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SUMMARY: In pituitary cells in primary culture, ACTH and PGEg secretions can be simultaneously
stisulated by TPA, in the presence of Ca®™ . However, whilst PGEe secretion is under an absolute
requirement for Ca®, ACTH secretion is not. Both secretions are inhibited by dexamethasone but to
various extents: PGEe release is abolished in the presence of dexamethasone whilst only 35X% of the
TPA -induced ACTH release is sensilive to dexamethasone. Similar inhibitory effects are observed
with mepacrine, a PlAg-inhibitor, suggesting that PLAg-activation could be related to these
secretory processes. Since PLAg-inhibition by dexamethasone is claimed to be mediated via
lipocoriin, these results suggest that a lipocortin-like protein is present in pituitary cells and
could be involved in the TPA-induced secretions of PGEg and ACTH, © 1986 Academic Press, Inc.

Phorbol esters, such as 412-O-tetradecanoylphorbal 13-acetate (TPA), activate numerous cellular
responses including cell growth and hormone secretion (4,2) by activating the calcium and
phospholipid-dependent enzyme protein kinase C (3,4}, For instance, in normal and neoplastic
pituitary cells, TPA induces ACTH secretion, to an extent similar to thal triggered by factors such
as CRF and forskolin whose effecls are mediated via the cAMP-dependent protein kimase system (5,6).
In fibroblasts, TPA is able to induce the release of arachidonic acid from membrane phospholipids
and its conversion into prostaglandins (7)., These TPA-induced secretions ( ACTH in pituitary cells
and prostaglandins in fibroblasts )} are both inhibited by dexamethasone, a polent glucocorticoid

agonist (6,8) that is thought to inhibit prostaglandins secretion, by increasing the synthesis of a

Abbreviations: TPA, 12-0-tetradecanoylphorbol  13-acetate; ACTH, adrenocorticotropin; PGEg,
prostaglandin Eq; PLA;, phospholipase Ag; CRF, corticolropin releasing factor; BSA, bovine serum
albumin,
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protein (lipocortin) inhibitor of the enzyme phospholipase Az (PLAg) responsible of the liberation
of arachidonic acid from membrane phospholipids (9-11}.

In order to establish whether the inhibitory effects of dexamelhasone on ACTH and PGEg release are
mediated via the same intracellular processes, we have compared the stimulatory effect of TPA on
both ACTH and PGEe secretions and the inhibitory effect of dexamethasone on these induced
secretions in rat pituitary cells in primary culture. Since the effect of TPA invelves a Ca®*-
dependent kinase and that Ca®* has been shown to activate PLAg (12), we have also examined the role

of Ca® on these secretions.

MATERIALS AND METHODS

Materials: Medium 197 (with 1.8 oM Ca®* and without Ca®*) and fetal calf serum were oblained from
Flow Laboratories, Hank's salt solution and penicillin/streptomycin from Gibco, trypsin and TPA
from Sigma, forskolin from Calbiochem Hoechst, ionophore A23187 {rom Boehringer Mannheim and
mepacrine from Boots. Dexamethasone was synthetised at the Roussel-Uclaf Research Center.
Preparation of solutions: lonophore A23187 was initially disselved in dimethylsulfoxide to achieve
a concentration of 0.1 M. Forskolin, dexamethasone, TPA were dissolved in ethanol. Subsequent
dilutions were prepared in medium 199. Control cultures received ethanol and/or dimethylsulfoxide
at the same dilution. These concentrations of ethanol or dimethylsulfoxide had no effect on basal
or induced secretion of ACTH and PGEs. The complete culture medium consisied in medium 199
supplemented with 0.3% of bovine serum albumin (BSA) and 0.5% of a penicillin/streptomycin selution
(solution: 10 000 units/ml of penicillin and 10 mg/ml of sireptomycin).

Preparation of Dispersed Anterior Pituitary Cells: Pituitary dispersion was performed according to
Vale et al. (13) with slight modifications @ adult male Sprague-Dawley rats (190~210g) were
decapitated and their pituitary glands were imsediately removed. Pituitaries (10 glands) were
rinsed twice with 5 ml of Hank's salt solulion containing 0.3% BSA maintained at room temperature.
The neurohypophyses were removed and the adenohypophyses were finely minced in a Petri dish
containing 5 ml of complete medium, then transferred to a 50 ml centrifugation tube and allowed to
settle. The medium was decanted and replaced twice to remove the resnants of lysed cells disrupted
during mincing of the tissue. The adenohypophyses were then disrupted at 37°C with vigorous shaking
for three successive 15 min periods in 10 ml of complete medium containing 0.25% trypsin. Every 15
ain the fragments were drawn in and out of a Pasteur Pipette. Finally the solution was filtered
through organza cloth to remove residual tissue fragments. Cosplete mediua (10 ml) supplemented
with 101 fetal calf serum was added to the filtrate to inhibit trypsin. After centrifugation at
800g for 10 min, the cell pellet thus oblained was resuspended in complete medium supplemented with
10% of fetal calf serum. The cells were counted with the aid of a hemocytometer and their viability
was tested by trypan blue exclusion.

Effects of Test-Compounds on ACTH and PGEy Secretion: 5.10® dispersed cells in complete medium
supplemented with 101 of fetal calf serum were distributed in Linbro multiwell Petri dishes and
maintained for twe days at 37°C under 5% C0g-95% air. After this period, the medium was removed and
replaced by complete medium without BSA but supplemented with 10% felal calf serum. On day 5 of the
culture, test-compounds ({ forskolin, A23187 and TPA ) were added in 1 ml of medium 199. Four hours
later, media were removed by aspiration. One part was stored frozen until PGEx determination, the
other part was acidified with 3% HC1 N before freezing and kept frozen until ACTH delerminalion,
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Test-compound activily was expressed as the compound concentration giving a half-maximal response
(EDso)
Effects of Dexamethasone on Induced ACTH and PGEg Secretion: Various concentrations(0.1nM-1pM) of

dexamethasone were added to the sedium 1 hour before the addition of tesl-compounds. Dexamelhasone
activily was expressed as the dexamethasone concentration producing a half-saximal inhibition of
ACTH and PGEg secretion (ICso).

ACTH and PGEy Delerminalion: The concentration of ACTH in the culture medium was measured by
radioimmunoassay using an antibody supplied by Bioproduct. The sensilivity of this double antibody
assay was 20 pg per tube, PGEp concentration was delermined by a radioimmuncassay, as previously
described {14) wusing rabbit anti-PGE; antiserum (Pasteur Institutle, Paris, France) and a method
involving overnight incubation at 5°C followed by a separation of the bound and free compound by
dextran-coated charcoal. The sensivily of the assay was 1 pg per lube.

RESWLTS
Effect of A23187 on ACTH and PGEg release: Al none of the concentrations tested (1 nM-10 M) did

the ionophore A23187 modify ACTH secretion; this is in contrast to previously published results
with tumor pituitary cells (15,16). On the contrary, addition of AZ3187 to the culture medium led
to marked PGEy release into the medium. In the presence of 1.8 wM Ca®*, the PGEe release depended
upon the concentration of added A23187 (EDyo = 0.3 JM). A 10 UM concentration of AZ23187 led to a
saximal 12-fold increase in PGEe (Fig.1.A). This effect was Ca®* dependent since in a Ca®*-free
aedius, AZ3187 was inactive (Tab.1).

Dexamethasone, added 1h before A23187, inhibited PGEy release only if AZ3187 concentralions were

lower than 0.5 pM. With 0.4 yM A23187, the inhibitary effect of dexamelhasone was dose dependeni
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Fig.4. Etfect of A23187 and TPA on ACTH and PGE, secretion. Pituitary cells in primary culture (5
10® cells/dish) were incubated for 4 in the presence of the indicated concentrations of A23187 (R)
or TPA (B}, control value = Sng/al for ACTH (A} and 0.3ag/al for PGEe (@).
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Table 1

PGE: release (ng/ml)

ACTH release (ng/ml)

-DEX +DEX -DEX + DEX
Control 0.42 + 0.03 ND 0.77 £ 0.07 ND
Control + Ca2+ 06 *+0.1 0.38 £ 0.03 2.7 *02 1.5 ¢ 0.03
TPA. 0.69 £ 0.08 0.45 + 0.08 10.2% 0.9 6.7 £ 0.6
TPA + Ca2+ 24 +01 0.79 + 0.01 2. 1 16. +2.
A 23187. 0.52 * 0.01 0.53 * 0.09 0.6 % 0.06 06 %01
A23187 + Caz+ 42 +04 ND 083t 0.2 ND
A23187 + TPA. 1.9 + 0.1 1.28 £ 0.05 74 £ 05 7.35 £ 0.02
A23187 + TPA+Caz+. 12. £ 1.6 68 £08 5004 9.0 *1.

Effect of Ca®™ on ACTH and PGEg release. Pituitary cells vere preincubated for 1h with or

vithout 50 oM dexamethasene,

in sedimi99 without Ca® or with 1.8 aM Ca®*. Then cells were

incubated for 4h with 0.1 WM TPA and/or with 0.4 j¥ A23187. The resulls were given as mean + S.EM.

of three different wells.

(ICso = 1.6 nM),(Fig.2.A}. A 100 nM concentration of dexamethasone led to a saxisal 45X inhibition

of PGEe release. A similar inhibition was oblained with 50 pM mepacrine, a well-known inhibiter of

PlAg activity (17), suggesting thal this PGEg secretion was reiated to an activation of the Ca®*-

dependent enzyme PlAg.
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Fig.2. Effect of dexamethasone on ACTH and PGEg secretion. Cells were preincubated for 1h with the
indicated concentrations of dexasethasone, and then incubated for 4h in the presence of 0.4 it
A23187 (A} or 0.1 M TPA(@) or 10 W forskolin (&), Resulls are expressed as percent inhibition of

the stisulation.
release was 0.7ng/al,

(A} PGEg basal release vas 0.3ng/ml, TPA increased it to 1.éng/ml, and PGEg basal
ionophore increased it to 3.5ng/ml. (B) ACTH basal release was Sng/ml, TPA

increased it to 33ng/nl and ACTH basal release was 7ng/ml, and forskolin increased it to 34ng/sl.
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Effect of TPA on ACTH and PGEg release! TPA stimulated in a dose-related manner the secretion of

both ACTH and PGEy (Fig.1.B). In the presence of 1.8 aM Ca® in the sedium, a 100 nM TPA
concentration was necessary %o achieve maximal PGEy release. This effect was quantitatively similar
to that induced by 0.4 jM A23187. The TPA-induced release of PGEg was under an absolule requirement
for Ca®! in a3 Ca®*-free medium TPA alone did not significantly increase PGEg secretion (Tab.1).
However, TPA-induced stisulation of PGEg was restored if AZ3187 (0.4 PM) was added to the
incubation medium.

Pretreatment of the cells for 1h with dexamethasone led to a maximal 80% inhibition of TPA-induced
PGEg release (Fig.2.A). This inhibition was dose-dependent {1Caso= 1.5 nM, a value comparable to
that obtained on AZ3187-induced PGEe release). A similar inhibilion was achieved when cells were
preincubated with 50MM of the PLAp inhibiler mepacrine. When PGEg release was induced by bolh TPA
and ionophore, whether in the presence or in the absence of extracellular Ca®, dexamelhasone was
slightly less potent since an inhibilion of only 44% was observed with a 50 nM concentration of

dexamethasone (Tab.1).

In the presence of 1.3 aM Ca®* maximal release of ACTH was observed for a TPA concentration of 10
oM (Fig.1.B). This stimulation was quantitatively higher than that triggered by 10 uM forskelin (7-
fold increase vs S5-fold with forskolin, results not shown). This ACTH secrelion did not seem 1o be
dependent on extracellular Ca®*, In a Ca®* free medium the percentage of stimulation by TPA was
similar to that observed in the presence of 1.8 aM Ca®* (Tab.1), in spite of the lower basal ACTH
levels in (a® free medium, the concentralion of ACTH released was lower. In contrast lo PGEy
release, ACTH release was not increased by the adddition of A23187 to the Ca®*—free nedium. In
certain experiments, a slight inhibitory effect was observed.

In the presence of 1.8 oM C(Ca®*, addition of dexamethasone to tUhe culture medium led to an
inhibition of TPA-induced ACTH secretion. This inhibition was dose-dependent (ICso = 1.6 oM, a
value similar to thal observed on forskelin-induced secrelion) (Fig.2.B}. Bul, while dexamethasane
was able to inhibil completely forskolin-induced ACTH release, il had only a partial inhibitory
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effect (35%) on TPA-induced ACTH release as observed with mepacrine which had no effect on the

forskolin-induced ACTH secretion.

DISCUSSION
Qur results show that, in rat pituitary cells in primary culture, TPA can stimulate both ACTH and
PGEg secretion, however, the pathways of stisulation seem to be different since, while PGEg
secretion was under an absolute requirement for Ca®*, ACTH secretion was not. In a Ca®*-free
medium, TPA can induce PGEg secretion only if AZ3187 was added, while, under the same conditions,
ACTH secretion was nol modified. These resulls suggest that in pituitary cells, like in other
systems (18,19,20), mobilization of intracellular Ca®*, while ineffective by itself (no effect of
AZ3187 alone in a Ca® -free medium), is a prerequisite for the induction of PGEp release by TPA. It
does nol seem necessary for the induction of ACTH respanses. Bath ACTH and PGEg secretions induced
by TPA, can be inhibited to various extenls by dexamethasone: PGEg release can be totally inhibited
while ACTH release is inhibited up to 35% only. In both cases, mepacrine, a PLAe-inhibitor has the
same effect as dexamethasone. Thus, TPA-induced PGEg release and 35% of ACTH release could be

related to an activation of PlAg.

It has been shown that, the inhibitory effect of dexamethasone on PLAg is due to ils abilily to
provoke the synthesis of a 40 kD protein, lipocortin (21), which forms a complex with PLAg
rendering the latler inmactive (10). Activalion of PLA¢ can be achieved by dissaciation of the
complex PLAg-lipocortin by phosphorylation of lipacortin. TPA is thought to act by binding to and
activating protein kinase C leading to the phosphorylation of specific protein presumed to be
necessary for eliciting the full response and Hirata has shown that in thymocytes lipocortin
phosphorylation can be induced by kinase C activation (22). Thus, the PGEe secretion and ai least
part of the ACTH secretion, induced by TPA could be due to the phosphorylation of a lipacartin-like
protein thus allowing PLAg to liberate arachidonic acid from membrane phospholipids. Experiments
are in progress to verify that a lipocortin-like protein is effeclively present in pituitlary cells

and could play a role in the secretory processes at the pituitary level.
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