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1 The human recombinant somatostatin (SRIF) receptors, sst, and sst,, have been stably expressed in
mouse fibroblast (Ltk~) cells. Two stable clones, LSSR1/20 and LSSR11/13, expressing sst; and sst,
receptors, respectively, have been used to characterize these receptor types using radioligand binding
assays as well as measurements of changes in extracellular acidification rates using microphysiometry.
2 ['®I}{Tyr"}-SRIF bound to sst, and sst, receptors expressed in Ltk~ cells with high affinity, Ky
values being 1.52 nM and 0.23 nM, respectively.

3 In Ltk~ cells expressing sst, receptors, SRIF, SRIF-28, [D-Trp®]-SRIF and CGP 23996 all displaced
[***T}-[Tyr''}-SRIF binding with high potency (ICs, values of 0.43—1.27 nM) whilst seglitide, BIM-23027,
BIM-23056 and L-362855 were either weak inhibitors of binding or were ineffective.

4 In contrast MK-678 (seglitide) and BIM-23027 were the most potent inhibitors of ['*I]-[Tyr'!]-SRIF
binding in Ltk~ cells expressing sst, receptors with ICs, values of 0.014 and 0.035 nM, respectively.

5 SRIF and a number of SRIF agonists, including seglitide and BIM-23027, caused concentration-
dependent increases in extracellular acidification rates in Ltk~ cells expressing sst, receptors but not in
Ltk cells expressing sst; receptors. The maximum increase in acidification rate produced by SRIF was
11.34£0.7% above baseline (0.1-0.28 pH unit min~—'). The relative potencies of the SRIF agonists
examined in causing increases in extracellular acidification rates in Ltk~ cells expressing sst, receptors
correlated well with their relative potencies in inhibiting [*>I}-[Tyr!!]-SRIF binding (r = 0.94).

6 The increase in extracellular acidification produced by SRIF was markedly inhibited by pretreatment
of cells with pertussis toxin (100 ng ml~') indicating the involvement of pertussis toxin-sensitive G
proteins.

7 SRIF (1 uM) had no effect on basal cyclic AMP levels in Ltk~ cells expressing sst, or sst, receptors
nor did it inhibit forskolin stimulated increases in cyclic AMP levels in either cell type.

8 The results from the present study describe the operational characteristics of human sst, receptors
expressed in Ltk cells where receptor activation causes increases in extracellular acidification rates. This
receptor is coupled to a pertussis toxin-sensitive G protein. In contrast, activation of sst, receptors, at a

similar transfection density, did not cause increases in extracellular acidification rates.
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Introduction

Somatostatin (SRIF; somatotropin release inhibitory factor) is
a neuropeptide which acts as a hormone and neurotransmitter
in the peripheral and central nervous systems (Reichlin, 1983).
The diverse effects of SRIF include the inhibition of the release
of other hormones, such as insulin and growth hormone, the
inhibition of motility in the gut, antisecretory actions as well as
reductions in cardiac contractility (Reichlin, 1983; McKeen et
al., 1994; Feniuk et al., 1995). In the central nervous system,
however, SRIF has been found to stimulate the release of a
number of other neurotransmitters, including S5-hydroxy-
tryptamine (5-HT), dopamine and acetylcholine (Epelbaum,
1986).

Prior to the advent of receptor gene cloning, a number of
studies suggested the existence of two somatostatin receptor
types, SRIF, and SRIF, (Reubi, 1984; Raynor & Reisine,
1989; Raynor et al., 1991). This classification was based on the
difference in affinities of the cyclohexapeptides, MK-678 (se-
glitide) or SMS-201995 (octreotide), for two SRIF binding
sites, with SRIF; sites having a much higher affinity for segli-
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tide and octreotide than SRIF, sites. In functional studies,
SRIF receptors have been found to be coupled to a variety of
different transduction systems, including the inhibition of
adenylyl cyclase (Jakobs et al., 1983), voltage-dependent Ca?*
channels (Lewis et al., 1986) and the mobilization of in-
tracellular Ca?* (Koch et al., 1985). SRIF receptors have also
been shown to be coupled to the stimulation of voltage-de-
pendent K* channels (Yamashita et al., 1987) and protein
phosphatases (Liebow et al., 1989). Many of these effects in-
volve pertussis toxin-sensitive G proteins. In addition, SRIF
has been shown to inhibit proliferation of AR4-2J pancreatic
cells (Viguerier et al., 1989) and to inhibit the Na*/H* ex-
changer in enteric endocrine cells via a pertussis toxin-in-
sensitive pathway (Barber et al., 1989).

Genes for five distinct somatostatin receptor types, sst;—
ssts, have now been cloned (for review, see Hoyer et al., 1995).
On the basis of sequence similarity and radiolabelled ligand
binding studies, the protein products of the sst,, sst; and ssts
genes appear to belong to the SRIF, class having high affinity
for MK-678, whilst the protein products of the sst; and sst,
genes have little or no affinity for MK-678, placing them in the
SRIF, class (Hoyer et al., 1995). Each of these recombinant
receptor types have been expressed in a number of different cell
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lines, and all have been found to couple negatively to adenylyl
cyclase and, to varying degrees, positively to phospholipase C,
leading to Ca?* mobilization (Kaupmann et al., 1993; Akbar
et al., 1994; Patel et al., 1994). However, it is not known how
important these pathways are for transducing the effects of
SRIF receptor activation in whole tissues.

A number of putatively selective compounds have been
identified; BIM-23027 is reportedly selective for the sst, re-
ceptor, BIM-23056 for the sst; receptor and L-362,855 for the
ssts receptor (Raynor et al., 1993a,b). These peptides have been
used in radioligand binding assays, but have yet to be reported
as having functional activity at their respective recombinant
receptors. To date, there are no selective peptides reported for
sst; and sst, receptors. In the present study, we have expressed
the human recombinant sst; and sst, receptors in mouse fi-
broblast (Ltk™) cells. We have used these putatively selective
compounds and a number of other SRIF analogues to assess
their binding characteristics as well as their functional activities
at these two SRIF receptor types, using microphysiometry to
measure extracellular acidification rates. The effect of SRIF on
basal as well as forskolin-stimulated adenylyl cyclase activity is
also described. Preliminary accounts of some of these findings
have been presented to the British Pharmacological Society
(Castro et al., 1994, 1995).

Methods

Cloning of the human sst; and sst, receptor genes

Human cDNAs for the respective sst; and sst, receptors were
cloned by hybridization and PCR. The sst;, receptor cDNA
was isolated from a lambda library of human foetal brain
cDNAs (Strategene, 4 ZAP II). Hybridization probes were
generated from the previously published sequence (Yamada et
al., 1992). The 3500 bp cDNA insert for the sst, receptor was
transfected into plasmid pBSK (Strategene) by in vivo excision
and sequenced by exonuclease deletion (Henikoff, 1984). A
1400 bp PstI —Narl fragment, containing the entire region for
expression of the sst; receptor, was subcloned into pBKS
(Strategene) for all further manipulations.

The cDNA for the sst, receptor was isolated by PCR di-
rectly from human genomic DNA. Oligonucleotide primers,
based on the published sequence (Yamada et al., 1992), were
used to amplify a 1230 base pair fragment containing the
translated portion of the gene. This fragment was blunt li-
gated into the EcoRYV site of pBSK and sequenced by dye
terminator chemistry with specific oligonucleotides. Expres-
sion plasmids for the two receptor types were generated by
blunt ligation of fragments from the pBluescript inter-
mediates into EcoRV-linearized pBGDRdhfrNeo3 (Buell et
al., 1992).

Cell culture

Mouse fibroblast Ltk~ cells (ECACC, Porton Down, U.K.)
were grown in Dulbecco’s Modified Eagles Medium (DMEM)
supplemented with 10% foetal calf serum. Transfected cells
were selected in media containing 600 ug ml~' G418 and clo-
nal cell lines were maintained in media containing 500 ug ml~!
G418.

Expression of human sst; and sst, receptors

The expression vector, pBGDRdhfrNeo3, containing the
c¢DNA for either the human sst, or sst, receptor, was stably
transfected into mouse fibroblast (Ltk™) cells by the calcium
phosphate precipitation method (Page, 1988). Clonal cell lines
were isolated by dilution cloning and were screened for ex-
pression of either sst, or sst, receptors using ['**I}-[Tyr'']-SRIF.
Two cell lines, LSSRI/20 and LSSRII/13, expressing the hu-
man sst, and sst, receptors, respectively, were chosen for fur-
ther analysis.

Cell membrane preparation

Cells were homogenized in assay buffer (50 mM Tris-HCI
(pH 7.4), 5mM MgCl,, 10 ug ml~' leupeptin, 1 ug ml~!
soyabean trypsin inhibitor, 0.2 mg ml~! bacitracin and
0.5 ug ml~! aprotinin) in a Dounce glass: glass homogenizer
(50 strokes, 4°C). The homogenate was centrifuged at 500 g for
10 min at 4°C and the supernatant spun at 20,000 g for 30 min
at 4°C. The resultant pellet was resuspended in cold assay
buffer and stored in 1 ml aliquots at —70°C.

Radiolabelled ligand binding assays

Cell membranes (20-30 ug protein) were incubated with
0.03 nM ['®I)-[Tyr'']-SRIF and increasing concentrations of
SRIF or a SRIF analogue for 90 min at room temperature.
Non-specific binding was defined with 1 uM SRIF. The assay
was terminated by rapid filtration through Whatman GF/C
glass fibre filters soaked in 0.5% polyethylenimine (PEI), fol-
lowed by 3 x3 ml washes of 50 mM Tris-HCl pH 7.4 con-
taining 5 mg ml~! bovine serum albumin (BSA). Radioactivity
in the filters was determined using a Canberra Packard Cobra
II Auto-y counter. Data were analysed by non-linear regres-
sion using the curve-fitting programmes EBDA and LIGAND
(Munson & Rodbard, 1980; McPherson, 1985).

Cyclic AMP assays

Cells were plated out in 24-well cell culture plates at about
2.5x 10° cells per well, 48 h prior to the experiment. After
washing twice with serum-free medium, cells were pre-in-
cubated with medium containing 0.5mM  iso-
butylmethylxanthine (IBMX) for 30 min, followed by a 1 min
incubation with medium containing 10 mM forskolin in the
presence or absence of 1 uM SRIF. The assay was terminated
by the addition of 300 ul 0.5 M trichloroacetic acid which was
subsequently removed by washing with 3 x 2 ml water-satu-
rated diethyl ether. A 200 ul aliquot of the washed sample was
neutralised with 50 ul 60 mM NaHCO; and the amount of
adenosine 3':5-cyclic monophosphate (cyclic AMP) present
was analysed using ['*’I}-cyclic AMP radioimmunoassay kit
(RPA 509; Amersham International, U.K.).

Protein assay

Protein from cell membrane preparations and cyclic AMP
assay samples was determined with a bicinchoninic acid (BCA)
Protein Assay Kkit.

Measurement of cell extracellular acidification rates

Cells were seeded into Cytosensor microphysiometer cups
(Molecular Devices, Menlow Park, California, U.S.A.) at a
density of 7.5x 10° cells per cup, 18—24 h prior to the ex-
periment. Bicarbonate-free DMEM (pH 7.4) containing
0.2 mg ml~! bacitracin was used to perfuse the cells at ap-
proximately 120 ul s=!. The rate of extracellular acidification
was measured during a 30 s interval while perfusion was
stopped, followed by a washout period of 60 s. Cells were al-
lowed to equilibrate for 1 h, followed by the addition of 3 uM
uridine triphosphate (UTP) for 3 min to confirm cell viability.
SRIF was added at 21 min intervals for 10 s, prior to the
measurement period. Longer exposure times to SRIF generally
produced smaller responses. Concentration-effect (C-E) curves
to SRIF were constructed, followed 42 min later by a second
C-E curve to SRIF (control) or SRIF analogue. ECs, values
were calculated for first and second C-E curves, by fitting to a
four parameter logistic function, using the curve-fitting pro-
gramme GraphPad PRISM. In antagonist studies, cells were
perfused with media (see above) containing antagonist/in-
hibitor for 20 min prior to construction of the second C-E
curve and remained in the perfusion media throughout this
period. Concentration-ratios were calculated by dividing the
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SRIF EC;s, value in the presence of antagonist by the ECs,
value obtained prior to antagonist administration. The con-
centration ratio obtained was corrected for spontaneous
changes in agonist sensitivity by dividing this ratio by the
concentration ratio obtained in the control cup which was al-
ways close to unity (see below). For pertussis toxin studies,
cells were plated out in media containing 100 ng ml~! pertussis
toxin as above. Only one SRIF C-E curve was produced and
data were analysed as percentage of the initial UTP response.

Statistical analysis

All ICsy and ECs, values are geometric means [95% confidence
limits] of n observations. All other values are arithmetic
means ts.e.mean. Tests for statistically significant differences
were carried out with a Student’s unpaired ¢ test, and a
probability P <0.05 was considered significant.

Materials

Unless otherwise stated, all reagents were purchased from
Sigma. Dulbecco’s Modified Eagle’s Medium, foetal bovine
serum and G418 were obtained from Gibco. ['*°I]-[Tyr"']-SRIF
and cyclic AMP ['%]] assay system were purchased from
Amersham. Bicinchoninic acid (BCA) Protein Assay kit was
obtained from Pierce, U.S.A. CGP23996 (cyclo [Asu-Lys-Asn-
Phe-Trp-Lys-Thr-Tyr-Thr-Ser]), 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-NH2), L-362,855 (c[Aha-Phe-Trp-D-Lys-
Thr - Phe]), MK - 678 (c[N - Me - Ala -Tyr-D-Trp-Lys-Val-Phe])
and RC-160 (D-Phe-c [Cys-Tyr-D-Trp-Lys-Vat-Cys]-Trp-NH,)
were synthesized by Dr Kitchin’s team, Chemistry Division,
Glaxo Group Research Ltd. Octreotide, purchased as San-
dostatin, was obtained from a pharmaceutical wholesaler.

Results

Ligand affinities for the human sst; and sst, receptors

The human recombinant sst; and sst, receptor cDNAs were
stably transfected into mouse fibroblast (Ltk~) cells and
radiolabelled ligand binding assays were carried out on two
clonal cell lines, LSSR1/20 and LSSRII/13, expressing the sst,
and sst, receptor, respectively. Scatchard transformation of
competition binding data with SRIF showed that ['>*T}-[Tyr']-
SRIF binding to both receptors was of high affinity and sa-
turable. Typically, 70% specific binding was observed and no
specific binding was detected in non-transfected cells (data not
shown). Ky values of 1.52 [0.97-2.4] nM and 0.23 [0.13-
0.42] nM (mean values [95% confidence limits]), and B, va-
lues of 504+ 70 fmol mg~! protein and 363+ 57 fmol mg~!

protein (mean values+s.e.mean) were calculated for ['*°I}-
[Tyr'']-SRIF binding to LSSRI/20 and LSSRII/13 cell mem-
branes, respectively (Figure 1).

Competition studies were carried out with a number of
SRIF analogues, including some putatively receptor-selective
compounds (Table 1; Figure 2). The sst, receptor-selective
peptides, MK-678 and BIM-23027, showed no measurable
affinity for the sst; receptor, but bound with high affinity to the
ssty receptor. BIM-23056, the putative sst3 receptor-selective
peptide, bound with very low affinity to the sst; receptor, but
had no measurable affinity for the sst, receptor. The ssts-re-
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Figure 1 Scatchard plot of ['2°I}-[Tyr!!]-SRIF binding to (a) LSSRI/
20 and (b) LSSRII/13 cell membranes. Cell membranes were
incubated with 0.03nM ['2°I}-[Tyr'!]-SRIF and increasing concentra-
tions of SRIF, as described in the text. The ordinate scale represents
bound divided by free radioligand expressed as fmolmg~'nm~!. The
data are from one representative experiment of five.

Table 1 Competition studies in LSSRI/20 and LSSRII/13 cell membranes with [I'2%}-[Tyr!'!}-SRIF

LSSRIj20 LSSRII/I3
ICsp (nM) Hill slope ICsp (nM) Hill slope
SRIF 0.68 [0.31-1.47] 090+0.05  0.16 [0.11-0.24]  0.98+0.07
SRIF-28 0.64 [0.37-1.13] 0.83+0.07  0.072 [0.012-0.43)]  0.85+0.10
BIM-23027 >1000 0.035 [0.006-0.21]  0.74+0.09
MK-678 > 1000 - 0.014 [0.007-0.027]  0.58+0.05
L-362,855 269.1 [191.8-377.5]  0.98+0.19 19.44 [8.0-47.2]  0.73%0.17
[Tyr'']-SRIF 043  [0.09-1.99] 0.93 +0.08 0.064 [0.024-0.166] 0.79+0.05
[D-Trp®-SRIF 0.54 [0.14-2.05]  0.85+0.09  0.04 [0.01-0.13]  0.85+0.06
CGP23996 127 [094-1.71]  0.61+0.04 031 [0.11-0.87]  0.63+0.02
BIM-23056 437.4 [213.6-8959]  0.88+0.08 >1000 -

Values shown are mean ICsp, nM [95% confidence limits] and mean Hill slopes +s.e.mean, n>3. Note that BIM-23027 and MK-678
displayed no affinity for the sst; receptor while BIM-23056 was devoid of quantifiable affinity for the sst, receptor.
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ceptor selective peptide, L-362,855, also had very low affinity
for the sst; receptor, but bound with relatively moderate affi-
nity to the sst, receptor.

Investigation of the coupling of human sst; and sst,
receptors to changes in cyclic AMP production

The two clonal cell lines, LSSRI/20 and LSSRII/13, were
used to investigate the effect of SRIF on basal and forskolin-
stimulated increases in cyclic AMP production. The basal
levels of cyclic AMP in these cell lines were 13.8+1.0 and
13.6+0.7 pmol cyclic AMP mg~! protein, respectively (va-
lues are mean+s.e.mean, n=>35). Incubation with forskolin
(10 uM) for 1 min increased cyclic AMP levels by 119+9%
and 106+ 12%, respectively (Figure 3). SRIF (1 uM) had no
effect on basal cyclic AMP production in either cell line and
did not affect forskolin-stimulated increases in cyclic AMP
(Figure 3).

Extracellular acidfication rate measurements in LSSRI/
20 and LSSRII/13 cells

The effects of a number of SRIF analogues on the extracellular
acidification rates of the cells expressing sst, and sst, receptors
were investigated. In both cell lines, basal acidification rates
for the density of cells used were 100-280 uV s~!' (0.1-
0.28 pH units min~'). UTP (3 uM) produced increases in ex-
tracellular acidification rates in LSSR1/20 and LSSRII/13 cells
(Figure 4) of 43.7+5.1% (n=3) and 59.7+3.7% (n=18)
above baseline, respectively. SRIF (0.3-3000 nM) caused

concentration-dependent increases in extracellular acidifica- .

tion rates in LSSRII/13 (Figure 4) cells but not LSSR1/20 cells.
Maximum increases of 11.3+0.7% (n=18) above baseline
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were seen for the first SRIF C-E curve using LSSRII/13 cells.
Successive C-E curves to SRIF were highly reproducible with
ECs, values for first and second SRIF C-E curves of 8.1 nM
[6.4—10.3] and 6.8 nM [5.6—8.2], respectively (n=30).

A series of SRIF analogues were examined for their effects
on the rate of extracellular acidification in LSSRII/13 cells
expressing the sst, receptor (Table 2; Figure 5). The rank order
of potencies observed for the peptides used was similar to that
seen in the radiolabelled ligand binding assays. The most potent
compounds were MK-678 and BIM-23027, while L-362,855
had lower potency than SRIF. Although some of the calculated
C-E curve maxima were found to be higher than that of SRIF,
none was significantly different. BIM-23056 and the putative
somatostatin receptor antagonist, CPP (cyclo(7-aminohepta-
noyl-Phe-D-Trp-Lys-Thr[Bzl]), had little or no effect on basal
acidification rates. In addition, neither BIM-23056 nor CPP
(1 uM) had any significant effect on SRIF-mediated increases in
acidification rates (corrected concentration-ratios of 1.8 [0.9—-
3.5] and 0.3 [0.1-1.4], respectively; Figure 6).

Changes in rates of extracellular acidification of LSSRII/13
cells incubated for at least 18 h with 100 ng ml~' pertussis
toxin were also investigated. The responses to UTP were not
different either in the absence or presence of pertussis toxin
(67.7+3.1% and 68.21+2.0% (n=4) above baseline, respec-
tively). In contrast, the maximum response to SRIF was
markedly and significantly reduced, from 14.5+0.8% to
6.4+1.4% of the UTP response (Figure 7).

Discussion

A number of studies have been undertaken to investigate the
operational characteristics of the various recombinant soma-
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Figure 2 Competition studies of SRIF analogues to (a) LSSRI/20 and (b) LSSRII/13 cell membranes. Cell membranes (20—30 ug
protein) were incubated with 0.03 nM ['2I}-[Tyr''J-SRIF and increasing concentrations of SRIF (H), SRIF-28 (¥), BIM-23027 (@),
[Tyr'}}-SRIF (@), [D-Trp%-SRIF (0), L-362,855 (V), BIM-23056 (O), MK-678 () and CGP23996 (A), as described in the text.

The data are from one representative experiment of at least three.
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tostatin receptor types. These have been carried out in various
cell lines using human, rat and mouse receptors. In some
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Figure 3 Effect of forskolin in the presence and absence of SRIF on
cyclic AMP production in (a) LSSRI/20 and (b) LSSRII/13 cells.
Cells were plated out in 24-well cell culture plates and incubated with
10 uMm forskolin in the presence or absence of 1uM SRIF (i) basal
cyclic AMP formation; (ii) cyclic AMP formation in the presence of
10 uM forskolin; (iii) basal cyclic AMP formation in the presence of
1 um SRIF and (iv) cyclic AMP formation in the presence of 10 um
forskolin and 1umM SRIF. The data shown are the mean+s.e.mean,

n=S5.
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Figure 4 Actual recordings showing the effect of (a) 3 uM UTP and
(b) sequential concentrations of SRIF from 0.3-300nM on the
extracellular acidification rates of LSSRII/13 cells measured in the

microphysiometer.

studies, receptor types have been compared, which have ori-
ginated from different species. Even though there is high

Table 2 Potencies of SRIF analogues at increasing extra-
cellular acidification rates of LSSRII/13 cells in the micro-
physiometer

EC5y (nM) Hill slope
SRIF [1] 8.1 [6.4-10.3)] 1.3£0.1
SRIF [2] 6.8 [5.6-8.2] 1.1£0.1
SRIF-28 254 [14.8-434]  0.9+0.1
Octreotide 49 [2.9-8.4] 1.1£0.1
BIM-23027 0.2 [0.1-04]  09+0.1
MK-678 0.3 [0.1-0.6] 1.1£0.2
L-362,855 203.6 [65.6—632.4] 1.2£0.1
[D-Trp®)-SRIF 3.1 [1.8-5.4] 0.9+0.1
Angiopeptin  18.5  [8.9-39.1] 1.3£0.3
CGP23996 172 [5.0-58.7] 1.2£0.2
RC-160 9.5 [3.7-24.7] 1.1£0.2
BIM-23056 > 10,000 -
CPP > 10,000 -

Values shown are mean ECsy, nM [95% confidence limits)
and mean Hill slopes %+ s.e.mean, n>4. SRIF [1] and SRIF [2]
denote values for the first and second SRIF concentration-
effect curves. Note that BIM-23056 and CPP had little
activity in concentrations up to 10 uM.

% first SRIF curve maximum
8
T -2

10 9 8 7 6 5
—log,o [Agonist] (m)

Figure 5 Concentration-effect (C-E) curves to SRIF analogues on
LSSRII/13 cells using the microphysiometer to measure extracellular
acidification rates. Cells were plated out into microphysiometer cups
and assayed as described in the text. Graph (a) shows C-E curves for
SRIF (M), SRIF28 (V¥), octreotide (¢), BIM-23027 (@), MK-678
(0), BIM-23056 (A) and L-362,855 (V). Graph (b) shows C-E
curves for SRIF (M), [D-Trp®]-SRIF (W), angiopeptin (), CPP (@),
CGP23996 (O) and RC-160 (A). The data shown are the
mean +s.e.mean, n>4.
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Figure 6 Concentration-effect curves to SRIF on LSSRII/13 cells in
the absence (filled symbols) and presence (open symbols) of (a) 1 um
BIM-23056 and (b) 1 uM CPP using the microphysiometer to measure
extracellular acidification rates. Cells were plated out into micro-
physiometer cups and assayed as described in the text. The data
shown are the mean+s.e.mean, n=5. Note that neither compound
antagonized the effects of SRIF significantly.

homology between receptor types from different species, var-
iations in receptor structure could result in differences in li-
gand binding affinities or G protein coupling. In this study, the
human recombinant somatostatin receptors, (sst; and sst,)
have been expressed in mouse fibroblast (Ltk ™) cells. As well
as the quantification of the binding affinities of a number of
SRIF analogues, including some compounds which are puta-
tively selective for sst,, sst; or ssts receptors (Raynor et al.,
1993a,b), we have investigated whether these peptides have
functional properties at the human sst; and sst, receptor.
Two clonal cell lines, LSSRI/20 and LSSRII/13, expressing
the human sst; and sst, receptor, respectively, were used.
Scatchard transformation of competition binding data with
SRIF suggested that ['>I)-[Tyr!']-SRIF binding was saturable
and best fitted a one-site model, indicative of an homogeneous
population of binding sites in each of these cell lines. SRIF,
SRIF28, [Tyr']-SRIF, [D-Trp®]-SRIF and CGP23996 all
bound with high affinity to both receptor types. However, MK-
678, a hexapeptide previously shown to distinguish between
SRIF, and SRIF, binding sites, had high affinity for the sst,
receptor in LSSRII/13 cell membranes but not for sst, receptors
in LSSRI/20 cells. This was also the case for the putative sst,
receptor-selective hexapeptide, BIM-23027. In this study, MK-
678 and BIM-23027 showed approximately the same affinity
for the sst, receptor expressed in LSSRII/13 cells havinga 3—10
fold higher potency than SRIF. However, in a previous study
by Raynor and colleagues (Raynor et al., 1993a) BIM-23027
showed a 180 fold higher affinity than MK-678 for the mouse
sst, receptor expressed in CHO (DG44) cells. It is possible that
this difference in the potency of BIM-23027 compared with
MK-678 could reflect a species difference. Although the results
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Figure 7 Concentration-effect curves for SRIF on LSSRII/13 cells
incubated in the absence (M) and presence ([J) of pertussis toxin
(100ngml~?) using the microphysiometer to measure extracellular
acidification rates. Cells were plated out into microphysiometer cups
and assayed as described in the text. The data shown are the
mean+s.e.mean, n=4.

from our study on the human sst, receptor expressed in Ltk~
cells show MK-678 to have a higher affinity than SRIF for the
human sst, receptor, another study has shown that MK-678
and SRIF have similar potencies on the human sst, receptor
expressed in CHO-K1 cells (Patel & Srikant, 1994). Whether
this difference can be attributed to the different cell line or to the
different radioligand used is unknown.

The affinities of the putative sst; receptor-selective linear
peptide, BIM-23056, and the putative ssts receptor selective
ligand, L-362,855, for the human sst, and sst, receptors in
LSSRI/20 and LSSRII/13 cells were also measured. Both
peptides showed very low affinity for the sst, receptor, while L-
362,855 showed some affinity for the sst, receptor. These
findings are also at variance with the first reports on these
peptides (Raynor et al., 1993a,b) where BIM-23056 and L-
362,855 had no affinity for the sst, receptor. The study by Patel
& Srikant (1994) also demonstrated low affinity binding of
BIM-23056 to the sst; receptor. Since there were differences in
the cell lines, species, and the radioligand binding protocol
used in this study and the others, further investigations would
be required to ascertain the reason for the differences reported
in the relative affinities of these key peptides. Clearly some
circumspection appears necessary in the use of these receptor
selective ligands as probes with which to characterize SRIF
receptors expressed in native tissue.

Somatostatin receptors have been shown to couple nega-
tively to adenylyl cyclase in a number of different cell types,
including CHO, HEK293 and COS cells (Kaupmann et al.,
1993; Akbar et al., 1994; Patel et al., 1994) whilst other studies
have shown a lack of coupling (Yasuda et al., 1992; Rens-
Domiano et al., 1992). In our study, neither sst; nor sst, re-
ceptors expressed in LSSRI/20 and LSSRII/13 cells, respec-
tively, mediated changes in the level of cyclic AMP. A previous
study using human sst, and mouse sst, receptors expressed in
mouse fibroblast (Ltk~) cells showed that these receptors
coupled negatively to adenylyl cyclase via a pertussis toxin-
sensitive mechanism (Hou et al.,, 1994). There is even con-
flicting data in the literature from studies where the same re-
ceptor type and cell line was used (Rens-Domiano et al., 1992;
Kagimoto et al., 1994). The reason for these inconsistencies is
unclear. The G protein and adenylyl cyclase complement in the
cells used in both sets of studies would be expected to be the
same, since the same parental cell line was used. However, it is
conceivable that the transfection process itself caused changes
to the expression of other proteins necessary for the trans-
duction system in question.

The microphysiometer measures extracellular acidification
as a means of monitoring cell metabolism (McConnell et al.,
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1992). During normal cell metabolism, acidic products are
produced and are released into the extracellular environment.
Changes in cellular metabolism and/or H* exchange due to the
binding of hormones or neurotransmitters to cell surface re-
ceptors can be monitored by the microphysiometer and this
approach was used to investigate the functional characteristics
of the human sst; and sst, receptors in LSSRI/20 and LSSRII/
13 cells, respectively.

For both cell lines, UTP produced robust and consistent
increases in the rates of extracellular acidification. However,
somatostatin caused concentration-dependent increases in
acidification rate in LSSRII/13 cells, expressing sst, receptors,
but not in LSSRI/20 cells, expressing sst; receptors. The
maximum increases seen with SRIF were approximately 19%
of those seen with UTP. Two consecutive C-E curves to SRIF
were highly reproducible in a single channel and first curves
were also reproducible between channels. A number of SRIF
analogues could therefore be compared to SRIF for functional
activity at the sst, receptor in LSSRII/13 cells using this sys-
tem. Most of the peptides used displayed agonist actions at this
receptor. MK-678 and BIM-23027 were the most potent,
having similar ECs, values, while L-362,855 had lower potency
than SRIF. BIM-23056 and CPP, a putative SRIF receptor
antagonist, had little or no effect and neither of these com-
pounds was found to antagonize SRIF-mediated responses.

The relative potencies (ECs, values) of the SRIF agonists
examined at causing increases in extracellular acidification
correlated well with corresponding relative affinity estimates
(ICs values) obtained from the ligand binding studies (r=0.94,
see Table 2). This suggests that the functional characteristics of
the LSSRII/13 cells are due to the transfected sst, receptor
which effectively couples to a receptor-response system in these
cells. To address this further, LSSRII/13 cells were pre-in-
cubated with 100 ng ml~! pertussis toxin prior to analysis in
the microphysiometer. The response to UTP was unaffected,
but the SRIF-mediated response was reduced by approxi-
mately 56%. This indicates that the responses seen with SRIF
are, in part at least, mediated by a process involving a pertussis
toxin-sensitive G protein. These results also show that the re-
sponses seen with UTP and SRIF are likely to be mediated by
different transduction systems since the magnitude of the re-
sponses and their sensitivities to pertussis toxin were very
different. Despite the fact that there was a good correlation
between the rank orders of the affinity estimates from the li-
gand binding studies and the potentices of the agonists in
causing increases in extracellular acidification rates, it is no-
teworthy that in every case the binding estimates (ICs, values)
were much lower than their equivalent agonist potency esti-
mates (ECs, values) assessed by microphysiometry. This im-
plies that the agonists occupied most of the receptor
population in order to produce detectable changes in extra-
cellular acidification rates, which in turn suggests that either all
the receptors were poorly coupled to the transducer process or
that only a proportion was coupled. Alternatively, since ago-
nist binding to the sst, receptor is known to be inhibited by
GTPyS (Yasuda et al., 1992; Rens-Domiano et al., 1992), it
may be that the absence of significant levels of GTP in the
binding studies on membranes has converted the transfected
sst, receptors to a high affinity state.

The studies with pertussis toxin are also interesting in the
light of another study using human sst, and mouse sst, receptors
expressed in mouse fibroblast (Ltk~) cells (Hou ez al., 1994)
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