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Abstract

� w Ž . w . x 4The effect of 2- 4- 4-chloro-2,5-dimethoxy-phenyl -5- 2-cyclohexyl-ethyl -thiazol-2-ylcarbamoyl -5,7-dimethyl-indol-1-yl -acetic acid
Ž . Ž .SR146131 , a novel non-peptide agonist of cholecystokinin CCK CCK receptors, was compared to the effect of sulphated1

Ž .cholecystokinin octapeptide CCK-8-S on CCK receptors of the human neuroblastoma cell line IMR-32. SR146131 inhibited1
w125 x 2qI CCK-8-S binding to IMR-32 cells at nanomolar concentrations. SR146131 and CCK-8-S increased intracellular free Ca levels
Žw 2qx . Ž . w 2qxCa in the same concentration range EC s6"2.3 and 1.3"0.14 nM, respectively . Although the shape of the Ca increasei 50 i

induced by CCK-8-S and SR146131 was slightly different, extracellular Ca2q removal affected the response of both compounds to a
similar degree, and the response of both compounds was essentially due to Ca2q release from intracellular stores. This was also

w 2qx w 2qxconfirmed by measuring the Ca response of single cells: both compounds induced Ca oscillations at subnanomolar concentra-i i
w 2qx Žtions and elicited a large peak increase in Ca at higher concentrations EC s0.5"0.04 and 5.7"1.9 nM for CCK-8-S andi 50

.SR146131, respectively . Both CCK-8-S and SR146131 induced a sustained increase of phosphoinositide turnover in these cells, and
Ž .acted at similar concentrations EC s2.7"0.7 and 6"3.1 nM, respectively , although the maximal effect of SR146131 was somewhat50

lower than the effect of CCK-8-S. These data show that SR146131 activates human CCK receptors on IMR-32 cells in a manner and1

with a potency similar to that of CCK-8-S. q 2000 Elsevier Science B.V. All rights reserved.

w 2qx Ž .Keywords: Cholecystokinin; SR146131; Ca ; Phosphoinositide turnover; Binding; Humani

1. Introduction

Ž .Cholecystokinin CCK , released into the circulation
after a meal, exerts numerous effects at different levels of

Žthe digestive apparatus, acting through either CCK gall1
. Ž . Žbladder, pancreas or CCK stomach, brain receptors for2

.review see Crawley and Corwin, 1994 . Selective antago-
Žnists of CCK devazepide, Chang and Lotti, 1986;1

.SR27897B, Gully et al., 1993 and CCK receptors2
ŽL365260, Lotti and Chang, 1989; PD134308, Hughes et

. Žal., 1990 have been described for review see Mahovec,
.1993; D’Amato et al., 1994 and because of their possible

Ž .use as regulators of food intake Gibbs et al., 1973 , CCK1

) Corresponding author. Tel.: q33-5-6116-2361; fax: q33-5-6116-
2286.
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receptor agonists have generated a considerable interest.
Selective non-peptide agonists of these receptors have
appeared recently in the literature but, due to their pharma-
cokinetics, these compounds showed poor pharmacological

Ž .efficacy Aquino et al., 1996; Henke et al., 1997 . In this
� w Ž . wrespect, 2- 4- 4-Chloro-2,5-dimethoxy-phenyl -5- 2-cy-

. xclohexyl-ethyl -thiazol-2-ylcarbamoyl -5,7-dimethyl-indol-
4 Ž .1-yl -acetic acid SR146131 has been recently described

to be as potent as CCK-8-S in several models of gall
bladder and gastric emptying as well as on food intake in

Ž .rats and marmosets Bignon et al., 1999b . In vitro,
SR146131 inhibits sulphated cholecystokinin octapeptide
Ž .CCK-8-S binding to human CCK receptors at nanomo-1

w 2qxlar concentrations, and induces Ca increase and phos-i

phoinositide turnover both in human CCK receptor-trans-1

fected cells, and in human cells naturally expressing CCK1
Ž .receptors Bignon et al., 1999a . However, a detailed

comparison of SR146131 with CCK-8-S on human CCK1

0014-2999r00r$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.
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receptors in a human cell environment has not yet been
reported, athough it is well known that at least some
aspects of CCK receptor activation differ between human1

CCK receptors transfected into animal cells and those1
Žnaturally expressed in neuroblastoma cells Rao et al.,

.1997 .
Here, we have therefore compared the effect of

SR146131 and CCK-8-S on IMR-32 cells, a human neu-
roblastoma cell line in which we have already charac-

Žterised the presence of CCK receptors Schaeffer et al.,1
.1994 .

2. Materials and methods

2.1. Materials

Ž .Minimum essential medium MEM was from Sigma
Ž . w Ž .27 xSaint Quentin Fallavier, France . Tyr SO H cholecys-3

Ž .tokinin fragment 26–33 amide CCK-8-S was either from
Ž .Sigma or from Neosystem Strasbourg, France . Fetal calf

serum and human fibronectin were from Boehringer
Ž . w3 x Ž .Meylan, France . myo- H inositol 100 Cirmmol and

Žw125 x . ŽBolton-Hunter-labeled CCK-8-S I CCK-8-S 2000
. Ž .Cirmmol were from Amersham Les Ulis, France . De-

vazepide, L365260, PD134308, SR27897B, and SR146131
Žwere synthesised at Sanofi Recherche Toulouse and

.Montpellier, France . The acetoxymethyl ester of fura-2
Ž . Žfura-2rAM was from Molecular Probes Interchim,

.Montluçon, France .

2.2. Cell culture

IMR-32 cells were obtained from the American Type
Ž . Ž .Culture Collection Rockville, USA ATCC, CCL 127 .

IMR-32 cells were routinely cultured in 75 cm2 flasks in
Ž .MEM Eagle with Earle’s salts, non-essential amino acids,

Ž .and 5% or 10% optimised for each batch foetal calf
Žserum and antibiotics penicillin 100 IUrml, streptomycin

.100 mgrml .

2.3. Binding experiments

Confluent cell monolayers were preincubated for 30
min with competitors and then incubated for 1 h at 378C

w125 x Žwith 1.2 nM of I CCK-8-S specific activity reduced to
.267 Cirmmol by unlabeled CCK-8-S in modified physio-

Ž . Žlogical salt solution PSS composition: NaCl 145 mM,
KCl 5 mM, MgCl 1 mM, CaCl 1 mM, glucose 5.6 mM,2 2

.HEPESrNaOH 5 mM; pH 7.4 containing bovine serum
albumin 1 grl and bacitracin 100 mgrl. The reaction was
stopped by three rapid washes with ice-cold PSS, cells
were digested with NaOH and radioactivity in the resulting
solution determined in a g counter. Non-specific binding
was assessed by addition of 1 mM of unlabeled CCK-8-S.
Experimental results were analysed by an in-house binding

Žanalysis program similar to LIGAND Munson and Rod-
.bard, 1980 .

2.4. Cytosolic free Ca2 q measurements on cell popula-
tions

Neuroblastoma cells cultured in 75 cm2 flasks were
detached with a non-enzymatic cell dissociation solution
Ž .Sigma , scraped from the flasks, centrifuged and resus-

Ž .pended in PSS containing fura-2rAM 1 mM and incu-
bated at 378C for 30 min. The cell suspension was then
diluted five times with PSS, and incubated for a further 60
min at 378C. After two washes with PSS to remove
extracellular fura-2, cells were resuspended in PSS and
kept in the dark at room temperature. Experiments were
carried out under constant stirring in a PTI spectrofluorom-
eter using about 300,000 cells in 3 ml fluorescence cu-
vettes at 378C. Results were corrected for extracellular

w 2qxfura-2 by the manganese quench method and Ca wasi
Ž .calculated as described by Grynkiewicz et al. 1985 .

Ž .CCK-8-S 100 nM was always tested in parallel with
w 2qxSR146131 and results expressed relative to the Ca i

increase induced by CCK-8-S.

[ 2 q]2.5. Single cell Ca measurementsi

Cells were plated into 35-mm diameter fibronectin-
coated Petri culture dishes in which a 16-mm diameter
hole had been cut in the base and replaced by a thin glass
coverslip stuck with a silicon glue. After 4–6 days of
culture, 3 ml fura-2rAM taken from a 3 mM stock solu-
tion in DMSO was loaded into the cells for 20 min at 208C
in the dark, at a final concentration of 3 mM in 2 ml of a

Ž .HEPES–Ringer buffer HR pH 7.4, containing 145 mM
NaCl, 5.6 mM KCl, 1 mM MgCl , 2.5 mM CaCl , 1 mM2 2

NaH PO , 5 mM glucose, 10 mM HEPES, and 0.1%2 4

bovine serum albumin. Cells were washed twice with the
same buffer before addition of 0.4 ml HR containing 1
mM CaCl , 0.1% bovine serum albumin and 0.1% DMSO,2

and the dish was placed on the plate of the microscope.
The bath was continuously perfused at ;2 mlrmin

using a peristaltic pump equipped with silicon-coated tubes.
The buffer was warmed to 378C by passing through a
temperature-controlled heating-coil placed immediately be-
fore the cells. Before beginning the recording, cells were
perfused for 2–4 min with the buffer. After a stable basal

Ž .period 1 min 30 s , cells were exposed for at least 3 min
to the concentration of the drug to be tested.

Digital imaging was performed using an IMSTAR
Ž .Paris, France imaging system as previously described
Ž . w 2qxBignon et al, 1999a . The Ca values were calculatedi

from the 350r380-nm fluorescence ratios as described by
Ž .Grynkiewicz et al. 1985 .

Except when their intracellular free calcium levels were
extraordinarily high or unstable, every cell in the field of

Ž .the digitised image 30–75 cellsrexperiment was quanti-
w 2qxfied. The Ca values generated by the IMSTAR STAR-i
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WISE FLUO software were transferred into an Excel
w 2qxsoftware. This software first expressed free Ca as ai

Žpercentage of basal levels calculated as the mean of the
.10 first values and then allowed displaying and printing of

w 2qxCa in each cell for individual analysis. Depending oni

the pattern of their responses, the cells were classified as
non-responding, oscillating or peaking cells. EC values50
Ž w 2qxconcentration of the drugs inducing peaks in Ca ini

.50% of the cells were calculated using the Fig. PrP. Fit
Ž .software BIOSOFT, Cambridge, UK .

2.6. Phosphoinositide turnoÕer measurements

Confluent cell monolayers in 35 mm dishes were incu-
bated for 24 h in normal culture medium containing 5

w3 xmCirml of myo- H inositol. Medium was then aspirated,
the cell monolayers were washed twice with phosphate-

Ž .buffered saline PBS and incubated for 30 min with
normal medium containing antagonists or vehicle and 20
mM LiCl. Cells were then stimulated in the same medium
with different concentrations of SR146131 or CCK-8-S for
an additional 120 min at 378C. At the end of the incubation
period, the buffer was aspirated and the cells were ex-

Ž .tracted with an ice-cold methanolrHCl 0.1 N 50:50
solution for 30 min. Extracts were then neutralised with 1

w3 xM Na CO , and H inositol monophosphate separated as2 3
Ž .described by Berridge et al. 1983 using columns contain-

Ž .ing 1 ml of AG1-X8 Biorad, Ivry sur Seine, France resin.

3. Results

w125 xAs shown previously, I CCK-8-S binding to IMR-32
cell monolayers was inhibited by the specific CCK recep-1

Ž . Ž . Ž .Fig. 1. Effect of devazepide ' , SR27897 I , and SR146131 l on
w125 xI CCK-8-S binding to IMR-32 cell monolayers. IMR-32 cells were

w125 xincubated with compounds for 30 min before addition of I CCK-8-S,
and a further incubation of 60 min at 378C. Results are expressed as a
percentage of specific binding observed under control conditions and are
from one experiment representative of two experiments performed in
duplicate. Non-specific binding represented from 20% to 25% of total
binding under these conditions.

Ž . Ž . w 2q xFig. 2. Effect of CCK-8-S A and SR146131 B on Ca in IMR-32i

cell suspensions. Fura-2-loaded IMR-32 cells were exposed to agonist at
w 2q x378C and Ca was measured as the increase of fluorescence ratioi

F rF as described under Section 2. Results are expressed as a340 380
w 2q xpercentage of the maximal response determined at the peak of the Ca i

increase. The results are from one experiment representative of a total of
three experiments. The solid line represents a fit of the logistic equation
to the data.

tor antagonists SR27897B and devazepide at low concen-
w125 xtrations, confirming that I CCK-8-S binds to CCK1
Ž .receptors in this cell line Fig. 1; Schaeffer et al., 1994 .

w125 xSR146131 inhibited I CCK-8-S binding at low concen-
Ž .trations K s10 and 24 nM in two different experimentsi

showing that it interacts with human CCK receptors on1
Ž .IMR-32 cells Fig. 1 .

We have previously shown that activation of CCK1

receptors by CCK-8-S or SR146131 results in an increase
w 2qx Ž .of Ca in IMR-32 cells Bignon et al., 1999a . In orderi

to further characterise the effect of SR146131 in compari-
w 2qxson to CCK-8-S, its effect on Ca was determined ini

parallel with the effect of this peptide. As shown in Fig. 2,
CCK-8-S, and SR146131 acted at similar concentrations to

w 2qx Žincrease Ca in populations of IMR-32 cells EC s6i 50
Ž . ."2.3 and 1.3"0.14 nM, ns3 , respectively , but the

maximal response of SR146131 represented only 39"3
Ž .ns3 of the maximal response of CCK-8-S. In order to
determine whether SR146131 and CCK-8-S acted through
the same receptors, the effect of specific CCK and CCK1 2

w 2qxreceptor antagonists on the Ca response was assessed.i

Both the CCK receptor antagonists devazepide and1

SR27897, and the CCK receptor antagonists L3652602

and PD134308 were able to inhibit in a concentration-de-
w 2qxpendent manner the Ca increase induced by CCK-8-Si

Ž .100 nM, not shown , with the following rank order of
Ž . Žpotency IC "S.E.M., nM, ns2–4 : devazepide 0.1050
. Ž . Ž" 0.012 s SR27897 0.12 " 0.058 4 L365260 54 "

. Ž .23 )PD134308 1000"540 . Both CCK receptor an-1

tagonists were 500 times more potent than the CCK 2

receptor antagonist L365260, and around 10,000 times
more potent than PD134308. Similar results were obtained
concerning the inhibitory effect of the antagonists on the
w 2qx Ž .Ca increase induced by SR146131 10 nM, not shown .i

ŽThe rank order of potency was IC "S.E.M., nM, ns50
. Ž . Ž .3–4 : SR27897 0.23"0.066 sdevazepide 0.26"0.13

Ž . Ž .4 PD134308 770 " 160 s L365260 2000 " 1600 .
Again, both CCK receptor antagonists were equiactive1
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Ž . Ž . w 2qx 2qFig. 3. Effect of CCK-8-S 100 nM, A and SR146131 30 nM, B on Ca in IMR-32 cells in the presence and absence of extracellular Ca .i
2q Ž .Fura-2-loaded IMR-32 cells were preincubated either in normal medium or in Ca -free EGTA 200 mM -containing solution for 1 min before exposure to

Ž . w 2qxthe agonist arrow at 378C. Ca was measured as the increase of fluorescence ratio F rF as described under Section 2. The results are from onei 340 380
2q Ž . 2q Ž . w 2qxexperiment representative of two to three experiments. Inset: effect of Ca -free EGTA medium and Ni 1 mM pretreatment on Ca increasei

Ž . Ž .induced by CCK-8-S a or SR146131 b . Results are expressed as a percentage of the effect of each agonist under control conditions and are the
mean"S.E.M. of two to three experiments.

and were around 10,000 times more potent than the two
CCK receptor antagonists. These data therefore provide2

conclusive evidence that both CCK-8-S and SR146131
w 2qxinduce an increase in Ca in IMR-32 cells by actingi

specifically on CCK receptors.1

However, the profile of the response to CCK-8-S dif-
fered from the response to SR146131: CCK-8-S induced a
response which was transient, whereas SR146131 induced

w 2qx Ž .a longer-lasting increase of Ca Fig. 3 . Interestingly,i
w 2qxit has been shown for different agonist-induced Ca i

responses that transient increases are often mediated by
intracellular Ca2q, whereas sustained responses are due to

2q ŽCa influx Colden-Stanfield et al., 1987; Lambert and
.Nahorski, 1990 . In order to determine whether this differ-

ence in response kinetics was actually due to a difference
in intracellular Ca2q mobilisation or in extracellular Ca2q

influx, the effect of maximally active concentrations of
CCK-8-S and SR146131 was determined after 1 min of
incubation in Ca2q-free medium containing the Ca2q

Ž . 2qchelator EGTA 200 mM . Under these conditions, Ca
w 2qxinflux was abolished and the resulting Ca responsesi

reflected the contribution of intracellular Ca2q release
only. As shown in Fig. 3, although the responses of both
agonists were strongly decreased in the presence of EGTA,

w 2qxthe decrease in Ca response was of similar magnitudei
Ž Žfor CCK-8-S and SR146131 29"1% and 37"5%, ns

. . w 2qx2–3 , respectively . This suggested that part of the Ca i

response of both agonists was due to Ca2q influx. This
point was further addressed by studying the effect of Ni2q,
which acts as an effective blocker of Ca2q channels, and

can thus also be used to determine the component of
w 2qx 2q ŽCa increase ascribed to Ca influx Merritt et al.,i

Ž . 2qFig. 4. Effect of the addition of CCK-8-S 100 nM and the Ca
Ž .ionophore ionomycin 10 mM on fura-2 fluorescence levels at 340 and

2q Ž380 nm excitation wavelength in the presence of extracellular Mn 1
.mM . Fura-2-loaded IMR-32 cells were exposed to the agonists at 378C

2q Ž .in the presence of Mn 1 mM . Results show fura-2 fluorescence
intensity at 510 nm after excitation at 340 and 380 nm. The dotted lines
represent a linear fit to the basal fluorescence decrease before the addition

Ž .of agonist. The arrow represents the addition of CCK-8-S 100 nM or
Ž .ionomycin 10 mM . The results are from one experiment representative

of two experiments.
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. 2q Ž .1989 . Interestingly, preincubation with Ni 1 mM had
no significant effect on the response of either CCK-8-S or

Ž . 2qSR146131 Fig. 3 , suggesting that stimulated Ca influx
through Ni2q-sensitive channels did not play a role in the
w 2qxCa response to CCK receptor activation. Anotheri 1

means of studying the implication of Ca2q influx is the
use of Mn2q, which interacts with fura-2 in a manner
similar to Ca2q, but quenches fura-2 fluorescence once
associated to fura-2. Since Mn2q permeates through Ca2q

channels, opening of Ca2q channels results in Mn2q influx
which quenches intracellular fura-2 fluorescence and can

2q Žthus be used to indirectly determine Ca influx Merritt
. 2qet al., 1989 . As shown in Fig. 4, in the presence of Mn

Ž .1 mM , there was a slight but steady decrease of fura-2
fluorescence. CCK-8-S induced an increase in fura-2 fluo-
rescence at the excitation wavelength of 340 nm and a
concomitant decrease at the excitation wavelength of 380
nm, as would be expected by a compound increasing
w 2qx Ž .Ca , but neither CCK-8-S nor SR146131 not showni

increased the rate of decrease of fura-2 fluorescence, show-

ing that they did not induce Mn2q influx into the cells.
2q Ž .The Ca ionophore ionomycin 10 mM however was

very effective and abolished fura-2 fluorescence at both
excitation wavelengths in less than 1 min.

w 2qxCa measurements in single pancreatic cellsi
Ž .Matozaki et al., 1990 have shown that low concentrations

w 2qxof CCK-8-S induce Ca oscillations in these cells,i

whereas higher concentrations elicit large isolated peak
responses. Compounds like CCK-JMV-180 however only

w 2qxinduce Ca oscillations and are unable to elicit peaks,i
Ž .even at high concentrations Matozaki et al., 1990 .

SR146131 was therefore also compared to CCK-8-S on the
w 2qxCa response of single IMR-32 cells. Superfusion ofi

IMR-32 cells with CCK-8-S resulted in an increase in
w 2qxCa . At low CCK-8-S concentrations, the signal con-i

w 2qx Žsisted of Ca oscillations repetitive transient increasesi
w 2qx . Ž .in Ca levels Fig. 5A but at higher concentrations,i

CCK-8-S induced a typical biphasic response consisting of
Ža large peak followed by a slow return to baseline Fig.

. w 2qx5B . SR146131 also induced Ca oscillations at lowi

w 2qx Ž . 2qFig. 5. Effect of CCK-8-S and SR146131 on Ca in individual IMR-32 cells. A Repetitive Ca transients or oscillations induced by continuousi

perfusion with 100 pM CCK-8-S and 1 nM SR146131. Each plot is from one representative individual cell. The horizontal line indicates the period of
w 2qx Ž .perfusion of the cells with the tested compound. Ca values are expressed in percentage of basal values. B Peaks induced by continuous perfusioni

Ž .with 100 nM CCK-8S and 1 mM SR146131. C Concentration–response relationships. Results are expressed as a percentage of the responding cells and
Ž . Ž . Ž .represent the mean of three independent experiments. Oscillations obtained with CCK-8-S ` and SR146131 e ; peaks obtained with CCK-8-S v and

Ž .SR146131 l .
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q ŽFig. 6. Effect of CCK-8-S and SR146131 on phosphoinositide turnover in IMR-32 cells. IMR-32 cell monolayers were incubated for 30 min in Li 20
. Ž .mM -containing medium before addition of the agonists. Results are the mean"S.E.M. of two to five experiments performed in triplicate. A Time

Ž . Ž . Ž . Ž .course of the accumulation of IP under control conditions ` , or in the presence of CCK-8-S 100 nM, v or SR146131 30 nM, l . B1
Ž . Ž .Concentration–effect relationship for the effect of CCK-8-S v and SR1461431 l on phosphoinositide turnover. Results are expressed as a percentage

Ž .of the effect induced by CCK-8-S 100 nM which was determined as a control value in all experiments.

concentrations and provoked a large peak at higher con-
centrations. The effects of SR146131 and CCK-8-S on
single IMR-32 cells were also compared by the analysis of
the percentage of the responding cells in terms of oscilla-

Ž .tion or peaks Fig. 5C . Low concentrations of CCK-8-S
and SR146131 induced oscillations in these cells, and
higher concentrations of the two agonists induced peaks
with a concomitant decrease of oscillations. CCK-8-S in-
duced peaks in 100% of the cells with an EC value of50

Ž .0.50"0.04 nM ns3 . SR146131 also induced peaks in
Ž .100% of the cells Fig. 5C but was 10 times less potent

Ž .than CCK-8-S with an EC value of 5.7"1.9 nM ns3 .50

Moreover, the maximum amplitudes of the peaks induced
by 1 mM SR146131 were lower than those induced by 100

Ž Ž .nM CCK-8-S % of basal values of 979"138 ns2 and
Ž . .1510"30 ns2 , respectively . The selective CCK re-1

ceptor antagonist SR27897B, at a concentration of 100 nM
antagonised the oscillations induced by 1 nM SR146131 or
10 pM CCK-8S, and also prevented the peaks induced by

Ž .100 nM SR146131 or 10 nM CCK-8-S data not shown .
Furthermore, in the presence of EGTA, the peak response

Ž . Ž .induced by SR146131 100 nM and CCK-8-S 10 nM
Žwas reduced to a similar degree 16% and 23%, respec-

.tively; mean of 50–70 cells . Thus, when measured in
single IMR-32 cells, SR146131 presents a CCK receptor1

agonist profile very close to that observed for CCK-8-S
itself.

CCK-8-S has been shown to induce an increase of
phosphoinositide turnover in neuroblastoma cells
Ž .Schaeffer et al., 1994 . It was therefore interesting to
determine whether CCK-8-S and SR146131 would act in a
similar manner on this second messenger. As shown in

Ž .Fig. 6, the basal level of inositol-1-phosphate IP slowly1

increased with time, this increase being linear for up to
2 h. In the presence of CCK-8-S and SR146131, the rate of
IP formation was strongly increased, but again remained1

linear for 2 h, with no evidence of desensitisation at this

time point. The effect of both agonists on phosphoinositide
turnover was concentration-dependent, and the EC val-50

Žues of CCK-8-S and SR146131 were similar EC s2.750
Ž . ."0.7 and 6"3.1 nM ns3-5 , respectively . However,

the maximal effect of SR146131 was only a fraction
Ž Ž ..38"10% ns5 of the maximal effect of CCK-8-S.
The specificity of the stimulatory effect of both agonists
was then determined: the effects of both CCK-8-S and
SR146131 were abolished by the CCK receptor antago-1

Žnists devazepide 100 nM, 95"3% and 86"5% inhibi-
. Žtion, respectively and SR27897B 1 mM, 82"5% and

.47"23% inhibition, respectively , but were not affected
Ž .by the CCK receptor antagonists PD134308 10 mM and2

Ž . Ž .L365260 1 mM not shown .

4. Discussion

Although some synthetic agonists of CCK receptors1

have already been described, SR146131 is the first non-
peptide compound selectively activating CCK receptors1

with a potency similar to that of the natural agonist
Ž .Bignon et al., 1999a . Here, we have found that on
IMR-32 cells, a human neuroblastoma cell line which

Ž .naturally expresses CCK receptors Schaeffer et al., 1994 ,1
w125 xSR146131 inhibited I CCK-8-S binding at nanomolar

w 2qxconcentrations. SR146131 increased Ca in populationi

studies of IMR-32 cells at concentrations slightly lower
w125 xthan those inhibiting the binding of I CCK-8-S, whereas

CCK-8-S interacted with CCK receptors in binding exper-1

iments and activated these receptors in the same concentra-
Ž Ž .tion range binding IC s4 nM Schaeffer et al., 1994 ,50

w 2qx ŽCa increase in cell populations EC s6 nM thisi 50
..work . This could point to a difference between SR146131

and CCK-8-S at the level of the CCK receptors, but it1
w 2qxshould be noted that in single cell Ca measurements,i

w 2qxCa oscillations were induced by both CCK-8-S andi
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SR146131 at concentrations much lower than those induc-
w 2qxing Ca peaks, showing that a direct comparison ofi

binding data with selected functional responses is of mod-
erate significance. Moreover, bovine serum albumin, which
was present in the binding experiments but not in func-

Ž w 2qxtional experiments except single cell Ca determina-i
.tions , has been shown to decrease the binding of

w125 xI CCK-8-S to pancreatic CCK receptors, but to en-1
Žhance the effect of CCK-8-S on amylase release Huang et

.al., 1995 . This clearly suggests that a direct comparison
between binding data and results from functional experi-
ments may not be meaningful in the case of CCK recep-1

tor binding studies.
The inhibition experiments reported here using selective

CCK and CCK receptor antagonists unequivocally show1 2
w 2qxthat the Ca increase induced by both agonists wasi

selectively mediated by the CCK receptor. The fact that1

CCK antagonists were able to inhibit the effect of both2

agonists at very high concentrations only suggests that
these effects were due to residual CCK receptor antago-1

nist activity of these compounds, as already reported
Ž .Mahovec, 1993 .

Interestingly, although both CCK-8-S and SR146131
acted at similar concentrations, the profile of the effects of
both agonists and their maximal effects were slightly
different. Thus, in studies on populations of IMR-32 cells,

w 2qxCCK-8-S induced a biphasic increase in Ca consistingi

of an initial peak followed by a plateau phase of a smaller
amplitude, which is normally observed for compounds
inducing both intracellular Ca2q release and Ca2q influx,

Ž .like bradykinin Colden-Stanfield et al., 1987 . SR146131
only produced a long-lasting, stable increase which was

w 2qxreminiscent of the Ca increase induced by compoundsi

exclusively inducing Ca2q influx. However, further analy-
sis did not corroborate this conclusion. Thus, in Ca2q-free

w 2qxmedium, the Ca increase induced by both CCK-8-Si

and SR146131 was reduced, but this reduction was identi-
cal for both compounds. Also, the divalent cation Ni2q,
which blocks Ca2q influx through Ca2q channels, had no

w 2qxeffect on the Ca increase induced by both compounds,i

and Mn2q quenching experiments showed no evidence of
a significant induction of Ca2q influx by either CCK-8-S
or SR146131. These data suggest that CCK-8-S and
SR146131 are both essentially acting by inducing Ca2q

release from intracellular stores and that a differential
activation of Ca2q release and Ca2q influx cannot explain

w 2qxthe difference in Ca increase between CCK-8-S andi
w 2qxSR146131. The fact that the Ca response was reducedi

in the presence of EGTA may be due to the existence of an
intracellular Ca2q pool in rapid exchange with the extra-
cellular medium. This observation shows a high analogy

w 2qxwith the results observed for the activation of Ca i
Žincrease by bradykinin in N1E-115 cells Iredale et al.,

.1992 .
The similarity between SR146131 and CCK-8-S was

w 2qxalso substantiated through Ca measurement on singlei

cells. Again, both compounds were comparable in that
w 2qxthey induced Ca oscillations at low concentrations andi

a single peak at higher concentrations and that these
responses were similarly resistant to extracellular Ca2q

removal. Again however, subtle differences between
SR146131 and CCK-8-S were apparent: high concentra-
tions of both compounds thus induced a peak increase in
w 2qxCa in 100% of the cells, but the magnitude of thei

peak responses was slightly higher in CCK-8-S-exposed
cells than in SR146131-treated cells. These slight differ-
ences between both compounds at the single cell level are
totally consistent with the fact that SR146131 induced
slightly lower responses than CCK-8-S in cell populations.

The fact that the maximal effect of SR146131 was
lower than the maximal effect of CCK-8-S underlines the
importance of the cellular environment of CCK receptors1

on which the agonists are acting in the magnitude of the
relative response of CCK-8-S and SR146131. We have
already reported that SR146131 was as active as CCK-8-S
in 3T3 cells expressing human CCK receptors, but was1

less potent than CCK-8-S in CHP212 human neuroblas-
toma cells, suggesting that it may act as a partial agonist in

Žcell systems where CCK receptor levels are low Bignon1
.et al., 1999a .

w 2qxThe difference in peak shape between the Ca in-i

crease induced by CCK-8-S and SR146131 prompted the
question as to whether similar differences might be de-
tected on other second messenger systems. For at least one
other second messenger, phosphoinositide turnover, this
was not the case: both CCK-8-S and SR146131 induced a
long-lasting increase in phosphoinositide turnover, the rate
of which was stable for at least 2 h in both cases, although
it was lower for SR146131 than for CCK-8-S. As for
w 2qxCa increase, both CCK-8-S and SR146131 acted ati

nanomolar concentrations, and their effects were specifi-
cally inhibited by CCK receptor antagonists, confirming1

that they activated phosphoinositide turnover through
CCK receptors.1

In conclusion, this work shows that SR146131 acts as a
specific agonist of human CCK receptors with a potency1

similar to that of CCK-8-S. The characteristics of the
w 2qxCa increase in terms of sensitivity to receptor antago-i

nists, extracellular Ca2q removal, blockade by the divalent
2q 2q w 2qxcation Ni , Mn influx and induction of Ca oscilla-i

tions and peaks in single cells, were identical for both
agonists. Furthermore, both compounds induced a long-
lasting increase in phosphoinositide turnover, which was
selectively inhibited by CCK receptor antagonists. Over-1

all, this work shows that SR146131 is a potent agonist of
human CCK receptors closely mimicking CCK-8-S.1
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