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SlMtMY: In pituitary cells in primary culture, llcTH and P& secretions can be simultaneously 
rtirulated by TPA, in the presence of Ca -. However, uhilst P& secretion is under an absolute 
requirewnt for Ca*+, ACTH secretion is not. Both secretions are inhibited by drxarethasone but to 
various extents: Pnl, release is abolished in the presence of dexarethasone whilst only 35% of the 
TPh -induced MTH release is sensitive to dexarethasone. Similar inhibitory effects are observed 
with uepacrine, a P&-inhibitor, suggesting that P&-activation could be related to these 
secretory processes. Since Pa-inhibition by dexauethasone is claimed to be mediated via 
lipocortin, these results suggest that a lipocortin-like protein is present in pituitary cells and 
could be involved in the TPftinduced secretions of P& and ACTH. 0 1986 Academic press, 1nc. 

Phorbol esters, such as 12-Cl-tetradecanoylphorbol 13-acetate UPAl, activate nuaerous cellular 

responses including cell growth and hormone secretion cl,21 by activating the calcium and 

phospholipid-dependent enzyue protein kinase C (3,41. For instance, in normal and neoplastic 

pituitary cells, TPA induces KTH secretion, to an extent sirilar to that triggered by factors such 

as CRF and forskolin whose effects are rediated via the cMP-dependent protein kinase syster (5,61. 

In fibroblasts, TPA is able to induce the release of arachidonic acid from rerhrane phospholipids 

and its conversion into prostaqlandins (71. These TPCinduced secretions 1 KTH in pituitary cells 

and prostaglandins in fibroblasts 1 are both inhibited by dexauethasone, a potent glucocorticoid 

agonist (6,i3) that is thought to inhibit prostaglandins secretion, by increasing the synthesis of a 

Abbreviations: TPA, 12-0-tetradecanoylphorbol lf-acetate: ACM, adrenocorticotropin; P&, 
prostaglandin EP: PL$, phospholipase 4; CRF, corticotropin releasing factor; R%, bovine serum 
albumin. 
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protein (lipocortin) inhibitor of the enzyme phospholipase I* (PL4J responsible of the liberation 

of arachidonic acid Cm ueubrane phospholipids (9-U). 

In order to establish whether the inhibitory effects of dexauethasone on ACTH and PGEI release are 

mediated via the same intracellular processes, we have corpared the stiuulatory effect of TPB on 

both RCTH and PGE= secretions and the inhibitory effect of dexarethasone on these induced 

secretions in rat pituitary cells in primary culture. Since the effect of TPA involves a Cap’- 

dependent kinase and that Cap+ has been shoun to activate PLsr (121, we have also examined the role 

of CaH on these secretions. 

Haterialr: Medium 199 (with 1.8 ti Cam and without CaNI and fetal calf serum were obtained frou 
Flow Laboratories, Hank’s salt solution and penicillin/streptouycin from Gibco, trypsin and TPR 
from Sigma, forskolin frm Calbiocher Hoechsf, ionophore A23187 froa Doehringer Nannheir and 
repacrine from Roots. Dexamethasone was syuthetised at the Roussel-Uclaf Research Center. 
Preparation of solutions: Ionophore A23187 was initially dissolved in direthylsulfoxide to achieve 
a concentration of 0.1 tl. Forskolin, dexarethasone, TPA were dissolved in ethanol. Subsequept 
dilutions were prepared in redium 199. Control cultures received ethanol and/or direthylsulfoxide 
at the siue dilution. These concentrations of ethanol or dimethylsulfoxide had no effect on basal 
or induced secretion of MTH and PGEa. The complete culture medium consisted in rediw 199 
supplemented with 0.3% of bovine serum albumin tBSf+) and 0.51 of a penicillin/streptouycin solution 
(solution: 10 ODO units/ml of penicillin and 10 ug/rl of streptomycin). 
Preoaration of Diswrsed Anterior Pituitary Cells: Pituitary dispersion MS performed according to 
Vale et al. (13) with slight modifications : adult male Sprague-Dauley rats (190-2109) vere 
decapitated and their pituitary glands we imediately removed. Pituitaries (IO glaods) uere 
rinsed twice with 5 rl of Hank’s salt solution containing 0.3% DSA uintained at room temperature. 
The neurohypophyses were moved and the adenohypophyres rere finely minced in a Petri dish 
containing 5 rl of couplete medium, then transferred to a 50 al centrifugation tube and alloued to 
settle. The medium was decanted and replaced twice to remove the remnants of lysed cells disrupted 
during l incing of the tissue. The adenohypophyses were then disrupted at 37’C with vigorous shaking 
for three successive 15 rin periods in 10 ~1 of complete rediw containing 0.251 trypsin. Every 15 
rin the fraguents were drawn in and out of a Pasteur Pipette. Finally the solution was filtered 
through organza cloth to remove residual tissue fragments. Complete aediw (IO rll suppleaented 
with 10% fetal calf seruu uas added to the filtrate to inhibit trypsin. After centrifugation at 
800g for 10 rin, the cell pellet thus obtained was resuspended in complete medium supplemented with 
10% of fetal calf seruu. The cells uere counted with the aid of a heuocytometer and their viability 
was tested by trypan blue exclusion. 
Effects of Test-Corwunds on ACTH and PGG Secretion: 5.1ob dispersed cells in complete rediuu 
supplerented with 10% of fetal calf serum were distributed in Linbro lultiwll Petri dishes and 
maintained for two days at 37’C under 5% &-95X air. After this period, the rediw was removed and 
replaced by couplete wdiuu without DSA but supplemented with 10x fetal calf serum. On day 5 of the 
culture, test-compounds ( forskolin, G23187 and TPA 1 were added in 1 rl of l ediuu 109. Four hours 
later, media were removed by aspiration. One part was stored frozen until P& determination, the 
other part uas acidified with 3% HCl N before freezing and kept frozen until ClcTH deterrination. 
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Test-coqound activity was expressed as the coapound concentration giving a half-mxiral response 
EDRO). 
Effects of Dexamthasone on Induced ACTH and PciE, Secretion: Various concentrations(O.InH-1pHVI) of 
dexarethasone were added to the medium 1 hour before the addition of test-tompounds. Dexamethasone 
activity was expressed as the dexamethasone concentration producing a half-maximal inhibition of 
KTR and Pa secretion (I&J. 
ACTH and P& Determination: The concentration of WH in the culture medium was reasured by 
radioimunoassay using an antibody supplied by Bioproduct. The sensitivity of this double antibody 
assay uas 20 pg per tube, P& concentration was determined by a radioirnunoassay, as previously 
described (141 using rabbit anti-PGEu antiserum (Pasteur Institute, Paris, France) and a method 
involving overnight incubation at 5’C followed by a separation at the bound and free compound by 
dextran-coated charcoal. The sensivity of the assay was 1 pg per tube, 

Effect of A23187 on WH and PG release: At none of the concentrations tested (1 M-10 MIMI did 

the ionophore A23187 modify KM secretion; this is in contrast to previously published results 

with tumor pituitary cells (15,161. Dn the contrary, addition of A23187 to the culture ndiu led 

to marked Wr release into the medium. In the presence of 1.8 ml! Ca**, the PG4 release depended 

upon the concentration of added 1X3187 (& = 0.3 pH). fr 10 pR concentration of 1X3187 led to a 

maximal 12-fold increase in PGEs (Fig.1.A). This effect uas Cam dependent since in a CaN-free 

medium, KU87 was inactive (Tab.1). 

Ocxarethasone, added lh before 423187, inhibited PGE, release only if M3187 concentrations were 

lover than 0.5 pII. With 0.4 ptl &3187, the inhibitory effect of dexamethasone was dose dependent 

10-S 105 10.7 10-6 11 
A 23187 (M) 

600 

TPA (M) 

&Q. Effect of w31P and WI on hClH and & secretion. Pituitary cells in primary culture 0 
1fP cells/dish) we incubated for UI in the presence of the indicated concentrations of K?3187 IA) 
or lPfl l6J. control value * hgiml for KTH @ and 0.3eghl for P& (0). 
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Table 1 

PGEz release (nglmt) ACTH release (nglml) 

-DEX + DEX -DEX + DEX 

Control 
Control + Cap* 

;.;2 ;09;03 
. 

0.77 k 0.07 
o.3*N~Do.03 2.7 f 0.2 1.5 YO.03 

TPA. 0.69 t 0.08 0.45 f 0.08 10.2 i 0.9 6.7 2 0.6 
TPA + Cap+ 2.4 f 0.1 0.79 f 0.01 21. t 1. 16. f 2. 

A 23187. 0.52 f 0.01 0.53 + 0.09 0.6 t 0.06 0.6 f 0.1 
A231 07 + Car + 4.2 f 0.4 ND 0.63 f 0.2 ND 

A23187 + TPA. 1.9 + 0.1 1.28 f 0.05 7.4 f 0.5 7.35 f 0.02 
A23187+TPA+Ca2+. 12. 2 1.6 6.8 i 0.8 5.0 2 0.4 9.0 t 1. 

Effect of W an llclll and P& release. Pituitary cells wre preincututed for Ih rith or 
rithout M nfl dexwethasone, in wdtu1W rithout ff* or rith 1.6 J C#“. Then cells wre 
incukatrd for 4h with 0.1 H TM and/or rith 0.4 !#I W167. The results wre given as wan + S.E.H. 
of three different wlls. 

UC~ = 1.6 nM,(Fig.E.A). A 100 nl! concentration of dtxmetharone led to a maximal 65% inhibition 

of PG& release. I similar inhibition war obtained with 50 JM repacrine, a well-known inhibitor of 

& activity (171, suggesting that this PGEI secretion was reiated to an activation of the C@- 

dependent enzyme PLk. 

l”~-ra ’ 
J 

1 o-9 1 d-6 1 o-7 1 O-u 

Dexamethasone (M) Dexamethasone (64) 

&t& Effect of dexwetiusone on !ICM and & secretion. Cells wre preincubeted for ih with the 
indicated concentrations of dexrcthasone, and then incubated for 4h in thr presence of 0.4 #I 
1123167 fY or 0.1 pfl TPRIO) or 10 pfl forskolin (+I. Results are expressed as percent inhibition of 
the stiaulation. (111 P6Eu kwal release vas OAng/al, TPii increased it to l.bng/& and P6Ea bul 
release MS O.hg/rl, ionofAorr increased it to 3.5ngIal. (31 lLelH basal release ws Snglrl, TPA 
increased it to 22nghl and ACM basal release vas 7ng/P, and forrkolin increased it to 3bnglal. 
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Effect of TPL on #TH aud PCE, releaser TPA stimulated in a dose-related manner the secretion of 

both MTH and PGE, (Fig.l.Bl. In the presence of 1.8 31 Car+ in the medium, a 100 nH TPA 

concentration was necessary to achieve raxiul PEE, release, This effect was quantitatively similar 

to that induced by 0.4 pfl @3187. The TPCt-induced release of PGE, uas under an absolute requireuent 

for Cam: in a Gas+-free aediw TPA alone did not significantly increase PGEs secretion (Tab.11. 

Houever, TPA-induced stimulation of P& was restored if 823187 (0.4 pfll was added to the 

incubation rediun. 

Pretreataent of the cells for lh with dexarethasone led to a maximal 80% inhibition of TPCinduced 

PEES release (Fig.2.81, This inhibition was dose-dependent (ICN= 1.6 nH, a value comparable to 

that obtained on 823187-induced PGEz release). A similar inhibition was achieved when cells were 

preincubated rith 5OM of the Pl& inhibitor repacrine. When PG& release was induced by both TM 

and ionophore, whether in the presence or in the absence of extracellular Ca*+, dexauefhasone was 

slightly less potent since an inhibition of only 44% was observed with a SO uB concentration of 

dexamethasone (Tab.11. 

In the presence of 1.8 31 Ca8* maximal release of ACM was observed for a TPA concentration of 10 

nfi (Fig.l.Bl. This stimulation was quantitatively higher than that triggered by 10 pll forskolin (7- 

fold increase vs 5-fold uith forokolin, results not showu). This ACM secretion did not seea to be 

dependent on extracellular Ca**. In a Ca*+ free aodiun the percentage of stimulation by TPI\ was 

*+ sirilar to that observed in the presence of 1.8 ~8 Ca (Tab.11, in spite of the lower basal ACTH 

levels in Ca* free medium, the concentration of FICTH released vas lower. In contrast to PGEs 

release, KTH release ws not increased by the adddition of A23187 to the W-free uediua. In 

certain experiments, a slight inhibitory effect was observed. 

In the presence of 1.8 ml! Cam, addition of dexamethasone to the culture medium led to an 

inhibition of TPA-induced MTH secretion. This inhibition uas dose-dependent tICw = 1.6 nfl, a 

value sirilar to that observed on forskolin-induced secretion) (Fig.2.B). But, while dexwthasone 

was able to inhibit completely forskolin-induced ACTH release, it had only a partial inhibitory 
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effect (35%) on TPkinduced KM release as observed uith wpacrine uhich had no effect on the 

forskoliu-induced ACTH secretion. 

Our results show that, in rat pituitary cells in primary culture, TPA can stirulate both NH and 

& secretion, however, the pathways of stiwlation seea to be different since, while P& 

secretion (MS under an absolute requirement for Ca*+, KTH secretion was not. In a W.-free 

medium, TPA can induce e secretion only if 823187 was added, while, under the we conditions, 

KTH secretion uas not aodified. These results suggest that in pituitary cells, like in other 

systems (18,19,200), mobilization of intracellular Ca*+ , while ineffective by itself (no effect of 

A23187 alone in a Can-free uediuu), is a prerequisite for the induction of PGE. release by TPA. It 

does not seea necessary for the induction of MH responses. Both KM and P& secretions induced 

by TPA, can be inhibited to various extents by dexauethasone: PGE= release can be totally inhibited 

&tile KM release is inhibited up to 3% only. In both cases, uepacrine, a P&-inhibitor has the 

same effect as dexaaethasone. Thus, TPbinduced PG4 release and 35% of MTH release could be 

related to an activation of Pl&. 

It has been shorn that, the inhibitory effect of dexamethasone on PIA is due to its ability to 

provoke the synthesis of a 40 kD protein, lipocortin (211, uhich torus a complex with PlA 

rendering the latter inactive (101. Activation of P& can be achieved by dissociation of the 

complex PLtL-lipocortin by phosphorylation of lipocortin. TPCI is thought to act by binding to and 

activating protein kinase C leading to the phosphorylation of specific protein premed to be 

necessary for eliciting the full response and Hirata has shown that in thyuocytes lipocortin 

phosphorylation can be induced by kinase C activation (22). Thus, the Pf& secretion and at least 

part of the KTH secretion, induced by TPA could be due to the phosphorylation of a lipocortin-like 

protein thus allowing PIA to liberate arachidonic acid from membrane phospholipids. Experiments 

are in progress to verify that a lipocortin-like protein is effectively present in pituitary cells 

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