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Angiotensin-II-induced expression of proto-oncogene (c-fos, jun-B and
c-jun) mMRNA in bovine adrenocortical fasciculata cells (BAC) is mediated
by AT-1 receptors
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We have shown previously that angiotensin-11 {A-11) conirels prolo-oncogene (¢-fos, jun=-B and e=jzi) mMRNA accumulation in bovine adrenal
faseiculutn cells (BAC). Since BAC contain both subtypes (AT-1 and AT-2) of'the A-ll receptor, we have investigaled which sublype was involved
it the effeet of A-Ll on proio-oncogene MRNA by using a seleclive antagonist for AT-1 (DUP 753) and for AT-2 (CGP 42112A). DUP 753, but
not CGP 421 1 2A, inhibiled the stimulatory elfect of A-11 on proto-oncogene mRNA, with IDysof 4 x 10" M, 7x 107" M and 2 % 10°° M for
c-fon. Juti-B wnd oy, respectively. Neither of the two antagonists by themselves had a direct effecl on prolo-oncogene mRINA. As the A-Il AT-1
receplars are coupled Lo the phospholipase C system in BAC, we have invesligated whethier the A-1l effects on the prolo-oncogenas were medinted
by protein kinase C (PKC)or by Ca* calmodulin. First, aclivation of' PKC by the phorbol ester, PMA, inereused the level of the three pralo-uneo-
gene mRNAs, whereus caleium ionophore had no efTect. Second, staurosporine, a speeific inhibitor of PKC, reduced the stimulatory action of A-I1
ol prolo-oncogeng MR NA by 80-90%, whereas trifluoroperazine, an inhibitor of calmodulin, had no significant effect. These results demoenstraie
that the effects of A-I1 on prolc-oncogene mRNA are mediated by AT1 recepior subtypus, mainly through activation of the PKC pathway.

Prolo-oncogens: e-fosy eojuns jun-B; Adrenal; Angiotensin-11

1. INTRODUCTION

Angiotensin-11 (A-11} is a pleiotropic hormone which
regulales a variely of responses including adrenal and
renal function, blood pressure, pituitary function and
fiuid homeosltasis [1]. In addition, A-H has multiple
actions in the central nerveus system [2], A-f] receptors
are widely distributed throughout many tissues, but
pharmacological and functional studies have suggested
the existence of A-1l receptor subtypes [1-3]. Recently
binding studies with new A-I1 antagonists have revealed
the existence of two distinct receptor subtypes, termed
AT-1 and AT-2[4,5], the first of which has recently been
cloned [0.7].

Bovine adrenal fasciculata cells (BAC) contain both
subtypes of A-II receptors [8), but all the acute effects
ot A-1I on these cells are mediated by AT-1 receptors,
which, as in other cell systems, are coupled to phospho-
inositide breakdown. Recently, it has been shown that
A-ll increases the levels of three nuclear proto-onco-
gene mRNA levels in BAC [9]. However, the A-1l recep-
tor subtype involvad in this effect of the hormone on
early gene expression is unknown. Therefore in the pres-
ent stucdy we have investigated which subtype of A-11
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receptors is involved in these effects of A-Il on early
gene expression.

2. MATERIALS AND METHODS

Synthetie angiotensin-tE {A-11} wis obtained from Bachem (Buben-
dort, Swilzerland); Staurosporine irom Reehringer {Mannheim. Ger-
manyy, insulin, Uaosfeirin, AS-pherbol 1 2-myrisiate-13-gestuts
(PMA), ionophore A23187, uifluocsperazing dihydrochloride (TFP)
from Sigmy Chenicals Co. (8t Louis, MO); Ham’s F-12 medium and
Dulbeeeo’s modified Ezgle’s medium (DMEM) in powder fornn, nys-
tatin, penicillin/stirepiomyein, trypsin’EDTA, feial calf serum from
Gibeo (Paris. Franee). Mouse ¢-un and jin-B ¢cDNAs were kindly
provided by Or. L. Yerma (Sulk Institute. San Diego, CA)[5) and Dr.
D. Nathans (Johns Hopkins, Baliimore, M} [6], respectively. Ral
slyceraldehyde-3-phosphate-dehydrogenase (GAPDH) cDNA wus a
gift from Dr. J.M. Blanchard (Mompellier, France) |?]. ¢-fos wds
purchased from Oncor (Gaithersburg, MD). The nen-pepiide antago-
nist DUP733, wus provided by Dr. R.D. Smith (Dupont Merck Phar-
maceutical Co., Wilminglon, DE) and the pepide antagomist CGP
421124 was 4 gift from Dr. M. De Gasparo (Cibu-Geigy, Basel,
Swilzerland).

2.1, Cell isofativrt and ewbinre

BAC were preparad by sequential treatment of adrenal cortical
slives with trypsin (0.19%) as previously described {£.9]. The cells were
cultured in a chemically defined mediwn, Ham's F12DMEM (1:1).
conlaining transferrin (10 ugg/ml), insuiin (5 4g/mi), vitamin C {107 M)
and unljbinties The experiments were garried out on celis cultured for
three days. The A-11 antagonists and the inhibitors of protein kinase
C and calmadulin were added 15 min before addition of the stimula-
tory agents, and continsied for | h,
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2.2, Corrisol deierniination and medstiemeni of the qecumpdition of
[2H finositud phasphares

Corlisol and [*Hlinositol phosphate accumulation were carried out
us previously deseribed [8,9].

2.3, RNA isofation and Northern ai sfor blot arealysis

For each treatment, the cullure medium was removed [rom 25 en?
{lusks, cells were harvested in guaniding thiocyanule, and total RMA
wis extracled according to the method of Chomezynski and Saechi
[10). For Northiern blot analysis, tolal cytoplasmic RNA (10 ug} was
subjected to electrophoresis through 19 agarase gels and transferred
under vacuum Lo Hybond-N nylon membrane (Amersham, UK). For
each sumple analyzed by slot blot, inereasing amounts of Lotal eylo-
plasmic RNA (1, 2,4, and 6 4g) were translerred direcily o Hybond.N
nylon membrane using o multiwell filtration manifold (BRL). Mem-
branes with bound RNA were ircadiated for 2 inin by wltravielet light
and were baked at 80°C o cross-link the RNA to the {ilters. Hybrids
ization with complementary DMNA *P-labelied probes and the analysis
of blois were earried oui us previously described [9],

Analysis of each Northern blot was realized in duplicate. The den-
sitometric values for the prota-oncogene MRINA levels were normal-
ized (0 those for GAPDH 1o conlrol for quantity of RNA transferred
Lo Lhe bloL.

24, Staiistics

Daia are reporied as the meun + S.E.M. lor a minimum of three
different cell preparations. Statistical significance was determinad with
Student*s /-test. The null hypolhesis was rejucted when P < 0,05 was
obtained.

3. RESULTS AND DISCUSSION

In the first serics of experiments, the effects of A-I1,
either alone or together with its antagonists, on inositol
phosphate accumulation, cortisol production and
proto-encogene mRNA were studied (Table I). Neither
the AT-1 antagonist, DUP 753, nor the AT-2 antago-
nist, CGP 42112A, had any agonistic action, whereas
A-Il (Sar', Thr*), an antagonist of A-Il, had a small
stimulatary effect on cortisol production. As expected,
this peptide almost completely blocked the stimulatory
effects of A-IT on BAC. DUP 753 at 10~ M, a conczn-
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Fig. 1. Effects of Asll and/or its amagonisis on proto-oncogene

mRNA levels. Representative Northern blols. 1, Control; 2, A-11 (1072

M); 3, A-I1 + DUP 753 {1077 M); 4, A-11 + DUP 753 (107° M); 5, A.11

+ DUP 753 (107 M} 6, A-ll + DUP 753 (16~ M), 7, A-ll + CGP

(5% 107" M); 8, A-II (Sar', Thr®) (107" M); 9, A-Il + A-AI (Sar', Thr®)
(107" M),

tration which occupies most of the AT-1 receptors,
blocked the effects of A-Il on inositol phosphate aceu-
mulation, cortisof production and jun-B, c-fos and c-jun
mRNA levels by 80-90%. 1n contrast, CGP 42112A at
5 x 107 M, a concentration at which this compound
occupied most of the AT-2 receptors [8], had no effect
on the stimulatory actions of A-II, These results, there-
fore, suggest ihat the effects of A-II on proto-oncogene
mRNA were mediated by the AT-1 receptor subtype
(Table 1 and Fig. 1},

The inhibitory effects of DUP 753 an A-H-induced
proto-oncogene mRNA levels were dose-dependent,
with ID,s 0f 3.3 £ 0.8= 107" M, 7.3+ 1.8 x 107" M and
2204 %10 M (n = 4) for efos, jun-B and c-fun,
respectively (Fig. 1). Due to the large variation in val-

Table [
Effects of A-Il and/or its antugonisis on BAC

Fold stimulalion over control without A-I1

- Al - A0 M

Contrel  A-11 (Sar',Thr™)  DUP 753 SOP 421124 Control A-1l (3ar',Th™) DUP 753 CGP 42112A

(1073 M) (10 M) (5 % 107" M} (10 ™M) (107 M (5% 107 M)

{nsp 1 1.1 £0.2 1.0 2 0.1 0.7 = 0.1 7 % 04 1.2.£02° 13 = 0.1° 64 0.3
Cortisol 1 24 %03 1.2 04 0.7 + 0.1 117 £ 11® 2.5+ 04° 12 == g =13
Jun-B 1 1.1 =0.2 1.3+ 0.2 0.8 + 0,05 24 = 2 L3 £ 04° 5 20 al o+ p

G- it 1 12202 1.4+ 0.1 1.3 +0.2 41+ 05 1.4 % Q.30 0.8 =020 541+ 1.2
g fus 1 1.5+ 0. 1.0+ 0.3 12 +0.2 4 = > 2 x@3 34 1.3 13 = 3¢

Gn the third day of culture, cells were ureated with the indicated elfector. The antagonisis were added 15 min before A-11. Inositol phosphale (LnsP)

accumulation was messured 30 min afler addition of A«Il, whereas cortisol produclion and proto-oncogene mRNA accumulation were evaluated

30 min later. The results are given as mean & 5.E.M. of at least three different cell preparations. The proto-nncogene mRNAs were evaluated by
Northern blot analysis.

" P < 0.05 vs. control withoul A-lI of the same row.
" P < 0,00 vs. A-ll alone of the same row.
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ues, the IDy,s for c-fos and jun-B are not statistically
different, but that of ¢-jun was higher. However, all
these values are in range of the 1D, 1o inhibit [**[]A-1I
binding (6 £ 1.4 x 1077 M) and the ICy to inhibit
A-II-induced incsitol phosphate accumulation (1.7 £ 1
% 107 M) [8].

Activution of the two branches of the phosphoinosi-
tide pathway, protein kinase C and calmodulin, are re-
quired for full expression of the stereidogenic effects of
A-IT on both adrenal glomerulosa cells [11] and BAC
(12] (Table [1). We have investigated whether these two
branches are also required to induce the expression of
proto- encogenes in BAC. Two approaches were used.
In the first, we compared the stimulatory effects of A-11
on proto-oncogene mMRNA, 'evels with those induced by
activators of protein kinase C {phorbol ester PMA) or
Ca*"/calmodulin (calcium ionophore A23187) or both
(Table IT). PMA alone was able to increase both cortisol
secretion and proto-oncogene mRNA levels, but its ef-
fects were significantly lower than those induced by
A-LL In contrast, A2318§7, either alone ar together with
PMA, had no stimulatory action on proto-oncogen:
mRNAs,

In the second approach, we used the specifie inhib-
itors of each branch of the phosphoinositide pathway.
Staurosporine lias been shown to be a potent inhibitor
of protein kinase C in many cell svstems [13)}, including
BAC [14], whereas trifluoroperazine (TFP) is an inhibi-
tor of calmodulin in several cell types [15], including
BAC [14). As shown in Table I11, staurosporine inhib-
ited the stimulatory action of A-11 on prote-oncogene
mRNA levels by 80-90%. TFP produced a small, al-
though not statistically significant, inhibition of the ef-
fects of A-I1 on proto-oncogene expression. A combina-
tion of both inhibitors had only small effects on jun-B
mRNA when campared to the effect of staurosporine,
The low inhibitory action of TFP might be due to its
ability to slightly inhibit PKC at high concentrations
[15]. Thus, both sets of experimental approaches indi-
cate that the stimulatory action of A-1l on proto-onco-
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Fig. 2. Inhibitory effects of increasaing concentrations of DUP 753 on
the A-ll-induced increase in ¢-fos (a), e~fun () and jun-B (¢) mRMA
levels, The results are the meun £ 5.E.M. of three different experi-
ments.

gene mRNA levels is mainly mediated through activa-
tion of PKC,

Although the acute effects of A-I1 on both steroid
production and proto-oncogene mRNA levels are medi-
ated by the AT-1 receptor subtype, the effects are unre-
lated since inhibitors of protein synthesis block the stim-
ulation of steroidogenesis by A-iI but potentiate its ef-
fects on proto-oncogene mRNA [9). In addition to these
acute effects, A-1l has a long-term inhibitory eflect on
the differentiated functions of BAC by inducing a
down-regulation of its own receptors [16,17). This is, in
part, related 10 a deerease in the mRNA for the AT-1
receplor subtype (R. Ouali and J.M. Saez, unpublished
results), and a decrease in the expression of genes encod-
ing for steroidogenic enzymes [17-19). How this long.
term action of A-ll is related to its elfects on proto-
oncogene expression is unknown. However, ACTH,
which also inereases ¢-fos and for-B but not e-jun
mRNA levels, has a long-term positive effect on the
differentiated lunctions of BAC [17,20,21). Since c-jun

Table [T

Comparative effects of A-II, the phorbal ester, PMA, and the calcium ionophore, A23137, on cortisol production and prole-oncagene mRMNA
levels in BAC

Fold sumulalion over gonlrol

Cortisol

Jun-B Coftint Cofos
AL (1077 M) 34+ 12 174 £ 1.1 502038 169+ 1.7
PMA (107" M) B+ 4 1.1+ 99 38+12 582
A23187 (107 M) g+ 3 07z 0.9 £ 0,05 .74 100
PMA + jonophore e A 10.2 £ 2.0¢ 2906 g5z L1*

Cuils, on e third day of eujiure, were incubated with the indiznied affes

tors, Aller | b, the certisol in the medium was measured and total RINA

was extracled, The levels of proto-oncogene mRNA were determined by slot blot analysis as indicated in Materials and Methods. The results are
given as the mean = 5.E.M. of 3-10 experiments,

' P < 0.05 compared 1o A-ll alone,
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Table 11

Inhibition of A-li-induced proto-oncogene expression by protein ki-
naze C und/or calmedulin inhibitor

% of A-El alone

Jun-B C=fith Cofox

A-lL (1077 M) 100 100 100
Conlrol 57+ 21 24065 10D 25
A-il + staurosporine

(107" M} 2304 1L1* 240+ 300 1502 40"
A-ll + TFP (1073 M) 860 % 15 76,0 £ 8.3 800 % 233
A-Il + staurosporine +

TFP 1002 1.5% 19,5 £ 0.5 180 = 20¢

On the third day of culture, BAC were incubited with the indicated

effectors for | h. The proto-oncogens mR NAs were quantified by slot

blot analysis as deseribed in Materials und Methods, The resulis are
given as the mean = 8.E.M. of 3-6 experiments.

*P < 0.0l compared te A-11 alone.

*P < 0,05 campared to A-I + slauresporine.

* P < 005 compared to A-ll + TEFP.

and jun-B have different activation domains and differ
in their biclogical properties in several cell types [22,23],
it has been postulated that the homodimer, cojun, and/or
the heterodimer, e-jun/e-fos, may be responsible for the
long-term negative effects of A.1l on differentiated
function of BAC. Further studies, in particular those
using transfection experiments with normal or mutated
protao-oncogenes, are required to determine the role of
early proto-oncogene expression on the long-term plei-
olropic affects of A-ll aa cell difterentintion.
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