BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 238, 202—-206 (1997)

ARTICLE NO. RC977163

Wortmannin-Sensitive Activation of p70S6-Kinase and
MAP-Kinase by the G Protein-Coupled Receptor, G/CCKg

Catherine Seva,! Aline Kowalski-Chauvel, Laurence Daulhac, Christel Barthez,

Nicole Vaysse, and Lucien Pradayrol

INSERM U.151, Groupe de Recherche de Biologie et Pathologie digestive, Institut Louis Bugnard,

CHU Rangueil, 31403 Toulouse, France

Received July 18, 1997

The gastrin/CCKg (G/CCKpg) G protein-coupled recep-
tor has been shown to mediate the proliferative effects
of gastrin on normal and neoplastic gastro-intestinal
tissues. In the present study, we examined the signal
transduction mechanisms coupled to this receptor. We
report here that phosphorylation and activity of the
p70°°K, whose major substrate is the ribosomal S6 pro-
tein, are enhanced in response to gastrin. These effects
were completely reversed by a commonly used PI-3-
kinase inhibitor, wortmannin, suggesting that p70%«
may be a downstream target of PI-3-kinase in a signal-
ing cascade induced by gastrin. In addition, blocking
Pl-3-kinase activity by wortmannin partially de-
creased gastrin-induced MAPK activation (42% =+ 3) as
well as the tyrosine phosphorylation of Shc (50% = 6),
an upstream regulator of the Ras-dependent MAPK
pathway. These results indicate that at least two sig-
naling pathways lead to MAPK activation by gastrin,
only one of which is sensitive to Pl-3-kinase inhibitors.
© 1997 Academic Press

Gastrin, a peptide hormone produced by antral G
cells, is a potent stimulant of gastric acid secretion (1).
Gastrin is also known to function as a growth factor
stimulating proliferation of normal and neoplastic gas-
trointestinal cells (2-6). Trophic effects of gastrin have
been reported on colon, gastric and pancreatic cancer
cell lines in vitro (3, 4) or transplanted in vivo (5, 6).
We have previously reported that gastrin, acting via a
specific transmembrane G protein-coupled receptor (G/
CCKGp), stimulates the tyrosine phosphorylation of sev-
eral proteins including the adaptor protein Shc (7).
Phosphorylated Shc subsequently associates with the
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Grb2/Sos complex and initiates the MAP Kinases
(MAPK) cascade, a pathway known to play an im-
portant role in cell proliferation. We recently demon-
strated that gastrin also stimulates the PI-3-kinase (8),
a lipid kinase known to be activated by a large number
of hormones and growth factors (9).

The Ser/Thr kinase p70S6-Kinase (p70°%%), whose
major substrate is the ribosomal S6 protein, appears
to be an important element in the regulation of proteins
synthesis and cell proliferation by mitogens (10). The
mechanisms leading to p70°®< activation are still poorly
understood, however, several recent studies suggest
that P1-3-kinase lies upstream of p70°®“. Indeed, mu-
tant forms of PI-3-kinase that are constitutively active
indirectly stimulate p70°®* phosphorylation and acti-
vation (11). In contrast, blocking PI-3-kinase activity
by receptors mutations or PI-3-kinase inhibitors, pre-
vents the activation of p70°¢ by growth factors (12).
We have previously reported that gastrin exerts
growth-promoting effects on a tumor-derived pancre-
atic acinar cell line (AR4-2J) through the G/CCKg G
protein-coupled receptor (3, 13). We therefore investi-
gated whether this peptide could regulate the p70°°¢ in
this cellular model and we examined the involvement of
Pl1-3-kinase activation in this pathway. We also as-
sessed the role of PI-3-kinase in gastrin-mediated
MAPK activation.

We report that gastrin regulates the activation of
p70°%¢ by a pathway sensitive to PI-3-kinase inhibitors.
In addition, we demonstrate that PI-3-kinase activity
could be involved in gastrin-mediated MAPK signaling
pathway at a point upstream of Shc phosphorylation.

EXPERIMENTAL PROCEDURES

Cell culture. AR4-2J cells, originally obtained by Jessop and Hay
(14) from a rat exocrine pancreatic tumor were a gift from Dr. C.
Logsdon (Ann Arbor, Ml). The cells were grown in Dulbecco’s modi-
fied Eagle’s medium (DMEM), supplemented with 10% fetal calf
serum.
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Immunoprecipitation. AR4-2J cells were serum starved in
DMEM for 18h before peptide addition. After stimulation, the cells
were washed with ice cold buffer A (50 mM Hepes, 150 mM NacCl,
10 mM EDTA, 10 mM Na,P,0, 100 mM NaF, 2 mM orthovanadate,
pH 7.5) and homogenized in 500 pl lysis buffer (buffer A containing
1% Triton X-100, 0.5 mM phenylmethylsulfonylfluoride, 20 uM leu-
peptin, 100 Ul/ml Trasylol) for 15 min at 4°C. The solubilizates were
immunoprecipitated with the indicated antibodies preadsorbed on
protein-A sepharose.

Western blotting analysis. Immunoprecipitates, prepared as de-
scribed above, were separated by SDS-PAGE and proteins were
transferred to polyvinylidene difluoride (PVDF) membranes (Immob-
ilon PVDF Millipore). Membranes were blocked with saline buffer
(10 mM Tris, 140 mM NaCl, pH 7.4) containing 5% bovine serum
albumin (BSA) or non-fat dried milk and incubated overnight with
the indicated antibodies. Proteins were visualized by using *I-pro-
tein-A followed by autoradiography.

P70S6-kinase assay. After immunoprecipitation with a specific
anti-p70°°¢ antibody, immune-complexes were incubated for 30 min
at 37°C in reaction buffer (50 mM MOPS, 1 mM dithiothreitol, 30
uM ATP, 5mM MgCl,, 10 mM 4-nitrophenylphosphate, pH 7.2), con-
taining [y-**P]-ATP (0.3 uCi) and S6 protein derived from 40S ribo-
somes. Proteins were then separated by SDS-PAGE and revealed by
autoradiography.

Immune complex assays for MAPK activation. After immunopre-
cipitation with a specific anti-p44-MAPK antibody, immune-com-
plexes were incubated for 30 min at room temperature in reaction
buffer (50 mM Hepes, pH 7.5 containing 150 mM NacCl, 200 uM
orthovanadate, 0.1% Triton X-100, 10% glycerol, 0.5 mM phenyl-
methylsulfonylfluoride, 20 uM leupeptin, 100 Ul/ml Trasylol) with
Myelin Basic Protein (MBP) at 0.2 mg/ml, 10 mM Mg Acetate and
[y-**P]-ATP (3000 Ci/mmole). The reaction was stopped by depositing
the samples on P81 Whatmann chromatography paper immersed in
1% orthophosphoric acid. After 3 washes in 1% orthophosphoric acid,
the radioactivity was counted.

Materials. Human gastrin,;;,s was purchased from Bachem
(Switzerland). **°1-Na (100 mCi/ml) was obtained from Amersham
and [y**P]-ATP (3000 Ci/mmol) from Isotopchim. Ptdins from bovine
liver and wortmannin were purchased from Sigma (France). Anti-
phosphotyrosine and anti-Shc antibodies were from Upstate Biotech-
nology (Euromedex, France). Anti-p70°¢ and anti-p44-MAPK anti-
bodies were obtained from Santa Cruz (Tebu, France).

RESULTS
p705%¢ activation in gastrin-treated AR4-2J cells.
Given the role of p70°°¢ in the mitogenic response (10),
we first analysed the ability of gastrin to activate the
p70°c in AR4-2J cells. P705%¢ activity was measured
in an immunocomplex kinase assay using a specific
p70°°K anti-antibody. As shown in figure 1A, treatment
of the cells with 10 nM of gastrin caused a potent in-
crease in p70°% activity detectable at 5 min. The acti-
vation was transient, reached a maximum (2.58 fold +
0.16, n = 5) 15-30 min after peptide addition and de-
clined thereafter. Pretreatment of the cells with 1 ng/
ml of the immunosuppressant rapamycin, which selec-
tively blocks the activation of p70%®* by a number of
mitogens, also abolished the activation of this enzyme
by gastrin (fig. 1B).

Inhibition by wortmannin of gastrin-induced activa-
tion of p70°°%. It has been recently reported that P1 3-
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FIG. 1. p70%K activation in gastrin-treated AR4-2J cells. (A)
AR4-2J cells were incubated for the times indicated with 10 nM of
gastrin. (B) Cells pretreated for 1h in the absence or presence of 1
ng/ml of rapamycin were subsequently stimulated or not with 10 nM
of gastrin for 30 min as indicated. P705% was immunoprecipitated
(IP) with a specific anti- p70%%¢ antibody and its kinase activity was
assayed on ribosomal S6 protein as described under “Experimental
procedures”. The arrow indicates the phosphorylated S6 protein. The
data presented are representative of five independent experiments
with similar results.

kinase may play a critical role in the signaling pathway
leading to p70%%* activation (11, 12). In addition, we
have previously demonstrated that gastrin activates
the PI 3-kinase in AR4-2J cells (8). We therefore inves-
tigated the role of this enzyme in gastrin-induced acti-
vation of p70%¢ by using wortmannin, a commonly
used Pl 3-kinase inhibitor. Pretreatment of the cells
with increasing concentrations of wortmannin led to a
dose-dependent inhibition of the p70°°¢ activity (fig. 2)
precipitated from gastrin-stimulated cells, suggesting
that P1 3-kinase lies upstream of p70°¥ in a signaling
cascade induced by gastrin. The wortmannin concen-
tration required for a 50% inhibition was approxi-
mately 5 nM and complete inhibition of gastrin-induced
p705%¢ activity was observed at 100 nM.

Inhibition by rapamycin and wortmannin of gastrin-
induced p70°®¢ phosphorylation. Activation of p705«
by growth factors has been shown to correlate with
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FIG. 2. Inhibition by Wortmannin of gastrin-induced activation
of p70°¢. AR4-2J cells were pretreated for 1h in the absence or
presence of increasing concentrations of wortmannin. Cells were sub-
sequently incubated or not with 10 nM of gastrin for 30 min as
indicated. S6 kinase activity was measured in anti-p705% immuno-
precipitates (IP) as described under “Experimental Procedures”. The
arrow indicates the phosphorylated S6 protein. The data presented
are representative of three independent experiments with similar
results.

its phosphorylation on Ser/Thr residues (15, 16). We
therefore examined whether p70°®¢ could be phosphor-
ylated in response to gastrin by measuring the reduc-
tion in the electrophoretic mobility of the protein on
SDS polyacrylamide gel. A slower migrating form of
p70°°F was detected by immunoblot in gastrin-treated
cells (fig. 3) indicating that gastrin activation of p705%«
is correlated with increased phosphorylation of the pro-
tein in AR4-2J cells. A total inhibition of gastrin-in-
duced p70°*¢ phosphorylation was observed in cells
pretreated with rapamycin or wortmannin at drug con-
centrations which also abolish the activation of the en-
zyme by gastrin.

Inhibition of gastrin-induced MAPK activity by the
Pl 3-kinase inhibitor, wortmannin. We then exam-
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FIG. 3. Inhibition by Rapamycin and Wortmannin of gastrin-
induced p70%°¢ phosphorylation. AR4-2J cells were pretreated for 1h
in the absence or presence of 1 ng/ml of rapamycin or 100 nM of
wortmannin. Cells were subsequently incubated or not with 10 nM
of gastrin for 30 min as indicated. Cellular proteins were immunopre-
cipitated with an anti-p705°¢ antibody and western blotted with the
same antibody. The arrows indicate the positions of p70°°¢ at various
phosphorylation states. The data presented are representative of
three independent experiments with similar results.
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FIG. 4. Inhibition of gastrin-induced p44-MAPK tyrosine phos-
phorylation by the PI 3-kinase inhibitor, wortmannin. AR4-2J cells
were pretreated for 1h in the absence or presence of increasing con-
centrations of wortmannin. Cells were subsequently incubated or not
with 10 nM of gastrin for 3 min as indicated. Cellular proteins were
immunoprecipitated with an anti-p44-MAPK antibody and western
blotted with an anti-phosphotyrosine antibody. The arrows indicate
the migration of precipitated p44-MAPK. The data presented are
representative of three independent experiments with similar re-
sults.

p44 MAPK —pp |

ined the role of PI 3-kinase in gastrin-mediated MAPK
signaling pathway. Tyrosine phosphorylated p44-
MAPK was visualized by immunoprecipitation with an
anti-p44-MAPK antibody and western blotting with an
anti-phosphotyrosine antibody. Preincubation of the
cells with wortmannin led to a dose-dependent attenu-
ation of p44-MAPK tyrosine phosphorylation (fig. 4).
Maximal inhibition of 40% + 4 (n = 3) was obtained
with wortmannin 100 nM. Inhibition obtained with a
higher concentration (1000 nM) was not significantly
different.

To directly assess wortmannin effects on gastrin-in-
duced MAPK activation, we assayed MAPK catalytic
activity in vitro using Myelin Basic Protein as sub-
strate. Pretreatment of AR4-2J cells with increasing
concentrations of wortmannin partially inhibited
MAPK activation in response to gastrin (fig. 5). The
maximal inhibition achieved with 100 nM wortmannin
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FIG. 5. Inhibition of gastrin-induced MAPK activity by the PI 3-
kinase inhibitor, wortmannin. AR4-2J cells were pretreated for 1h in
the absence or presence of increasing concentrations of wortmannin.
Cells were subsequently incubated or not with 10 nM of gastrin for
3 min as indicated. Immune complex assays for MAP Kkinase activity
were performed as described under “Experimental Procedures”.
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FIG. 6. Inhibition of gastrin-induced Shc phosphorylation by the
PI 3-kinase inhibitor, wortmannin. AR4-2J cells were pretreated for
1h in the absence or presence of different concentrations of wortman-
nin as indicated. Cells were subsequently incubated or not with 10
nM of gastrin for 3 min. Cellular proteins were immunoprecipitated
with an anti-Shc antibody and western blotted with an anti-phospho-
tyrosine antibody. The arrows indicate the migration of precipitated
p52-kDa Shc isoform. The data presented are representative of three
independent experiments with similar results.

(42% + 3, n = 3) was similar to that obtained with the
inhibitor on gastrin-induced MAPK tyrosine phosphor-
ylation. The basal MAPK phosphorylation and activity
was not significantly affected by treatment of the cells
with wortmannin alone. In addition, to demonstrate
that MAPK inhibition was not due to non specific ef-
fects of the drug on MAPK itself, Pl 3-kinase inhibitor
was included in the immunocomplex kinase assay in
vitro. No inhibitory effect was observed on the basal
MAPK activity (data not shown).

Inhibition of gastrin-induced Shc phosphorylation by
the PI 3-kinase inhibitor, wortmannin. Tyrosine phos-
phorylation of Shc proteins and subsequent complex
formation with Grb2 and Sos appear to be a common
mechanism by which tyrosine kinase receptors and
gastrin receptors initiate the activation of MAPK (7,
17). We therefore examined whether gastrin-induced
Shc phosphorylation was altered by wortmannin pre-
treatments. Lysates from cells pretreated with Pl 3-
kinase inhibitor prior peptide stimulation were immu-
noprecipitated with an anti-Shc antibody and analysed
by western blot using an anti-phosphotyrosine anti-
body. As shown in figure 6, the tyrosine phosphoryla-
tion of p52-kDa Shc isoform in response to gastrin was
maximally decreased by 50% = 6 (n = 3) in the presence
of 100 nM wortmannin, indicating that Pl 3-kinase is
required upstream of Shc proteins in the gastrin-medi-
ated MAPK activation signaling pathway.

DISCUSSION

Activation of the Ser/Thr kinase p70%®%, whose major
substrate is the ribosomal S6 protein, appears to be
one mechanism by which mitogens regulate synthesis
of proteins required for cell proliferation (10). This en-
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zyme has been reported to be activated by a large num-
ber of hormones and growth factors that stimulate cell
proliferation (18-22). In addition, inhibition of p70%®«
activity by specific inhibitors or antibodies raised
against p70°®¢ represses protein synthesis and cell pro-
liferation induced by serum or growth factors (18, 21,
23, 24). P70%%¢ function has also been shown to be es-
sential for cell cycle progression as well as for the ex-
pression of immediate early gene products involved in
cell growth (23).

In the present study, we demonstrate that gastrin,
acting through a G protein-coupled receptor, potently
stimulates the enzymatic activity of p70%°“. This acti-
vation correlated with enhanced phosphorylation of the
protein. Both phosphorylation and activity of the S6
kinase induced by gastrin were completely blocked by
rapamycin at drug concentrations similar to those re-
ported to inhibit activation of the enzyme by other
growth factors (25, 26).

Results recently obtained in our laboratory demon-
strated that activation of Pl 3-kinase is a common in-
tracellular event initiated by tyrosine kinase receptors
and the G/CCKg G protein-coupled receptor (8). Here
we report that gastrin-induced p70°° activity was com-
pletely reversed by the commonly used PI 3-kinase in-
hibitor, wortmannin, suggesting in accordance with
other reports that p70°®* could be a downstream target
of the Pl 3-kinase pathway. Wortmannin also pre-
vented the full activation of MAPK by gastrin, indicat-
ing that PI 3-kinase forms a possible link between the
gastrin receptor and the MAPK pathway. However, the
drug did not completely inhibit the increase in MAPK
activity induced by gastrin even at the maximal concen-
trations of wortmannin utilized. This partial inhibition
indicates that at least two signaling pathways lead to
MAPK activation by gastrin, only one of which is sensi-
tive to Pl 3-kinase inhibitors. Additional work will be
required to identify the wortmannin-insensitive path-
way and determine its contribution to gastrin-induced
MAPK activation.

To go further into the mechanism that relay the
signal from the PI 3-kinase to MAPK, we investigated
the effect of wortmannin on gastrin-induced Shc
phosphorylation. Indeed, tyrosine phosphorylation of
Shc and its subsequent association with the Grb2/
Sos complex appear to be common mechanisms by
which tyrosine kinase receptors and G/CCKg recep-
tors stimulate the Ras-dependent MAPK pathway.
Gastrin-induced Shc phosphorylation was partially
decreased when cells were pretreated with wortman-
nin indicating that Pl 3-kinase activity could be in-
volved in gastrin-mediated MAPK signaling pathway
at a point upstream of Shc phosphorylation. To con-
firm these results, we also tested on gastrin action
the effects of LY-294002, another PI 3-kinase inhibi-
tor structurally unrelated to wortmannin. The maxi-
mal inhibitions of Shc phosphorylation and MAPK
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activation achieved with LY-294002 (100 uM) were
similar to those achieved by wortmannin.

In summary, our results demonstrate that gastrin
regulates the activation of p70%°¢ by a pathway sensi-
tive to PI-3-kinase inhibitors. They also suggest that
PI1-3-kinase activity could be involved in gastrin-medi-
ated MAPK signaling pathway at a point upstream of
Shc phosphorylation.
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