml™").

4 The ssts receptor-selective agonist, 1.-362,855 (pICs, 10.5), was about 100 times more potent than
SRIF at inhibiting bFGF-induced regeneration of both VSMC and CHOssts cells whilst the sst,
receptor-selective agonist, BIM-23027 (pICs, 6.8), was approximately 20 times weaker than SRIF.

5 The ssts receptor antagonist, BIM-23056 (100 nMm), antagonized SRIF-induced inhibition of bFGF-
induced regeneration in both VSMC and CHOssts cells (estimated pKp values 8.8 and 8.3, respectively).
6 SRIF-induced inhibition of bFGF-induced regeneration of VSMC and CHOssts cells was abolished
by pretreating cells with pertussis toxin (100 ng ml~") for 20 h.

7 These findings suggest that SRIF-induced inhibition of the proliferation of rat aortic VSMC is
mediated via activation of receptors which are similar to human ssts receptors. Furthermore this

inhibitory effect is transduced via pertussis toxin-sensitive G;/G, proteins.
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Introduction

Somatostatin (SRIF) is a tetradecapeptide which was origin-
ally isolated from the hypothalamus as a growth hormone-
release inhibitory factor and is distributed widely throughout
the central nervous system and peripheral tissues (Brazeau et
al., 1973; Reichlin, 1983). SRIF has diverse physiological
properties including the inhibition of secretory and prolifera-
tive processes (Reichlin, 1983; Lamberts ez al., 1986; Brevinin
et al., 1993). The in vitro action of SRIF on cell proliferation
was first investigated in 1982, where indirect immunofluores-
cence microscopy showed that nanomolar concentrations of
SRIF inhibited epidermal growth factor-induced centrosomal
separation, in early G1 phase, in both gerbil fibroma and HeLa
cell lines. At similar concentrations SRIF also inhibited DNA
synthesis, as determined by incorporation of [*H]-methylthy-
midine, and decreased cell number (Mascardo & Sherline,
1982). Since this first observation, there has been increasing
evidence to support the view that SRIF and some of its stable
analogues have anti-proliferative effects. For example, the
SRIF analogue, octreotide, effectively inhibits proliferation of
various kinds of tumour cells cultured in vitro, such as the
human breast adenocarcinoma cell line MCF7 (Pagliacci et al.,
1991), the rat pancreatic tumour cell line AR42J (Viguerie et
al., 1989) and the human prostatic cancer cell line LNCaP
(Brevinin et al., 1993). Furthermore, SRIF and its analogues
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have been shown to inhibit tumour growth in animal models
for cancers of the pancreas (Paz-Bouza et al., 1987; Rivard et
al., 1991), gastrointestinal tract (Smith & Solomon, 1988),
prostate (Schally & Redding, 1987; Zalatnai et al., 1988) and
pituitary (Lamberts et al., 1986).

There is now accumulating data to suggest that SRIF
may have a role in inhibiting vascular smooth muscle cell
proliferation. Indeed, angiopeptin, a somatostatin analogue,
has been demonstrated to inhibit myointimal formation both
in vivo (Foegh et al., 1989) and in vitro by use of blood
vessel explants (Vargas et al., 1989). Furthermore, rat cor-
onary artery smooth muscle cells express SRIF receptors
which are involved in the regulation of cell proliferation
(Leszczynski et al., 1993). As a result of these studies an-
giopeptin is in clinical trials for the treatment of myointimal
hyperplasia in restenosis after angioplasty and accelerated
atherosclerosis of transplanted organs (Emanuelsson er al.,
1995; Eriksen et al., 1995).

Since the cloning of five distinct SRIF receptor genes
(sst;—ssts) encoding a family of G protein-coupled receptors
(for review see Hoyer er al., 1994; 1995) much research is
being carried out to determine which SRIF receptor sub-
types mediate the diverse biological actions of this peptide
(e.g. Feniuk et al., 1993; McKeen et al., 1994; Wyatt et al.,
1996). Indeed, Buscail er al. (1995) have recently demon-
strated that in Chinese hamster ovary (CHO) cells expressing
the five individual somatostatin receptor subtypes sst; to
ssts, only sst, and ssts receptors mediate the inhibition of cell
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proliferation induced by the somatostatin analogue RC-160.
However, the nature of the receptors mediating inhibition of
VSMC re-growth is unknown.

Therefore, the main aim of this investigation was to
determine the effect of SRIF and some receptor selective
analogues on vascular smooth muscle cell growth, by use
of an in vitro model of vascular smooth muscle regen-
eration (Fan & Frost, 1990), in order to determine which
SRIF receptor subtype may be important in regulating
growth.

Methods

Cell culture

Rat aortic smooth muscle cells (VSMC) were isolated by a
modification of the enzyme dispersion method described by
Gimbrone & Cotran (1975), as cells obtained by this
method have been proposed to be more differentiated and
more closely resemble their in vivo counterparts. Thoracic
aortae were dissected from eight freshly killed adult (250 g)
male Sprague-Dawley rats and placed in Hank’s balanced
salt solution supplemented with 10% foetal calf serum
(FCS). The tunica media were separated from the adven-
titia and endothelium by fine dissection after treatment with
0.3% collagenase solution in Medium 199 (M199) with
Hank’s salts for 30 min at 37°C. Cells from the remaining
tunica media were dispersed by incubation in M199 with
0.1% elastase solution for 30 min at 37°C, followed by
addition of collagenase (0.3% solution) for 2 h at 37°C.
The dispersed cells were centrifuged at 100 g for 5 min and
resuspended in Dulbecco’s modified Eagles medium
(DMEM) supplemented with Glutamax I and 10% FCS
and plated into a 75 cm? flask; in all experiments cells were
used between passages 4 and 10. The cells were character-
ized by the absence of Dil acetylated low-density lipopro-
tein (Dil-Ac-LDL) uptake (Voyta et al., 1984) and by the
presence of a-smooth muscle actin (Skalli er al., 1986).
CHO-K1 cells expressing human recombinant ssts receptors
(Wilkinson et al., 1996) were grown in DMEM/Ham’s F-12
nutrient (1:1) mix supplemented with Glutamax I, 10%
FCS and 500 ug ml~! G418 sulphate. In all experiments,
cells were used between passages 15 and 30 from the ori-
ginal dilution clone. Both cell types were maintained at
37°C in humidified air/5% CO..

Measurement of regeneration

Cell lesioning Cells were seeded, at an appropriate cell
density of 30,000 and 200,000 for VSMC and CHO-K1 cells,
respectively, onto 13 mm diameter Thermanox (Nunc, Life
Technologies) coverslips in 24-well plates containing 0.5 ml
medium per well and incubated at 37°C until they reached
confluence. By use of a mechanical wounder (Fan & Frost,
1990) 11 parallel lesions, 400 um wide, were produced across
the cell monolayer. Coverslips were rinsed in phosphate
buffered saline (PBS), to remove dislodged cells and cellular
debris, and placed into a well containing drug or vehicle in
medium containing no FCS. At 18 h post-lesioning, the
experiment was stopped by washing the coverslips three
times in PBS, fixing in 100% ethanol for 5 min and allowing
them to air dry, before image analysis.

Visual analysis The regeneration of cells into the denuded
area was quantified by use of a Seescan (Cambridge) semi-
automated, computerized, image analysis system. Each field of
view covered approximately 2% of the total coverslip area. For
each coverslip 5 fields of view were selected at random. The
lesion area in each field of view was measured and by use of the
data for time zero (T,), the lesion area was then converted to
give % regeneration (%R), for each individual coverslip, from
the expression:

%R = [1 — (lesion area at T/lesion area at Ty)] x 100%

where T, is the number of hours post-lesion and T, is imme-
diately post-lesion.

Cell counting

When direct cell counts were measured, cells were harvested
by washing the coverslip three times with PBS and then
adding 100 pl 0.05% trypsin/0.02% EDTA for 2-5 min.
The reaction was stopped by adding complete medium and
the single cell suspension was counted with a haemocytom-
eter. Cell viability was assessed by use of Trypan blue ex-
clusion.

Analysis of concentration-effect curves

The ICs, values were calculated, by interpolation from the
concentration—effect curves, as the concentration of drug
which was required to produce half its maximum possible in-
hibition for each concentration-effect curve and then the in-
dividual values were meaned. The data were then transposed as
the negative logarithm of the ICs, value, denoted as pICs,. The
potency of the antagonism by BIM-23056 was expressed as the
pK3g value which was calculated by use of the Gaddum equa-
tion:

pKp = log (conc. ratio — 1) — log (antagonist conc.)

Where the concentration ratio was defined as the concen-
tration of agonist producing 50% of the maximum in the
presence of an antagonist, divided by the concentration of
agonist producing the same effect in the absence of an-
tagonist.

Statistical analysis

All data shown were calculated from a minimum of 3 experi-
ments with 4 replicates per test group in each experiment.
Values are expressed as the arithmetic mean +s.e.mean, with
the exception of concentration ratio values which are expressed
as geometric mean (95% confidence limits). Statistical analysis
was by analysis of variance followed by Fisher’s partial least-
squares difference test, taking P<0.05 as the level of signifi-
cance.

Materials

Unless otherwise stated, all reagents were purchased from
Sigma. Dulbecco’s modified Eagle’s medium/Hams F-12 nu-
trient, Hank’s balanced salt solutions, M 199 foetal calf serum,
Glutamax I and G418 were obtained from Life Technologies
(Paisley, Scotland). Dil-Ac-LDL were purchased from Bio-
genesis (Bournemouth). Thermanox coverslips were obtained
from NUNC (Life Technologies). Endothelin-1 was obtained
through Neosystem (Surrey) and SRIF from Peninsula La-
boratories Europe Ltd (St Helens, Merseyside). BIM-23027
(c[N-Me-Ala-Tyr-D-Trp-Lys-Abu-Phe]), BIM-23056 (D-Phe-
Phe-Tyr-D-Trp-Lys-Val-Phe-D-Nal-NH,) were custom syn-
thesized by Peptide and Protein Research consultants (Uni-
versity of Exeter, U.K.) and L-362,855 (c[Aha-Phe-Trp-D-
Trp-Lys-Thr-Phe]) was synthesized by Dr J. Murray’s team
(GlaxoWellcome Chemistry Unit, Department of Chemistry,
University of Cambridge). All of the peptides, with the ex-
ception of basic fibroblast growth factor (bFGF), platelet-
derived growth factor-BB (PDGF), endothelin-1 (ET-1) and
BIM-23056, were initially dissolved in distilled water to pro-
duce a concentration of 1 mM. bFGF and PDGF were initi-
ally dissolved in 1% serum buffered saline, ET-1 was
dissolved in 0.1% acetic acid to give 100 uM stock and BIM-
23056 was initially dissolved in 10% dimethylsulphoxide
(DMSO). All peptides were then divided into aliquots and
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stored at —20°C. Fresh aliquots were used on each experi-
mental day.

Results

Effect of somatostatin on VSMC regeneration

The effect of SRIF (100 nM) on bFGF-induced regeneration of
rat aortic VSMC is illustrated in Figure 1. The basal rate of
regeneration of VSMC at 18 h following partial denudation of

Figure 1 Phase contrast photographs of the regeneration at 18 h of
a lesioned VSMC monolayer, at magnification x 160. (a) Control
regeneration in the absence of growth factor, (b) regeneration
induced by bFGF (10 ngml™') and (c) regeneration induced by
bFGF (10 ng ml™') in the presence of SRIF (100 nm). Calibration
bar represents 400 um.

confluent cell monolayer was 5.6 +0.8%. SRIF (100 nm) had
no effect on this basal rate of regeneration (Figure 2) in any
experiment. Submaximal concentrations (data not shown) of
bFGF (10 ng ml~"), ET-1 (100 nM) and PDGF (5 ng ml™"')
increased regeneration of VSMC by 15.6+0.7%, 17.7+0.4%
and 22.1+1.0% respectively. In contrast to the lack of effect
observed on basal regeneration, SRIF (0.1 nM—1 uM) caused a
concentration-dependent inhibition of bFGF and ET-1-in-
duced regeneration (Figure 2) with respective pICs, values of
8.0+0.1 and 8.6+0.1. Similar concentrations of SRIF also
inhibited PDGF-induced regeneration (Figure 2) but the pICs,
value could not be calculated since a maximal inhibition was
not obtained at the highest concentration tested. There were
also slight differences in the apparent SRIF maxima. Thus,
SRIF maximally inhibited ET-1-induced re-growth to a level
observed in untreated cells, whilst when bFGF was used as the
mitogen the maximum inhibitory effect of SRIF was lower
than that observed in the untreated cells (Figure 2).

Effect of somatostatin on VSMC proliferation

The effect of SRIF on the proliferation of VSMC monolayers
18 h following partial denudation of a confluent monolayer of
cells was also directly determined by counting total cell num-
bers. SRIF (100 nM) had no effect on the number of VSMC,
18 h following denudation (Figure 3). However, bFGF
(10 ng ml~") increased the cell numbers by 87+2.9%. SRIF
(0.1 nMm—1 pum) caused a concentration-dependent inhibition
of bFGF-induced increase in cell numbers (Figure 3). At the
highest concentration of SRIF (1 uM), the mitogenic effect of
bFGF was abolished and total cell numbers were similar to
those observed in untreated cells. The potency of SRIF (pICs
8.24+0.1) was similar to that observed in the regeneration
studies (see above). The bFGF-induced increase in cell num-
bers was also abolished by actinomycin D (0.1 ug ml~—")
(Figure 3).

Effect of SRIF on regeneration and proliferation of
CHO-K]I cells

SRIF (0.1 nM—1 M) had no effect on basal or bFGF-induced
regeneration of wild type CHO-KI1 cells (data not shown).
SRIF also had no effect on the basal rate of regeneration of
CHO-KI cells recombinantly expressing human ssts receptors
(CHOssts cells) but caused a concentration-dependent inhibi-
tion (Figure 4) of bFGF-induced regeneration (pICs,
8.8+0.5). At the highest concentration studied the effect of
bFGF was abolished. Despite the fact that SRIF had no effect
on the basal rate of regeneration of CHOssts cells, bFGF-
induced responses were inhibited to a level below that observed
under basal conditions. When proliferation was assessed by
total cell counting (data not shown), the mitogenic effect of
bFGF was abolished by SRIF (100 nMm).

Effect of SRIF analogues on bFGF-induced re-growth of
VSMC and CHOssts cells

In order to characterize the SRIF receptors mediating in-
hibition of bFGF-induced regeneration of VSMC and
CHOssts cells, the effects of a number of SRIF-receptor
selective peptides have been studied (Figure 4). In both
VSMC and CHOssts cells, the ssts receptor-selective agonist,
L-362,855, was the most potent agonist examined at inhi-
biting bFGF-induced regeneration, being some 30-100
times more potent than SRIF (Figure 4 and Table 1). In
marked contrast the sst, receptor selective peptide, BIM-
23027, was approximately 10 times weaker than SRIF (Ta-
ble 1). SRIF and SRIF-28 were of similar potency at inhi-
biting bFGF-induced regeneration (Table 1), but the
maximum response to SRIF-28 appeared lower than that of
SRIF in VSMC (Figure 4). BIM-23056 (in concentrations up
to 10 uM) had no significant effect on bFGF-induced re-
generation in either cell type.
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Figure 2 The effect of SRIF (100 nm) on basal regeneration and on the regeneration induced by either (a) ET-1 (100 nm), (b)
bFGF (10 ng ml™") or (¢) PDGF (5 ng ml™") in VSMC monolayers. Values are expressed as the mean % regeneration at 18 h for
each test group or for various log concentrations of SRIF (n=3, 4 replicates). The vertical lines represent s.e.mean. *Represents
P<0.001 significant difference from control (C). The effects of SRIF at the concentration range of 1 nMm—1 um were significantly
(P<0.01) different from the effects of growth factor treatment alone.
45000 Antagonistic effect of BIM-23056
Since BIM-23056 was devoid of agonistic activity, it was
40000 * tested as an antagonist of SRIF-induced inhibition of
7 — bFGF-stimulated regeneration in both VSMC and CHOsst;
cells. BIM-23056 (100 nM) caused a rightward displacement
35000 of the concentration-effect curves to SRIF in VSMC and
T CHOssts cells (concentration ratios 20 (10—30) and 60 (39—
80), respectively) (Figure 5). The estimated pKp values were
30000 8.3+0.3 and 89404 for VSMC and CHOssts cells, re-
o ; spectively.
é
Effect of pertussis toxin treatment
3 25000 = ffect of p
g # Pretreatment with pertussis toxin (100 ng ml~' for 20 h) had
20000 mimmil = no effect on basal regeneration of VSMC and CHOsst;s cells or
on bFGF-induced regeneration of either cell type. However,
the inhibitory effect of SRIF on bFGF-induced regeneration
15000 4 was abolished following pertussis toxin treatment (Figure 6).
10000 Discussion
The ability of SRIF or some of its more stable peptide ana-
5000 logues §uch as octreotidg and gngiopeptin to inhibit the growth
of various cell types, including tumour cells and vascular
smooth muscle cells has long been known (Foegh et al., 1989;
Lundergan et al., 1989; Viguerie et al., 1989; Pagliacci et al.,

C ACD SRIF bFGF ACD
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9 -8 -7 -6
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+ bFGF

Figure 3 The effect of SRIF on cell proliferation in the presence of
bFGF (10 ng ml~ ') in VSMC. Values are expressed as the mean cell
numbers at 18 h for each test group or against log concentration of
SRIF (n=3, 4 replicates). The vertical lines represent the s.e.mean. *
and # represent P<0.001 significant difference compared to control
(C) and bFGF treatment, respectively. The effects of SRIF at the
concentration range 1 nm—1 um were significantly (P <0.01) different
from the effects of growth factor treatment alone. ACD represents
actinomycin D (0.1 ug ml—").

1991). This anti-proliferative effect has been thought to be due
to a direct effect on DNA synthesis, but the SRIF receptor
subtypes involved in these actions have not been identified. In
this study we sought to characterize the SRIF receptor subtype
mediating the anti-proliferative effect of SRIF in vascular tis-
sue by investigating the actions of some SRIF receptor selec-
tive peptides on the proliferation of rat aortic vascular smooth
muscle cells in culture. Similar studies were made for com-
parison on CHO-K1 cells expressing human recombinant ssts
receptors.

Proliferation was studied in two ways. The first method
involved measuring the regeneration of cells into a denuded
area of a previously confluent monolayer of cells. However,
this method cannot distinguish between an effect of drugs on
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Figure 4 The inhibitory effects of L-362,855, SRIF, SRIF-28, BIM-
23027 and BIM-23056 on the growth response induced by bFGF
(10 ng ml~") in lesioned VSMC (a) and in lesioned CHO-K1 cells
expressing human ssts receptors (b). Values are expressed as the mean
% inhibition of bFGF-induced response at 18 h against log
concentration of somatostatin analogue (n=3, 4 replicates). The
vertical lines represent s.e.mean. Where no error bar is shown, the
s.e.mean lies within the symbol.

cell migration and/or proliferation. Therefore a second method
was also used which involved counting total cell numbers.
Essentially similar results were obtained with either technique.
The inhibitor of DNA synthesis, actinomycin D, had no effect
on the levels of basal regeneration in the absence of growth
factors but abolished the bFGF-induced increase in cell
numbers (Figure 3). This suggests that in the absence of
growth factors the regeneration observed during the first 18 h

Table 1 A comparison of the potencies for some SRIF
ligands on the inhibition of regeneration of either vascular
smooth muscle cells (VSMC) or CHO-KI1 cells expressing
recombinant ssts receptors

Rat aortic vascular  CHO-KI cells expressing
smooth muscle cells recombinant ssts receptors

Compound pICsy pICs

SRIF-14 8.0+0.2 8.8+0.5
SRIF-28 8.34+0.3 8.74+0.7
BIM-23027 6.8+0.4 7.74+0.6
BIM-23056 >1000 > 1000
L-362,855 10.5+0.4 11.0+0.7

Values are expressed as the mean pICs, for each test group
(n=3,4 replicates). The rank orders of agonist potency in
VSMC and the transfected CHO-K1 cells were similar,
therefore suggesting that the functional response in VSMC is
mediated by an ssts receptor.

is predominantly a reflection of cell migration. However, in the
presence of growth factor the increase in regeneration is
mediated by an increased cellular proliferation.

Whilst SRIF had no effect on the basal rate of regeneration
of VSMC, it caused a concentration-dependent inhibition of
the re-growth induced by bFGF, ET-1 and PDGF. The po-
tency of SRIF was similar irrespective of the mitogen used to
stimulate regeneration but there were small differences in the
apparent maxima. Thus, at the highest concentration tested,
SRIF (1 um) abolished the mitogenic effect of bFGF and ET-1
but incompletely inhibited (approximately 75%) the mitogenic
effect of PDGF. This difference could possibly be accounted
for by a difference in the mechanism of the mitogenic action of
PDGF compared with bFGF or ET-1. Alternatively, since the
mitogenic effect of PDGF was slightly larger than that pro-
duced by either bFGF or ET-1, the magnitude of the inhibi-
tory action of SRIF may have been proportionately smaller
when PDGF was used as the mitogen. Although SRIF had no
effect on basal regeneration, it was also noted that SRIF
maximally inhibited bFGF-induced re-growth in VSMC to a
level below that observed in the untreated cells. The reason for
this is unknown since such an effect was not observed when
proliferation was directly measured by cell counting. It may be
that an additional inhibitory effect of SRIF on cell migration is
revealed when bFGF but not ET-1 or PDGF is used as the
mitogenic stimulus. Few studies have addressed the question as
to whether SRIF or its analogues can affect cell migration.
However, Mooradian et al. (1995) showed that angiopeptin
was a more potent inhibitor of vascular smooth muscle cell
migration than of proliferation.

SRIF also caused a concentration-dependent inhibition of
the regeneration of CHO-K1 cells expressing human recom-
binant ssts receptors. The potency of SRIF was similar to that
observed in rat aortic VSMC and similar results were obtained
with both experimental techniques employed. As was seen in
the VSMC, SRIF inhibited bFGF-induced regeneration of
CHOssts cells to a level below that observed in the controls.
This was not observed with the direct cell counting method. As
already mentioned it is possible that SRIF may additionally
influence cell migration when bFGF is used as the mitogenic
stimulus.

The effect of some SRIF-receptor selective agonists on
bFGF-induced regeneration of rat aortic VSMC were exam-
ined in order to characterize the SRIF receptors which mediate
the inhibitory effect on cell growth. The ssts receptor selective
agonist, 1.-362,855 (Raynor et al., 1993a,b; Wilkinson et al.,
1997; Williams et al., 1997), was by far the most potent SRIF-
receptor agonist studied, being some 30— 100 times more po-
tent than SRIF. In contrast the sst, receptor selective agonist,
BIM-23027 (Raynor et al., 1993a,b; Castro et al., 1996), was
approximately twenty times weaker than SRIF. The overall
agonist potency order was L-362,855> >SRIF=SRIF-
28 > BIM-23027 suggesting that the antiproliferative effect of
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Figure 5 Antagonism with BIM-23056 (100 nM) of the inhibition by
SRIF of the regeneration induced by bFGF (10 ng ml~') in lesioned
VSMC (a) and CHO-K1 cells expressing human ssts receptors (b).
Values are expressed as the mean % inhibition of bFGF-induced
response at 18 h against log concentration of SRIF (n=3, 4
replicates). The vertical lines represent s.e.mean. Where no error
bar is shown, the s.e.mean lies within the symbol.

SRIF in rat aortic VSMC was predominantly mediated by
receptors which are similar to the ssts receptor. This was
supported by the data in CHO-KI1 cells expressing the human
recombinant ssts receptor, where an identical agonist potency
order was obtained. However there were discrepancies in the
absolute values of potency. Thus BIM-23027 was approxi-
mately 10 times more potent at inhibiting bFGF-induced re-
generation in CHOssts cells (pICsp, 7.7) than in rat aortic
VSMC (pICsp, 6.8). This was surprising since radioligand
binding studies on membranes from CHO-K1 cells expressing
either rat or human recombinant ssts receptors (O’Carroll et
al., 1994) have shown that the apparent affinity of BIM-23027
for rat ssts receptors is higher than for human ssts receptors.
Whilst we have no obvious explanation for this reversal in
potency, it is evident that species differences do exist.

The order of agonist potencies in both cell lines was broadly
consistent with other functional data which we have described
in the CHOsst; cells. Such studies have included measurements
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Figure 6 The effect of 20 h pretreatment with pertussis toxin
(100 ng ml~!, PTX) on the regeneration of lesioned VSMC (a) and
CHO-K1 cells expressing human ssts receptors (b) following
treatment with either SRIF (100 nM) or bFGF (10 ng ml™") in the
absence and presence of SRIF (100 nm). Values are expressed as
mean % regeneration at 18 h for each test group in the presence and
absence of pertussis toxin (n=3, 4 replicates). The vertical lines
represent s.e.mean. *Represents P<0.001 significant difference from
the effect of SRIF with bFGF in the absence of PTX pretreatment. C
represents control.

of agonist-induced increases in extracellular acidification rates
(Thurlow et al., 1996), inhibition of adenylyl cyclase (Williams
et al., 1996), stimulation of GTPyS binding (Williams et al.,
1997) and stimulation of phosphoinositide metabolism (Wilk-
inson et al., 1997). However the extremely high potency of L-
362,855 at inhibiting bFGF-induced regeneration of both rat
aortic VSMC and CHOssts cells was surprising and might
suggest that the receptors are very efficiently coupled to the
transduction process involved in inhibition of cell prolifera-
tion, since in other systems it has been shown to behave as a
partial agonist (Wilkinson et al., 1997; Williams et al., 1997).
This is all the more significant in the case of the rat aortic
VSMC where the density of the SRIF receptors is so low that
we were unable to detect any specific [I'*]-[Tyr'']-SRIF bind-
ing in membranes prepared from these cells (unpublished ob-
servations). L-362,855 has been best characterized as a partial
agonist in ssts-receptor coupled systems, such as stimulation of
GTPyS binding and activation of phosphoinositide metabo-
lism, where SRIF itself is relatively weak (Williams et al., 1997;
Wilkinson et al., 1997). In contrast when SRIF itself is a potent
agonist, as it is for ssts receptor mediated inhibition of adenyl
cyclase, L-362,855 behaves as a full agonist (Williams et al.,
1996; 1997). Since SRIF was a potent agonist in the present
study, the high intrinsic activity exhibited by L-362,855 is to be
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expected. However, the additional finding that it is about 100
times more potent than SRIF seems somewhat incongruent
with classical concepts of drug receptor theory and partial
agonism, since the affinity of L-362,855 appears no more than
3—10 greater than that of SRIF at the ssts receptor (see Wil-
liams et al., 1997). It remains to be determined whether or not
the high relative potency of L-362,855 in this study reflects the
putative phenomenon of agonist trafficking of receptor sig-
nalling, whereby different agonists will have variable potencies
according to the transduction system invoked (see Kenakin,
1995). Certainly, the selective metabolism of SRIF would seem
unlikely in view of its high potency.

Characterization of the functional properties of SRIF re-
ceptors has always been hindered by the absence of potent and
specific receptor blocking drugs. We have recently shown that
BIM-23056 is devoid of agonist activity and potently and
specifically antagonizes ssts receptor mediated increases in in-
tracellular Ca®* and inositol phosphate accumulation in
CHOssts cells (Wilkinson ez al., 1996; 1997). In the present
study, BIM-23056 had no effect on bFGF-induced regenera-
tion of rat aortic VSMC and CHOsst;s cells and further studies
were thus undertaken to investigate its effect on the inhibitory
action of SRIF. BIM-23056 (100 nM) antagonized the inhibi-
tory effect of SRIF on bFGF-induced regeneration in both rat
aortic VSMC and CHOssts cells with apparent pKg estimates
of 8.3 and 8.9, respectively. This provides further evidence that
the SRIF receptor mediating the anti-proliferative effect of
SRIF in rat aortic VSMC is similar to the human ssts, receptor
expressed in CHO-K1 cells. Whilst the estimated pKj values
for BIM-23056 at antagonizing the inhibitory effect of SRIF
on bFGF-induced re-growth were similar, they were somewhat
higher than those obtained in other functional studies in
CHOssts cells (Wilkinson et al., 1996). It is possible that the
much longer BIM-23056 contact period in this study (18 h) is
responsible for this difference but this requires investigation.

The nature of the receptor mediated transduction cascade
leading to the anti-proliferative effect of SRIF in rat aortic
VSMC and CHOssts cells is unknown. The effects were clearly
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