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phosphorylation-dependent changes in potency and efficacy
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Abstract In order to establish a regulatory role for
phosphoproteins in receptor-stimulated enzyme secre-
tion, dispersed rabbit pancreatic acinar cells were stim-
ulated with the COOH-terminal octapeptide of
cholecystokinin (CCKy) in the absence and presence of
staurosporine and/or 12-O-tetradecanoylphorbol 13-
acetate (TPA) or forskolin. The dose/response curve
for the stimulatory effect of CCKy on amylase secre-
tion was biphasic, with a mean half-maximal concen-
tration (ECs) of 21 pM. Staurosporine (1 uM) did not
affect secretion elicited by CCKg concentrations below
0.1 nM, but reduced the response to CCK; concentra-
tions above 0.1 nM. As a result, the mean ECs, for
CCKj decreased to 8 pM and its efficacy to 70%. The
phorbol ester TPA (0.1 uM) attenuated secretion
evoked by CCKj; concentrations below 0.1 nM and
potentiated the response to CCKgconcentrations above
0.1 nM. As a result, the mean ECs, for CCKj increased
to 0.14 nM and 1ts efficacy to 300%. Staurosporine
abolished both the inhibitory and the potentiating effect
of TPA, thereby turning the inhibitory effect into a
strong potentiating effect. As a result, the mean ECs,
for CCKjy decreased to 3 pM, whereas its efficacy
increased to 190%. Forskolin (30 uM) potentiated the
response to both the lower and the higher CCKj con-
centrations. As a result, the mean ECs, for CCK;
increased to 28 pM and 1its efficacy to 300%.
Staurosporine enhanced the potentiating effect of
forskolin at CCKg concentrations below 0.1 nM, but
abolished potentiation at CCKg concentrations above
0.1 nM. As aresult, the mean EC for CCK; decreased
to 1.4 pM, whereas its efficacy increased to 260%. The
data presented demonstrate that the apparent sensitiv-
ity of dispersed pancreatic acinar cells to stimulation
of the process of enzyme secretion by CCK; decreases

- ST - vt S

At v tevabai ARV

P. H. G. M. Willems (D<) - S. E. Van Emst-de Vries -
J. J. H. H. M. De Pont

Department of Biochemistry, University of Nijmegen,
P.O. Box 9101, 6500 HB Niymegen, The Netherlands

Introduction

when kinases are activated and increases when Kinases
are inactivated. Moreover, they show that the eflicacy
of CCKj increases by the action of kinases, both sen-
sitive and insensitive to staurosporine.
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Stimulation of pancreatic digestive enzyme secretion by
the hormones cholecystokinin (CCK) and secretin and
the neurotransmitters acetylcholine (Ach) and vasoac-
tive intestinal polypeptide (VIP), which interact with
specific receptors located on the surface of the acinar
cell, 1s paralleled by either the production of cyclic
adenosine 5'-monophosphate (CAMP) [10], activating
protein kinase A (PKA), or the simultaneous forma-
tion of 1,2-diacylglycerol [37], activating protein kinase
C (PKC) [23], and mositol 1,4,5-trisphosphate [37],
releasing Ca** from intracellular stores [3].

In all species tested, the Ca**-mobilizing secreta-
gogues CCK and Ach readily stimulate the process of
enzyme secretion {10]. On the other hand, the cAMP-
generating stimulants secretin and VIP are secretory
active 1n the guinea-pig and in the rat but not in the
rabbit!. Concerning the physiological significance of
cAMP 1 pancreatic digestive enzyme secretion, most
studies, including those using permeabilized acinar cells
[24], tend towards a modulatory rather than a stimu-
latory role, since in all species tested the secretory
response to Ca®*-mobilizing secretagogues is markedly

potentiated In the presence of elevated acinar cell
cAMP levels [10, 37].

' P.H.G.M. Willems, I.G.P. Van Nooij, J.JH.H.M. De Pont,
unpublished observations



The Ca~"-mobilizing secretagogues CCK and Ach
activate a bilurcating signal transduction  pathway
resulting i the simultancous activation ot PKC and
modulation of Ca~'-dependent processes |3, 23], Both
routes can be activated separately, in that phorbol esters
mimic the stimulatory effect ot 1.2-diacylglycerol on
PKC and Ca~' ionophores increase the free eytosolic
Ca~' concentration. Many studies have demonstrated
that artificial activation ol cach one ol these two routes
only moderately stimulates secretion [2, 4 8, L, 14, 15,
19 21, 25, 29, 30]. whereas simultancous activation of
both routes mimics the stimulatory efleet of the Ca~*-
mobilizing secretagogues [5. 19, 2§].

Putative inhibitors of PRC activity, such as 11-7 and
staurosporine, have been used mnan attempt to ascer-
tain the refative importance of both routes in the mech-
anism of action of the Ca~"-mobilizing secretagogues
17, 21, 25, 29]. Staurosporine was tound to completely
inhibit the secretory response to the phorbol ester 24
O-tetradecanoyiphorbol 3-acetate (TPA) [7, 21, 29].
whereas the drug only partly reduced the secretory
response to o carbachol (21, 29), CCK [7. 29] and
cacruletn {21, On the other hand, H-7 was found to
potentiate rather than imhibit the seeretory response (o
TPA [25], COK 7, 28] and carbachol [25]0 Similarly,
TPA-evoked  down-regulation of PKC was demon-
strated to decreuse the ellicaey of both CCK and car-
bachol [27].

Pretreatment of pancreatic acmar cells with a phor-
bol ester has been demonstrated to result in inhibition
of the secretory response to Car'=maobilizing secreta-
gogues [, 4 1L 15 21, 33 Virtually complete inhi-
bitton was observed  with submaximal stimulatory
secretagopue coneentrations [, 21, 3310 In one study,
Lhis minbutory eflect of the phorbol ester was paral-
leled by o sipnthicant reduction in efliciacy of COK [,
I contrast, o second study the eflicacy of the see-
retagogue was found to reman unaflected (caerulemn)
or (o become shghtly inereased (carbamylcholine) by
TPA treatment [2 1] Finally, in o third study, the phor-
bol ester was demonstrated to markedly potentiate the
seeretory response to an optinul coneentration ol CCK
[6]. So far, the reason for these diserepancies s unclear
and torms the object of the present study.

In o previous study, using dispersed rabbit pancre-
atic acitr cells, 1twas observed that the dose/response
curve for the stimubliatory eflect of CCOKL on amylise
seeretion wis relatively broad, iy that it ranged from o
minintally effective concentration of | pM o o maxi-
nutlly ellfective concentration of 10 nM [34] In addi-
ton, the edicacy of CORGwas found to be rather low
as compared to pancreatic acnl, In contrast, the dose/
response curve for the reeruitment of dispersed actnar
cells in terms of COKL-evoked Ci?t mobilization was
found to be less broad, in that it ranged from a mini-
mally effective concentration of 1 pM to o maximally
cllective concentration of 0.1 nNL Preliminary experi-
ments with dispersed acimar cells revealed that TPA not

[ Y]

only decreased the maximally effective CCKg concen-
tration for the stimulation of amylase seeretion but, 1
addition, markedly potentiated the secretory response
to this particular sceretagogue concentration. Thus,
TPA caused both a narrowing of the dose/response
curve for COKyand an increase in the eflicacy of the
secretagogue. These observations urged us to investi-
aate the elfects of Kinase activation and mactivation on
the shape of the dose/response curve for the stimuli-
(ory ellect of CCKy on amylase seerction [rom dis-
persed pancreatie acinar cells.
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Materials and methods
Pancreatic acmar cells

Rahbit pancreatic acinar cedls were prepared s desertbed previously
RE NIRRT

Amylise secretion experiments

For seeretion studies, dispersed sweinie cells were resuspended in i
HEPESSTris twhere HHEPES denotes $-Q2-hvdroxyethyD)- L-piperaszi-
neethanesulphonic acid) medium (pH 7.0 contining 133 mdd
NaCl 4.2 mM-KCL EO mM-CaCl, O mM-MgCL, 8.8 mM glus
cose, L2 mp/mil sovbhean trypsin anhibitor and 10 M HEPES,
adjusted with Teis to pHl 7.4 the solution was gassed tharoughly
with T 0 O After premeubsttion Tor 10 min at A7°C7, 200 pl
aliquots of the suspenston were transterred to Eppendor! microtubes
continning the indicated concentrintions of COKGand ineubated tor
another 20 min at 37°C, The ineubations were stopped by rapid cen-
trifuation ot 10000 ¢ for 105 (Eppendor! avnitugee) and the super-
Gt was used tor deternumation o medium amy lise activity, At
the beginning of the experiment, an aligiat of the suspension was
rermoved and the aemar cells were homaogentzed Tor determination
af total somvhise setivity, Amylase activity wis measured by means
ol the Phadebas testand medinm sunviase activity wias expressed as
a pereentage of total amvlise present i the acint at the beginning
ol meubsation. Stwarosporie (1 v was present trome the began-
g of the premcabation peciad, Forskohn 30 vy wasudded alter
Sonnn and TPA was added immediately betore trimnsterving the 0.
il sdiguiots to the mivrotubes continning COKG Thapsimtrgm was
present i the microtubes. In the case of esttog varous TPA con-
centrations, the phiorhol ester was present i the microtubes.

CAMDP mecustirenients

The cellulir e AMP content was determined as descrihed previously
[, 32 Stawrosporine (1 and sobutvl-bauethvisanthine
CEBNEX, 00D mM were present rom the bepinning of preinculbyt-
non. TPA was added immediately betore transferring the 200 ul
ahiguots to the microtubes, CORKL 0H adND and torsholin (30 pd
were present i the microtubes, The reaction was quenched atter
LO mtn aned the cellular CAMP content was eapressed i pmades
CAMP per milligram protein, Protan was determined with o come
merctitl Coontissie blue kit (Bio-Rad, Rwchmond, Calit,, USA)
usiyt bovine serum albunun (8SA, Hoechst-Behnng, Muarburyg,
Ciernanyy s o standiored.

Anadvats of the dhitt

Fdt-maninally stimulators concentrations sod miesinmid velease val-
tes wrte valewdated by means of the nonlimear regression computer
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programme InPlot (Graphpad Software for Science, Sin Dif:go,
Calif., USA). Differences between the mean values were detgrn}mcd
by analysis of variance [26]; P> <{.5 was considered statistically
significant,

Madterials

Collagenase was purchased from Cooper Biomedical, Malvern, Pa..
USA; BSA, soybean trypsin inhibitor, Trypan blue, TPA and CCKy
from Sigma, St. Louis, Mo., USA. Hyaluronidase, CAMP and stau-
rosporine were obtained from Boehringer, Mannheim, Germany:
IBMX from Aldrich, Milwaukee, Wis., USA and [*H]JcAMP (666
GBq/mmal) from Amersham, UK. Forskolin was purchased from
Calbiochem, La Jolla, Calif., USA and thapsigargin [rom LC
Services, Woburn, Mass., USA. The Phadebas test kit was obtamed
from Pharmacia, Uppsala, Sweden and activated charcoal (Norit,
$X-1) from Norit, Amersfoort, The Netherlands. The cAMP bind-
ing protein was isolated from bovine adrenal cortex. All other chem-

icals were of reagent grade,
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Results

Time course for the effect of CCKyon amylase
release from 1solated pancreatic acint and
dispersed pancreatic acinar cells

Dispersed pancreatic acinar cells, prepared according
to the method of Amsterdam and Jamieson [1] as
described previously [34, 35], released amylase at a con-
siderably slower rate than isolated acini when stimu-
lated with a maximally effective concentration of 10 nM
CCK;(Fig. 1). Pancreatic acini were prepared by omit-
ting the divalent cation chelating step from the proto-
col for the i1solation of dispersed acinar cells as
described previously [31-33].

Time course for the effects of CCKyand TPA.,
alone and m combination, on amylase release
from dispersed pancreatic acinar cells

Stimulation of dispersed pancreatic acinar cells with
10 nM CCKj evoked a nearly linear increase in amy-
lase release with time during the first 30 min (Fig. 2).
At this concentration, which was a maximally effective
concentration with this acinar preparation (Fig. 3),
CCKyreleased an average of 4.1% (SEM £ 0.5, n = 17)
of the total amylase originally present in the acinar
cells during the first 20 min of stimulation. Compared
to the effect of CCKy, the phorbol ester, TPA, added
at a maximally eflfective concentration of 0.3 uM
(Fig. 4), only slightly enhanced the rate of amylase
release. Surprisingly, however, TPA markedly potenti-
ated the stimulatory effect of CCK,. The increase in
amylase release, evoked by the combination of secret-
agogue and phorbol ester, was virtually linear with time
during the first 30 min.
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Fig. 1 Time course for the effect ol the COOH-ternunal octipep-
tide of cholecystokinin (CCKy) on amylase release from isolated
pancreatic acini and dispersed pinereatic aeinar cells. Rabbit pans
creatic acint (eirefes) and dispersed pancreatic acinar cells (syures)
were resuspended in @ HEPES/ Tris medinm and tneubated at 377°C,
CCK (closed symbaols) was added at i concentration ol [0 nN and
samples for measurement of medium amyliase activity were removed
at the indicated times, Amylase activity s eapressed as a pereent
age of the iitial cellular amylase content

0

Fig. 2 Time course {or the potentiating offect ot 120 tetrade-
canoylphorbol 13-acetate (TPA) on COK-nduced nyhise secre-
tton from dispersed  pancreatic actny cells. Dispersad rithba
pancreatic acinar celts were resuspended w a HEPEN Tris medium
and mcubated at 37°C, TPA (0.3 M., closed symbols) aad COR
CLO DM, sgnares) were added at 30 nan and samples tor determis
nation of medium amylase activity were removed at the indicated
times. Amylase activity is expressed as o percentage of the intiad
cellular amylase content
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Fig. 3 Elfect of staurosporine on the dose/response curve for
CC I\5 induced amyvlase seeretion from dispersed panerentic acinar
cells, Dispersed rabbit pancreatic acinar cells were resuspended 1n
a0 HEPES/ Tris medium and prancubated i the presence ol either
tlimctlwlxulplm\idc (open circlexy or T MV staurosporine Lelosed
circles) Tor 10w at 372°C, Aliquots ol the suspenston swere irins-
ferred  to Eppendort nnumuhcs containing the mdicated con-
centrations ol CCKy Medium amylise aetivity was deternined at
20 min folowing the onset of stimudation amd expressed as o per.
centage of the imtial cellubir amylase content, After correction for
basal amylase release, the release vidue obtamed with W aM CCK,
is set at (00", to which all other values are related. The data pre-
sented are the mean L SEM ol S c\pmnmnta "Signilicantly dilferent
(P < 0.05) from corresponding vislue for CORKGstmulated control
cells

Dosce/response curve lor the effect of TPA on
thapsigargin- and CCKe-stimulated amylase
seerction from dispersed pancreatic acinar cells

TPA stimulated amyliase seeretion dose dependently
from dispersed acinar cells (g, <), The Towest con-
centration ol the phorbol ester producing a signilicant
effect was | nM, whereas the maximal eflect was
reached with 10 nM TPA, At this concentration, the
stimulatory eflect was not significantly diflerent from
that obtamed with 0.1 WM TPAL This observation sug-
gests that supramaximal sumulation with TPA does
not lead to inhibition of’ the seeretory response. The
mean half-maximal TPA concentration wus caleulated
Lo be 0.00 nM (g, 5). The maximal ellect of TPA was
only 35%. of that obtained with CCKy alone. TPA
polcntmtcd the stimulatory elflect of I M thapsigar-
gin dose dependently (Fig, 4). The lowest concentru-
tion ol the phorbol ester producing a signilicant
patentiating effect was | oM, whereas the maximal
cllect wus reached with 0.0 uM TPA. At this concen-
tration, the potentiating effect of 'TPA was significantly
higher than that obtained with 1 nM TPA, whereas it
was not stgnilicantly different from that obtained with
1O nM TPA. The mean half-maximal TPA concentra-

029

400 |- ’\"
* P
300 |- v K
7. + CCK-8
f#

200 | /

amylase release (% of control)

O 10 0% 10 0% (07
[TRPA] (M)

Fig, 4 Dose/response curve for the effect of TPA alone and in com-
bination with either thapsigargin or COKon amylase reteise from
dispersed pancreatic acinar cells. Dhispersed eabbit pancreatic aci-
nar eells were resuspended in a HEPES/Teis medium and prem-
cubated for 10 min at 379C0 Aluots of the suspension were
trimsterved to Eppendort microtubes containing the indivitted con-
centriations of TPA alone (open cireles) or in combination with
either M thapsigargin (cloved squares) or 10 nM COR (elosed
circles), Medium amylase activity was deternined at 20 min ol
lowing the onset of stimulation and expressed as a percentige of
the initial cellular amyliase content. After correction for basal amy-
Lase release, the redease value obtained with 10 oM COKL s set
100", to which all other vadues are reluted, The dati presented
are the mean B SEM o 4 expertments. “Signilicantly different
(7~ 0.058) from carresponding controf cells

ton wits caleulated to be 0,58 oM (g, S) no supru-
maximal mhibition was observed. The maximal eflect
reached with the combination of TPA (0.1 tM) and
thapsigargin (DM was T4 times higher than that
abtained with CCKyalone, TPA markedly potentiated
CCORestimulated amylase seeretion, The effect of the
phorbol ester was dose dependent. Again, the mint-
mally elfective concentration of TPA was | nM, The
mean hall-maximally eflfective phorbol ester coneen-
tration was cleulated to be 058 nM (1ag, 5). In the
presence of 0.1 uM TPAL the stimulatory elieet ol
10 oM CCKwas increased by a factor of 3.5

Dose/response curve tor the elfect ol thapsigargin
on TPA- and CCKg-stimulated amyliase secretion
[rom dispersed pancreatic acinar cells

Thapsigargin stimulated amylase secretion dose depen-
dently from dispersed acinar cells (Fig, 6), The lowest
concentration producing a signhicant eflect was 10 niM.
The release values obtained with 10 nM, 0.1 uiM
and 1 uM thapsigargin were not sigmficantly difterent
and the maximal eflect of thapsigargin was 3% of
that obtained with CCK, alone, No supramaximal
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Fig. 5 Effect of various treatments on the half-maximally stimula-
tory concentrations ([ECs]) of CCKs, TPA and thapsigargin, The
half-maximally stimulatory concentrations for CCKg, TPA and
thapsigargin were calculated from the data presented in the Figs. 3,
4, 6-8 by means of the nonlinear regression computer programme
InPlot (Graphpad Software for Science, San Diego, Calif., USA).
Each bar represents the 95% confidence interval

inhibition of amylase secretion was observed with thap-
sigargin. The mean half-maximal concentration was
calculated to be 2.2 nM (Fig. 5). Thapsigargin mark-
edly potentiated the stimulatory effect of 0.1 uM TPA.
The minimally effective concentration was 10 nM.,
whereas maximal potentiation was reached with
0.1 uM thapsigargin. The potentiating effect obtained
with 0.1 uM thapsigargin was not significantly different
from that obtained with | uM thapsigargin. The mean
half-maximal concentration was calculated to be
7.0 nM (Fig. 5). Again, no supramaximal inhibition
was observed. The maximal effect reached with thap-
sigargin (etther 0.1 uM or 1 uM) in combination with
TPA (0.1 uM) was 1,5 times higher than that obtained
with CCKj alone. In contrast to TPA., thapsigargin
inhibited the secretory response to 10 nM CCK, dose
dependently. The minimally inhibitory concentration
of thapsigargin was 0.1 uM. At a concentration of
I uM, thapsigargin inhibited the response to 10 nM
CCKj; by approximately 35%.

Effect of staurosporine on the dose/response curve
for the stimulatory effect of CCKgon amylase
secretion from dispersed pancreatic acinar cells

CCKq stimulated amylase secretion dose dependently
from dispersed pancreatic acinar cells (Fig. 3). The

dose/response curve did not show a clear maxumunm in
that the release values obtained with 0.1 nM and T nM
CCK, were not significantly different  from  that
obtained with 10 nM CCKy. The effect of 0.1 M CCK,
was significantly lower than that obtained with 10 nM
CCK.. demonstrating the occurrence of supramaximal
inhibition. The mean half-maximal concentration was
calculated to be 21 pM (Fig. 5). Staurosporine (1 jtivl)
did not affect the stimulatory effect of COKyconcen-
trations below 0.1 nM, but tended to reduce the seere-
tory response to secrctagogue concentrations above
0.1 nM. Statistical signilicance was reached  with
[0 nM CCKjg. Staurosporine alone tended to mcerease
the basal rate of amylase sceretion. However, this eflect
was not statistically significant. The release values
obtained with 10 pM, 10 nM and 0.1 uM CCOK; were
significantly lower than the value reached with | nM
CCK,, whereas the release value obtamed with 0.1 nivl
CCK, did not differ significantly from the latter value.
In the presence of staurosporine, the mean half-nuixi-
mal concentration of CCKgwas calculated to be 8 pvl
(Fig. 5). The maximal cffect of CCOKy, alter correction
for the stimulatory effect of staurosporine alone (12%a),
was reduced by 0%,

Fig, 6 Dose/response curve for the effect ol thapsigargin adone and
in combination with either TPA and COK, on amylisse release from
dispersed pancreatic acinar cells. DPispersed rabbit pancreatic -
nar cells were vesuspended in o HEPES/ Teis mediam and prem-
cubated for (0 mim at 37°C, Aliquots ol the suspenston were
transferred to Eppendort microtubes containing the indicitted con-
centrations of thapsigargin alone (open circlesy or in combination
with cither 0.8 uM TPA (closed squaresy ar 10 nM CUKL tefosed
cireles). Medium amviase activity wits determtned at 20 min fols
lowing the onset of stimulation and expressed as i percentage of
the mitial cellular amylase content, Alter correction tor basal amy
lase release, the release value obtained with 10 aM CORLOs set at
tO0%, to which all other values are relited. Phe data presented
are the mean £ SEM of 4 experiments, *Significantly  Jdulerent
(/7 < 0.05) from corresponding control cells
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Eilect of TPA alone and m combingtion with
staurosporine on the dose/response curve for
CCRe-stimulated amylase seceretion from dispersed
pancreatic acinar cells

TPA, added at a maxsimally effective concentration of
0.0 UM (g, ), tended to decrease the seeretory
response to CCOKg concentrations below 0.1 oM and
markedly potentiated seerction evoked by seeretagogue
concentrations above 0.1 nM (g, 7). The release val-
ues obtained with I oM, 10 nM and 0.1 pM CCOKwere
significantly higher in phorbol-ester-treated cells than
in control cells, In the presence of TPA, the dose/
response curve lor the stimulatory effect of CCOK,
ended to adopt its characteristic biphasic  shape,
However, the release value obtaimed with 10 nM COK,
was not stgnificantly different from that obtiined with
I nM CCKy. In the presence of TPA, the mean half-
maximal concentration of CCOKxwas caleulated to be
O 04 oM (g, 5). Staurosporine (1 V) not only coun-
leracted the wihtbitory etlect of 'TPA on the stimula-
tory ellect of the lower concentrations ol CCOK,, but
even turned 1t into a potentiating effect. This potenti-

Fig, 7 Ellect ol TPA alone and i combination with starosporine
on the dose/response curve for CORinduced s ke seeretion
from dispersed pancreatic acima cells, Dhispersed rabbit pancreit
actiar cells were resuspended i o HEPESS Tos mediam and prein-
cubated i the presence ob cither duncthylsulphoside {ereleyy or
| M staurosponine Oguares) Tor HEaun at 37700 Aligueds of the
suspension were transterred o Fppendort nucrotubes vonrtamimyg
the indicated concentiations of COR, either alone topen symibalh)
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ating effect reached statistical stgmificance with 10 pM
CCKg Note that staurosporine alone did not markedly
atlect the secretory response to these lower CCOK con-
centrations (see also, g, 3). On the other hand, stau-
rasporime markedly inhibited the potentiating effect of
T'PA on the seeretory response to CCKgconeentrations
above 0,1 nM, The effect was statistically significant
with T oM and 10 oM CCK; In the combimned pres-
ence of TPA and staurosporine, the dose/response
curve for COKg-stimulated amylase secretion was
shifted to the left and the mean ball=-maximal CCK;
concentration was caleulited to be I pM (g, §).
Morcover, 1 the combined presence ol TPA and
staurosporie, the dose/response curve for COKg-stim-
ulated amyvlase seerction tended to adopt its charae-
teristic biphaste shape. Towever, the release values
obtamed with 10 pM and | nM CCOKwere not signtli-
cautly different from that obtamed with 0.1 1M CCOK..

Effect of forskolin alone and in combination

with staurosporine on the dose/response curve for
CCORs=stimulated amylase seerction from dispersed
pancreatic acmar cells

Stimulation of adenvivlt eveluse activity by mans of
forskolin (30 uM), resulted ma marked potentiation of
the seeretory response to CORg(Frg. 8). This potent-
ating eflect reached statistical significance with | nM,
O M and 0.1 tM COK,L Inthe presence of forskolin,
the mean hall-maximal COK concentration was cal-
culated to be 28 pM (g, 5)0 Although the dose/
respanse curve for the stmulatory effect of CCK;
tended to adopt its characteristic biphasie shape i
forskolin-treated cells, the release vatues oblaimed with
0.1 ML 10 oM and O pM COKgwere not significantly
different  {from  that obtamed with 1| oM CCOK.,.
Forskolin alone did not change the basal rate ol amy-
Lase seeretion (see also, [32]) In the combined presence
ol lorskolin and  staurosporioe (1), the dose/
response curve was shifted to the left and the mean
hatf-maximal COKconcentration wits caleuluted to be
L pM (Tg. ) Compared to control cells, the secre-
tory response to | pM, 10 pM and 0.1 nM COK, was
significantly mereased in cells pretreated with the com-
hination ol forskohin and staurosporie, Staurosporine
did not signilicantly atlect the eflicacy of CCK, in
forskolin-treated  cells.  Towever,  staurosporine
markedly reduced the potentiating effect ol torskolin
on seeretion evoked by CCOK, concentrations aboye
(L1 nM. This inhibitory  effect reached  statistical
sipnificance with 10 nM and 0.1 pM CCOKs. In the com-
bined presence of forskolin and staurosporme the dose/
response curve for COR-stimulated amylase seeretion
tended  to adopt its characteristic biphasic  shape.
Fowever, the release values obtiined with 10 pM and
| nM were not significantly different from that obtiined
with 0,1 oM CCOK..
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Table 1 Effect on the cCAMP content in rabbit pancreatic aginar
cells. Ruabbit pancreatic acinar cells were resuspended n
HEPES/Tris medium. The acinar cells were preincubated in the
absence and presence of either 1 M staurosporine and/or 0.1 mM
3-isobutyl-!-methylxanthine (IBMX) for 10 min at 37°C. 12-0-
tetradecanoylphorbol 13-acetate (TPA, | tM) was added m_lmedl-
ately before transferring 200-ul aliquots of each suspension to

microtubes. COOH-terminal octapeptide of cholecystokinin (CCOK,
10 nM) and forskolin (30 pM) were present in the microtubes. The
reaction was quenched atter 10 min and the acinar t:cll cAMDP con-
tent was expressed as pmol cAMP per mg protein. ic \'zlh\gs pre-
sented are the mean & SD with the number ol experiments given in
parenthieses

ey

Treatment Acinar cell cAMP content (pmol/mg protein) - -

—1BMX + IBMX

— Staurosporine + Staurosporine — Jlaurosporinge Staurosporine

: B - £0.5( B a 7.9+£ 293
Control 0.9 £ 0.4 (3) 1.2£0.5 () 3.0£0.5(3) .‘
CCKj; 1.8 £0.7 (5) 2.0% 0.8 (5) 4.2 2+0.3 (3) V.8 & 1.7 (3)
CCK; + TPA 0.7 £0.3 (5) 1.2 0.6 (5) 3.8 & 0.8 (3) 1O 23T ()
Forskolin 12.2 £ 5.4 (5} 27.9 £ 16.0 (5) 89.8 £ 228 (1) 159.0 4 44,9 (3)
T 1 nar cell cAMP content (Table 1). In the presence of the
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Fig. 8 Effect of forskolin alone and in combination with stau-
rosporine on the dose/response curve for CCKy-induced amylase
secretion from dispersed pancreatic acinar cells. Dispersed rabbit
pancreatic acinar cells were resuspended in a HEPES/Tris medium
and preincubated in the presence of either dimethylsulphoxide
(circles) or | uM staurosporine (squares) for 10 min at 37°C.
Aliquots of the suspension were transferred to Eppendorf micro-
tubes containing the indicated concentrations of CCK, either alone
(open symbels) or in combination with 30 pM forskolin (closed SV-
bols). Medium amylase activity was determined at 20 min follow-
Ing the onset of stimulation and expressed as a percentage of the
mitial cellular amylase content. Afler correction for basal amylase
release, the release value obtained with 10 nM CCK, alone is set
at 100%, to which all other values are related. The data presented
are the mean £ SEM of 5 experiments. * Significantly different
(£ < 0.05) from corresponding value for CCK,-stimulated control
cells. # Significantly different (P < 0.03) from corresponding value
for CCKg-stimulated forskolin-treated cells

Eflect of staurosporine on basal and forskolin-
and CCKg-stimulated cAMP production in
dispersed pancreatic acinar cells

The activator of adenylyl cyclase activity, forskolin
(30 M), evoked a substantial (14-fold) increase in aci-

inhibitor of cyclic nucleotide phosphodiesterase activ-
ity, IBMX, the eflect of forskolin was markedly
enhanced (7.4-fold as compared to the eflect obtamed
in the absence of IBMX). IBMX alone induced a 3.5-
fold increase of the basal cAMP level. Neither COK,
(10 nM) alone nor in combination with TPA (1 tM)
evoked a4 measurable mcrcase m cellular cAMP con-
tent even when IBMX was mcluded i the incubation
medium. Surprisingly, staurosporme (1 M) alone
caused a 2.5-fold increase in cellular cAMP content
provided that IBMX was present. In addition, stauro-
sporine potentiated the stimulatory effect of torskolin
both in the absence (2.3-fold) and presence (1.8-fold)
of IBMX.

it/

Discussion

Most studies on the mechanism of action of pancre-
atic secretagogues have used preparations consisting of
either dispersed acinar cells or isolated acini. Dispersed
acinar cells are obtained by a procedure employing the
enzymatic digestion of pancreatic tissue in combina-
tion with mechanical shearing and chelation of diva-
lent cations to break junctional complexes [1]. The
acinar cell preparation used in the present study con-
sisted of a mixture of single cells and small cell groups
[34]. Acini are prepared in essentially the same way.
except that the cation chelating step is omitted; cuch
resulting preparation contains over 50 functionally cou-
pled actnar cells [12, 22]. 1t is gencrally recognized that
the latter preparation displays a considerably improved
secretory response [12]. However, in previous studics
using rabbit pancreatic acini, both the eflicacy (10% [6]
and 26% [32] of total amylase released in 20 ming and
the hall-maximally effective concentration (75 pM [6]
and 1.2nM [32]) for CCKy were found to be highly
variable. In contrast, the maximally effective concen-
tration for CCKy (10 nM) did not differ between the
two studies. The data obtained in the present study



show that n dispersed pancreatic acinar cells the
eflicacy of CCKy was even further reduced to reach a
value of 4. 1% ol total amylase released i 20 mun.

The main linding of the present study is that eflicacy
as well as the hall-maximally and maximally effective
concentrations for the stimulatory cffect of CCKy on
amylase secretion from dispersed pancreatic acinar cells
can be altered by arttlicially creasing or decreasing
the activity ol intracellular kinases.

The data presented demonstrate that both forskolin
and TPA can markedly (threefold) increase the eflicacy
of CCKyin dispersed rabbit pancreatic acinar cells. In
principle, both compounds displayed the same effect
on the dose/response curve for CCKg-stimulated amy-
lase seeretion, be it that TPA mhibited the stimulatory
effect of the lower concentrations ol CCKy. The fact
that the impaired seeretory response observed with dis-
persed acmar cells can be markedly improved by
artificial activatton of protein kinases suggests that in
this particular preparation the intracellular pathway
leading {rom receptor activation to seeretion 18 dis-
turbed at the level ol protem kinase activation,

The potentiating effect ol both TPA and forskolin
on the scerctory response to CCKy concentrations
above 0.1 nM  was cflectively mhibited by stau-
rosporine,  demonstrating  the mvolvement of stau-
rosporine-sensitive protein kinases. In contrast, the
potentiating effect of TPA on amylase seeretion elicited
by CCKy concentrations below 0.1 oM was only
revealed 1in the presence ol staurosporine. Sinee sta-
rosporine alone did not allect secretion evoked by these
lower concentrations of CCKy, this observation sug-
gests that TPA aets through o staurosporine-insensitive
isotype of PKC, Similarly, stiaurosporine mereased the
potentiating  ellect of forskolin on the seerctory
response Lo the lower CORKgconeentrations, suggesting
the ivolvement ol o staurosporme-insensitive isotype
of PKA. Assuming that these staurosporine-insensitive
protein kinases act in concert with eytosolic free Ca?
to stimulate the seerctory process, the potentiating
cffect of staurosporine might be explained by its
previously reported ability to markedly potentiate the
Ca*' mobilizing cffect of submaximal CCOK concen-
trations [335],

The tnhibitory ellect of TPA was reversed by stau-
rosporine, indicating  the ivolvement of o stau-
rosporine-sensitive isotype of PRC in the mechanism
of action of the phorbol ester.

In order to find an explanation Tor the pronounced
potentiating eflect of TPA on the secretory response Lo
the higher CCK, concentrations, pancreatic acinar cells
were mcubated in the combined presence of TPA and
thapsigargin, a potent inhibitor of intracellular Ca~'-
ATPase activity, Thapsigargin, which evokes a sus-
tained increase in free eytosolic Cas* concentration [20,
30], only moderately stimulated amylase seeretion when
added alone (see also [20]). The seeretory response to
thapsigargin was markedly potentiated by TPA, which

(33

by itselt caused also a moderate stimulation of the
secretory process. However, the maximal eflect that
could be reached with this combination was 2 times
lower than that obtamed with the combiation ol TPA
and CCKy. Differences in the pattern of Ca** mohi-
lization between CCKy and thapsigargin may explain
Lthe inabtlity of TPA to potentiate the seeretory response
to both compounds to the same extent.

Thapsigargin mhibited the secrctory response to
CCK, dose dependently. Inhibitory effects of thapsi-
gargin or the Ca** ionophore, A23187, on reeeptor-
stimulated amylase secretion have been deseribed for
the Ca-'-mobilizing secretagogues [, 20]. The latter
observation might suggest that the mability of TPA to
cqually potentiate the seeretory response to thapsigar-
gin and CCKg can be explained by this inlubitory action
of thapsigargin, However, no supramaximal inhibition
was observed when acinar cells were stimulated with
TPA 1n the presence of increasing concentrations of
thapsigargin, Morcover, thapsigargin was not tound to
inhibil amylase seeretion elicited by cAMP-gencrating
seerctagogues [20]. These observations argue against an
inhibitory action of thapsigargin downstream of the
receptor=stimulated production of second messengers,

The possibility that the potentiating eflect of TPA
on the seerctory response to the higher CCOKy coneen-
trations was caused indirectly through ¢cAMDP-depen-
dent activation of PKA could be ruled out since 'TPA
did not aflect the cellular cAMDP content in CCKgestim-
wlated acinar cells, In contrast, staurosporine caused
an addittonal merease in cAMP content in forskolin-
stimulated acinar cells, This potentiating ellect of stau-
rosporine was still observed i the presence of 1BMX,
an inhibitor of cyvelic nucleotide phosphodiesterase
activily, indicating that the drug excerted its eflect at
the level of adenylyl-eyelase-catalysed ¢cAMP forma-
tion, Elleets of staurosporine on basal ¢AMP Jevels
were only abserved in the presence of TBMX.

An alternative explanation for the potentiating eflect
of TPA might be that higher concentrations of CCOK,
produce a factor other than cAMP, Ca*' or 1,2-di-
acylglycerol, which becomes only seerctory active in the
presence of TPA.

Inhibitory ellects of TPA on the process ol seereti-
gogue-evoked enzyme secretion have been reported
before [14, 21, 33] However, in these studies, using acini
rather than acinar cells, TPA was not found to
significantly increase the eflicacy ol the seeretagogues
14, 21]. But, whereas the dose/response curves pro-
duced in the latter two studies were sharp-pointed. the
curve produced m the present study lacked a clear-cut
maximunm, preceded by a sharp upstroke, occurring
over 2 orders of magnitude, and followed by a sharp
downstroke, In fact, the dose/response curve for COK
alone, produced in the present study, resembled that
obtained with either carbachol or CCK in the presence
of staurosporine [21]. In the latter study, the cflect of
staurosporine wis much more pronounced than in the
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present study. These observations suggest that, due to
an inadequate activation of staurosporine-sensitive
protein kinases, CCKj concentrations above 0.1 nM
were unable to fully develop their secretory capability
in the present study.

Staurosporine alone markedly decreased the eflicacy
of CCKy. In fact, staurosporine appeared to flatten the
dose/response curve by reducing the stimulatory eftect
of CCK, concentrations above 0.1 nM, without aftect-
ing the response to concentrations below 0.1 nM.
Comparable results have been obtained in rat [21] and
guinea-pig acini[29]. In a previous study we have shown
that the concentration of 0.1 nM forms the breaking
point in the dose/response curve for the effect of CCK
on the pattern of Ca*' mobilization in acinar cells.
Below this concentration CCKg recruits acinar cells
displaying oscillatory changes in free cytosolic Ca**
concentration dose dependently. Above this concen-
tration a dose-dependent increase in the size of the ini-
tial Ca?* transient is paralleled by a dose dependent
decrease in size of the subsequent Ca?* oscillations [34].
Since staurosporine is a potent inhibitor of kinase activ-
ity, the present observations suggest that low concen-
trations of secretagogue stimulate secretion in a
kinase-independent manner, most probably by causing
periodic local Ca®* rises in the secretory pole [13, 28]
sufficiently high to stimulate the process of exocytosis
(16, 17].

Binding studies using ['*’I] Bolton-Hunter-CCK,
have indicated that pancreatic acinar cells possess
CCK-binding sites with either high or low affinity for
CCK [10}]. Occupancy of the high-affinity state recep-
tor by CCK or its synthetic COOH-terminal hep-
tapeptide analogue, JIMV-180 [9], has been associated
with the upstroke of the dose/response curve for amy-
lase release, the stimulation of phosphatidylcholine
hydrolysis to yield 1,2-diacylglycerol, and the induction
of cytosolic Ca?* oscillations with minimal stimulation
of phosphatidylinositol 4,5-bisphosphate hydrolysis
[18]. In a recent study, pretreatment of rat acini with
subnanomolar TPA concentrations, believed to
increase the activity of PKC in the physiological range
[4], was shown to cause supramaximal inhibition of the
secretory response to a phenethyl ester analogue of
CCKj, which by itself did not display supramaximal
inhibition [8]. At the same concentrations, the phorbol
ester did not affect the secretory response to the lower
concentrations of the analogue. Interestingly, the effect
of the phorbol ester was found to be mimicked by min-
imally effective CCKy concentrations, acting through
high-affinity CCK receptors. These observations sug-
gest that PKC plays a role in supramaximal inhibition.
In the present study, pretreatment with staurosporine
did not affect CCKj-evoked supramaximal inhibition.
suggesting the involvement of a staurosporine-insensi-
five 1sotype of PKC. Moreover, the observation that
the CCK dose/response curve was still biphasic in the
presence of TPA, shown previously to transform high-
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affinity CCK receptors to a state of low-allinity [35],
demonstrates that supramaximal inhibition occurs also
through activation of low-aflinity receptors.

In conclusion, the data presented demonstrate that
the secretory response of dispersed pancreatic actnar
cells to CCKy can be considerably improved when
simultaneously kinases are artificially activated by the
action of either forskolin or TPA. Moreover, they show
that in the combined presence of staurosporine and
either forskolin or TPA both the maximally and half-
maximally effective CCKy concentrations tend to shift
to lower concentrations of the secretagogue. Detailed
information on the secretory activity of dispersed pan-
creatic acinar cells under the various experimental con-
ditions is of importance with respect to ongoing studies
employing the patch-clamp technique to monitor
changes in membrane capacitance as & measure ol €xo-
cytotic secretion.
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