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Abstract

In C9 (Clone 9) liver cells, angiotensin Il increased the intracellular Ca2™ content, inositol phosphate production and c-fos mRNA
expression. Other angiotensins were also active with the order of potency being angiotensin |l = angiotensin |1l > angiotensin
| > angiotensin V. Losartan, but not PD 123177 (1-(4-amino-3-methyl)-5-diphenylacetyl-4,5,6, 7-tetrahydro-1H-imidazo [4,5c]pyridine-
6-carboxylic acid), blocked the effects of angiotensin I1. Pertussis toxin did not alter these actions of angiotensin Il. These data indicate
that the effects were mediated through angiotensin AT, receptors involving pertussis toxin-insensitive G-proteins. Phorbol myristate
acetate was also able to increase c-fos MRNA expression. The action of angiotensin Il was consistently greater than that of the active
phorbol ester. Staurosporine but not genistein inhibited this effect of angiotensin I1. Angiotensin I1- and phorbol myristate acetate-induced
proto-oncogene mMRNA expression was attenuated in cells incubated overnight with the active phorbol ester, which suggests a mgjor role

of protein kinase C. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Angiotensin Il is an extremely potent octapeptide hor-
mone that modulates the general metabolism and home-
ostasis of vertebrates by eliciting a variety of physiological
actions on the cardiovascular system, the brain, kidney,
adrenal glands, pituitary and liver among many other
organs and systems (Inagami et al., 1994; Jackson and
Garrison, 1996). It is aso a growth factor capable of
stimulating cell proliferation and oncogene expression in
different cells (Millet et a., 1992; Viard et al., 1992;
Gonzalez-Espinosa and Garcia-Sainz, 1992, 1995, 1996;
Zou et a., 1996).

The actions of this hormone are initiated by its interac-
tion with two major types of receptors, i.e.,, angiotensin
AT, and AT, receptors. These receptors have been charac-
terized using selective nonpeptide antagonists such as
Losartan (AT,-selective) and PD 123177 (AT,-selective)
(Chiu et a., 1990; De Gasparo et al., 1995). An heteroge-
neous group of receptors for angiotensin 11 (atypical recep-
tors) that have in common a much lower affinity for the
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nonpeptide antagonists has been proposed (De Gasparo et
al., 1995).

Angiotensin AT, receptors mediate most of the known
actions of angiotensin |1. They are coupled to the phospho-
inositide turnover /Ca?* mobilization signal transduction
pathway via pertussis toxin-insensitive G proteins (Garcia
Sainz and Macias-Silva, 1990; Bauer et a., 1991; Craw-
ford et al., 1991). Depending on the cell system, they are
also coupled to other phospholipases and to inhibition of
adenylyl cyclase via pertussis toxin-sensitive G-proteins
(Jard et al., 1981; Bauer et al., 1991).

An initia action usually observed in response to agents
that modulate cell growth and proliferation, such as an-
giotensin |1, is the expression of the so-called immediate
early genes (Curran and Morgan, 1987; Ransone and
Verma, 1990). Among these early genes are c-fos and
c-jun, whose products, Fos and Jun, constitute AP-1
(Activation Protein-1). AP-1 is a transcription factor that is
regarded as a nuclear third messenger that couples short-
term stimulation to long-term action by regulating the
expression of target genes (Curran and Morgan, 1987;
Ransone and Verma, 1990).

In isolated rat hepatocytes, activation of angiotensin
AT, receptors leads to stimulation of phosphoinositide
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turnover, Ca2* signaling and increased activity of phos-
phorylase a (Garcia-Sainz and Macias-Silva, 1990; Bauer
et al., 1991). There is also evidence that in these cells
activation of angiotensin AT, receptors inhibits adenylyl
cyclase activity (Bauer et al., 1991). In addition, it has
been previously shown that stimulation of these receptors
leads to an increased expression of the mRNA for c-fos
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(Gonzalez-Espinosa and Garcia-Sainz, 1992, 1995, 1996).
Protein kinase C and tyrosine protein kinases seem to
mediate this action which involves both increases in gene
transcription and modulation of mMRNA degradation
(Gonzalez-Espinosa and Garcia-Sainz, 1995).

It is known that during primary culture rat hepatocytes
lose their ability to increase the cytosol Ca?* concentra-
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Fig. 1. Effect of angiotensin agonists and antagonists on intracellular Ca2* ([Ca2" ],). Upper I€ft panel: cells were incubated with different concentrations
of angiotensin Il (solid circles), angiotensin I11 (solid triangles), angiotensin | (solid squares) or angiotensin 1V (solid diamonds). Data are presented as
percent of basal [Ca2" ], which was 137 + 5 nM. Upper right panel: cells were incubated with the indicated concentration of Losartan (open circles) or PD
123177 (open squares) and challenged after 1-2 min with 100 nM angiotensin I1. Data are presented as percent of the effect of angiotensin II. Middle
panel: cells were incubated with 10 wM Losartan or 10 wM PD 123177 for 1 min and challenged with 1 wM angiotensin | (open bars), 100 nM
angiotensin |1 (cross-hatched bars), 100 nM angiotensin I11 (hatched bars) or 10 wM angiotensin IV (lined bars). Data are presented as percent of the effect
of each angiotensin in the absence of antagonist. In all cases the means are plotted and vertical lines represent the S.E.M. of 5-7 determinations using
different cell preparations; when no error bars are presented they are within the symbol. Lower panel: representative tracings on the effects of 100 nM
angiotensin 11 (A 11), 10 uM Losartan and 10 wM PD 123177 on intracellular Ca2*.
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tion in response to angiotensin I, an effect mainly due to a
drastic decrease in receptor density during culture
(Bouscarel et d., 1990). Clone 9 is an epithelia cell line
isolated from normal rat liver. Very recently, it was re-
ported that angiotensin 1l induced the accumulation of
inositol phosphates in C9 (Clone 9) liver cells and an-
giotensin AT, receptors were detected in radioligand bind-
ing studies (Kozlowski et a., 1993). This prompted us to
characterize the effect of angiotensin on signal transduc-
tion and c-fos expression. Our results indicate that C9 cells
could be a very useful model to study the actions of
angiotensin Il in a hepatic cell line. Nevertheless, differ-
ences were observed between the actions of angiotensin |1
in these cells and in freshly isolated liver cells.

2. Materials and methods

Angiotensins (I, 1, 111 and 1V), captopril, staurosporine
and phorbol myristate acetate (PMA) were obtained from
Sigma. The angiotensin Il nonpeptide antagonists, Losar-
tan and PD 123177 (1-(4-amino-3-methyl)-5-diphenyl-
acetyl-4,5,6,7-tetrahydro-1H-imidazo [4,5c]pyridine-6-
carboxylic acid), were generous gifts from DuPont. Fura-2
AM (acetoxymethyl ester) was from Molecular Probes.
Ham’'s F12 medium (Kaighn's modification), fetal bovine
serum, trypsin, antibiotics and other reagents used for cell
culture were from Gibco. Genistein was obtained from
Research Biochemicals International. Myo-[2-*Hlinositol
(22.9 Ci/mmol), [**PINAD* (800 Ci/mmol) and
[**P]dCTP (3000 Ci /mmol) were from New England Nu-
clear. Pertussis toxin was purified from vaccine concen-
trates (Sekura et d., 1983; Garcia-Sainz et al., 1992). The
RNA-PCR (RNA-reverse transcription-polymerase chain
reaction) GeneAmp kits were obtained from Perkin Elmer.
The C9 cell line was obtained from the American Type
Culture Collection. Restriction enzymes were from New
England Biolabs. Nick trandlation kits and the c-fos Am-
probe were from Amersham.

C9 cells were cultured in Ham’s F12 medium supple-
mented with 10% fetal bovine serum, 100 wg/ml strepto-
mycin, 100 U /ml penicillin and 0.25 p.g/ml amphotericin
B at 37°C under a 95% air /5% CO, atmosphere. When
the effect of pertussis toxin was tested the cells were
incubated for 24 h with or without pertussis toxin (100
ng,/ml). Pertussis toxin was present throughout the experi-
ment. Pertussis toxin-catalyzed ADP-ribosylation was car-
ried out as described previously (Garcia-Séinz et al., 1989).

To determine the intracellular Ca®" concentration
([Ca*],) the cells were loaded with 5 uM Fura-2/AM in
Krebs—Ringer—HEPES containing 0.05% bovine serum
albumin, pH 7.4 for 1 h at 37°C. Cells were detached by
gentle trypsinization. Fluorescence measurements were
carried as described (Vazquez-Prado et al., 1997); the
excitation monochromators were set at 340 and 380 nm,
with a chopper interval of 0.5 s, and the emission mono-

chromator was set at 510 nm. [Ca&?*], was calculated
according to Grynkiewicz et al. (1985), using the software
provided by AMINCO-Bowman.

C9 cells approaching confluence in 35-mm plates were
labeled with [*HJinositol (6 wCi /ml) for 18—24 h to study
the production of inositol phosphates. The cells were
washed twice with Krebs—Ringer—HEPES buffer contain-
ing 1.3 mM CaCl, and preincubated for 20 min in 2 ml of
the same buffer containing 10 mM LiCl, at 37°C in a 5%
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Fig. 2. Effect of angiotensin Il and Losartan on inositol phosphate
production. [*H]inositol-labeled cells were incubated in the absence of
any agent (BASAL, open bars), 100 nM angiotensin |1 (A 11, cross-hatched
bars) or 10 wM Losartan+100 nM angiotensin 1l (+ Losartan, lined
bars). Plotted are the means and vertical lines represent the S.E.M. of four
determinations using different cell preparations.
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CO, atmosphere. Incubations with angiotensin Il and/or
Losartan were for 30 s and were terminated by the addition
of 0.4 ml of 30% ice-cold perchloric acid. Supernatants
were neutralized and [*Hlinositol phosphates (inositol
monophosphate, IP,; inositol bisphosphate, IP, and inositol
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trisphosphate, 1P,) were separated by Dowex AG1-X8
chromatography (Berridge et al., 1983).

Expression of c-fos was determined by using the re-
verse transcriptase-polymerase chain reaction (RT-PCR) as
follows. Total RNA was obtained by the method of Chom-
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Fig. 3. Effect of angiotensin 1l and antagonists on c-fos expression. Upper panel: cells were incubated for the indicated times in the presence of 100 nM
angiotensin 1. Middle panel: cells were incubated for 45 min in the presence of different concentrations of angiotensin Il. Lower panel: cells were
incubated in the absence of any agent (BASAL, open bar), 100 nM angiotensin Il (A 11, cross-hatched bar), 100 nM angiotensin Il + 10 wM Losartan (A
Il + LOSARTAN, hatched bar) or 100 nM angiotensin Il + 10 wM PD 1231777 (A Il + PD 123177, lined bar). Data are presented as the c-fos/ GAPDH
ratio which was considered as 1 (100%) in the absence of any stimulus. The means are plotted and vertical lines represent the SEM. of 4-7
determinations using different cell preparations. Representative autoradiographs are presented.
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czynski and Sacchi (1987) with minor modifications. RNA
integrity was routinely checked by electrophoresis on for-
mal dehyde-containing agarose gels and visualization under
UV light, using ethidium bromide staining. RT-PCRs were
performed with total RNA, using a kit from Perkin Elmer,
as described by Nishimura et al. (1992). The primers were:
5-CACGACCATGATGTTCTCGG-3 (coding sense) and
5-AGTAGATTGGCAATCTCGGT-3 (anticoding sense).
These oligonucleotides allowed the amplification of a frag-
ment of 567 bp corresponding to bases 128-695 of c-fos
cDNA (GeneBank Accesion number X06769) (Curran et
al., 1987). The amplification profile consisted of denatura-
tion at 94°C for 1 min, primer annealing at 55°C for 1 min,
and extension at 72°C for 1.5 min (35 cycles), using 5 p.g
of total RNA. The identity of the fragment was character-
ized by its apparent size on ethidium bromide-stained
polyacrylamide gels, Southern blot hybridization with Nick
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tranglation-labeled c-fos Amprobe and direct sequencing of
the fragment cloned into the Srfl site of pCR-Script SK(+)
plasmid. The expression of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was determined in each sample
in which c-fos expression was assayed. GAPDH was deter-
mined also by RT-PCR using the primers 5-TCC-
CTCAAGATTGTCAGCAA-3 (coding sense) and 5-
AGATCCACAACGGATACATT-3 (anticoding sense).
These oligonucleotides allowed the amplification of afrag-
ment of 309 bp corresponding to bases 506—814 of GAPDH
cDNA (GeneBank Accesion number X06769) (Fort et al.,
1985). The amplification conditions were identical to those
described above but 25 cycles were used. The identity of
the fragment was characterized by its apparent size on
ethidium bromide-stained polyacrylamide gels and South-
ern blot hybridization with Nick trandation-labeled rat
GAPDH complete cDNA (Fort et a., 1985). The RT-PCR
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Fig. 4. Effect of pertussis toxin on the actions of angiotensin on intracellular Ca?* and c-fos MRNA expression. Upper left panel: cells treated with
pertussis toxin were incubated in the presence of 1 wM angiotensin | (A 1, open bars), 100 nM angiotensin Il (A 1, cross-hatched bars), angiotensin I11 (A
111, hatched bars) or 3 wM angiotensin IV (A 1V, lined bars). Where indicated 10 uM Losartan was added 1 min before the agonists. Data are presented as
percent of basal [Ca?* ], which was 120+ 7 nM. Upper right panel: representative autoradiograph of pertussis toxin-catalyzed ADP-ribosylation of
membranes from cells preincubated overnight in the absence (- --) or presence of pertussis toxin. Lower panel: cells were preincubated in the absence or
presence of pertussis toxin (PTX) and were challenged with 100 nM angiotensin |1 (cross-hatched bars) or PMA (lined bars). The means are plotted and
vertical lines represent the S.E.M. of 4—7 determinations using different cell preparations. A representative autoradiograph is presented.
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reactions were supplemented with 1 wCi/tube of
[**PJdCTP and the products were electrophoresed on 7.5%
polyacrylamide gels; the gels were dried and the amount of
label incorporated into the product was quantified by
Phosphorimager analysis. Gels were also exposed to X-
OMAT X-ray-film (Kodak) at —80°C with an intensifying
screen. At least five independent experiments were per-
formed for each treatment.

In all cases the results represent the means + S.E.M. of
at least four experiments using different cell cultures. K;
values were calculated according to Cheng and Prusoff
(1973). Data were analyzed and plotted by using commer-
ciad software (Prism 2.01, GraphPad Software). When
autoradiographs were analyzed, a representative experi-
ment is shown.
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3. Results

Angiotensin Il induced a dose-dependent immediate
increase (~ 2.5-fold) in [C&?* ]; with an EC4, of ~5nM
(Fig. 1, upper left panel). The effect of other angiotensins
was tested: angiotensin |1l aso increased [Ca?* ] with
similar efficacy and potency (Fig. 2, upper left panel) but
angiotensin | and angiotensin IV were much less potent
(ECy, values of ~ 300 nM and ~ 500 nM, respectively)
than angiotensin II. The effect of 100 nM angiotensin |1
was dose dependently inhibited by the angiotensin AT,
receptor antagonist Losartan (IC50 ~ 100 nM, K, ~ 4.7
nM). In contrast, the AT, antagonist, PD 123177 was
without effect (Fig. 1, upper right panel). The effects of the
different angiotensins were inhibited by Losartan but not
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Fig. 5. Effect of PMA and angiotensin 111 on c-fos MRNA expression. Cells were preicubated in the absence (upper and lower panels) or presence of 1 uM
PMA for 24 h. The cells were washed and challenged with 100 nM angiotensin Il (cross-hatched bars) or 1 wM PMA (lined bars). Where indicated, cells
were incubated with the agonists in the presence of 1 WM staurosporine (+ ST) or 10 wM genistein (+ GEN). The means are plotted and vertical lines
represent the S.E.M. of 4—7 determinations using different cell preparations. Representative autoradiographs are presented.
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by PD 123177 (Fig. 1, lower panel). The antagonists by
themselves were without effect on basal [Ca?* ], (data now
shown). Captopril 100 uM was without effect on basal
[Ca®" ], and did not modify the actions of angiotensin | or
angiotensin |1 on this parameter (data not shown).

The ability of 100 nM angiotensin Il to increase the
production of inositol phosphates was next studied. It was
observed that angiotensin Il increased the production of
[PHIIP,, [*H]IP, and [*H]IP, from inositol-labeled cells as
early as 30 s after agonist addition (Fig. 2). At longer
times, the effect of angiotensin Il was mainly observed on
[*HIP, and [*H]IP, but no effect was observed on [*H]IP,
(data not shown). The effect of angiotensin Il was com-
pletely blocked by Losartan (Fig. 2); the antagonist by
itself was without effect on this parameter (data not shown).

We next examined the ability of angiotensin Il to
increase c-fos expression by using Northern blot analysis.
However, this approach was not successful since we were
unable to detect basal c-fos expression and only a weak
signal was observed under stimulated conditions. In order
to circumvent this technical problem, we performed RT-
PCR reactions supplemented with [* PJdCTP, as indicated
in Materials and Methods, to detect the expression of the
mMRNA of this proto-oncogene. Conditions were defined in
order to obtain semi-quantitative data in a consistent way,
with signal linearity with respect to the amount of sample
(at least 10-fold). As indicated, the identity of the product
was confirmed by its size, using Southern analysis and
direct sequencing. In addition, in all experiments, the
expression of the mRNA of GAPDH was also studied.
This is an enzyme of intermediary metabolism, whose
expression usually remains stable under most conditions
and represents a general control for basal gene expression
and mRNA recovery and stability.

Asit can be observed in Fig. 3, angiotensin Il induced a
marked (5- to 7-fold) stimulation of c-fos MRNA expres-
sion without altering that of GAPDH. The effect of an-
giotensin |l was rapid, reaching a maximum in 30—45 min
and decreasing after this time (Fig. 3, upper panel). It was
dose dependent with an ECg, of ~ 30 nM, (Fig. 3, middle
panel) and it was blocked by Losartan but not by PD
123177 (Fig. 3, lower panel). The antagonists by them-
selves were without effect on this parameter (data not
shown).

We next examined the effect of pertussis toxin on the
actions of angiotensin Il. It can be observed in Fig. 4,
upper right panel, that treatment of the cells with pertussis
toxin completely blocked pertussis toxin-catalyzed
[*PJADP-ribosylation in membranes in vitro. This data
indicate that > 95% of the available substrates (putatively
G,/G, isoforms) were covalently modified by the toxin.
Under these conditions, we studied the ability of an-
giotensin |1 to increase [Ca®" ], and c-fos expression. Per-
tussis toxin treatment by itself was without effect on these
parameters and did not alter the effects of angiotensin 11
(Fig. 4).

The effect of protein kinase C activation on c-fos
MRNA expression was studied. It was observed that PMA
induced 2- to 3-fold increase in the expression of this
proto-oncogene (Figs. 4 and 5). The effect of PMA was
unaffected by pertussis toxin treatment (Fig. 4) but was
blocked by the serine/threonine protein kinase inhibitor,
staurosporine, but not by the tyrosine kinase inhibitor,
genistein. (Fig. 5, lower panel). In many cells, prolonged
treatment with PMA leads to protein kinase C depletion
(downregulation). Incubation of C9 cells with 1 uM PMA
overnight reduced the subsequent effect of this agent on
c-fos mRNA expression, but did not abolish it (Fig. 5,
middle panel). Interestingly, when the effect of angiotensin
Il was tested, it was observed that overnight treatment with
PMA decreased the effect of the vasopressor peptide on
c-fos expression (Fig. 5, middle panel). Similarly, it was
observed that staurosporine, but not genistein, markedly
decreased the effect of angiotensin on this parameter (Fig.
5, lower panel).

4, Discussion

Our present results indicate that C9 cells can be used to
study the actions of angiotensin Il in a hepatic cell line in
culture. This is of interest since cultured hepatocytes do
not respond to this vasopressor peptide (Bouscarel et al.,
1990; and unpublished data). This is an important limita-
tion since procedures that require long term incubations,
such as pertussis toxin treatment or overnight treatments
with protein kinase C activators, cannot be performed. C9
cells represent an interesting aternative because they are
derived from normal liver and retain an epithelial morphol-
ogy (Weinstein et al., 1975). It is known that these cells
are responsive to other hormones such as insulin, oxytocin
and thyroid hormones (Haber et a., 1988; Barhoumi et al.,
1996; Shetty et al., 1996).

Angiotensin Il induced rapid increases in [C&" ], and
[*Hlinositol phosphates. The order of potency of the differ-
ent angiotensins was as expected for an angiotensin Il
receptor, although it was surprising that angiotensin | and
angiotensin 1V induced a relatively large increase in
[Ca®"].. We considered the possibility that the action of
angiotensin | could be due to its conversion to angiotensin
I1. However, the insensitivity to captopril and the fact that
the effect of angiotensin | was immediate indicated that
this was not the case. In addition, Losartan completely
blocked the action of all the different angiotensins. The
apparent affinity for this nonpeptide antagonist was very
high, as reflected by the K, value, which indicates that the
actions were mediated through angiotensin AT, receptors.
This is consistent with what has been observed in rat
hepatocytes (Garcia-Sainz and Macias-Silva, 1990: Bauer
et al., 1991).

The effect of angiotensin Il on [*Hlinositol phosphate
production was studied at early times in order to observe
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the accumulation of the second messenger, IP;. As indi-
cated, at later times IP, and IP, were accumulated, even in
the presence of LiCl, as observed in other systems.

Our main interest was c-fos mMRNA expression. In C9
cells the time course of action and the dose-response
curves for angiotensin |1 were similar to those observed in
freshly isolated hepatocytes (Gonzalez-Espinosa and
Garcia-Sainz, 1992). The amost 10-fold differencein ECq,
values observed for the actions on [Ca&*], and c-fos
MRNA expression is not surprising because it has been
observed in freshly isolated hepatocytes and could be due
to the different time course of the effects, hormone degra-
dation or intrinsic differences in the signaling events in-
volved, as discussed el sewhere (Garcia-Sainz et al., 1995).
The ability of Losartan, but not PD 123177, to block
angiotensin |l action clearly indicate that in C9 cells this
effect is mediated through angiotensin AT, receptors.

The ability of angiotensin Il to increase c-fos mRNA
expression was pertussis toxin-insensitive, which strongly
suggests that G;/G, were not involved. We have been
unable to address this aspect in liver cells because pertus-
Sis toxin requires a relatively long time to penetrate the
cells and exert its action. The administration of pertussis
toxin to whole rats markedly altered liver c-fos mRNA
expression (unpublished data) and, as mentioned, the ac-
tion of angiotensin 1l cannot be properly studied in cul-
tured hepatocytes. It is interesting to mention that the
effect of angiotensin Il on c-fos mRNA expression in-
volves both an increase in gene transcription and modula-
tion of the half-life of MRNA (Gonzalez-Espinosa and
Garcla-Sainz, 1996). Angiotensin I modulates the synthe-
sis and expression of mRNA for angiotensinogen (Klett et
al., 1990, 1993). Interestingly, the effect of angiotensin on
angiotensinogen is pertussis toxin-sensitive. It is related to
the ability of angiotensin Il to inhibit adenylyl cyclase and
is mainly due to stabilization of angiotensinogen mRNA
(Klett et a., 1990, 1993).

In our previous studies with isolated liver cells, the
effect of angiotensin Il was partially inhibited by stau-
rosporine and also by genistein, which suggests that pro-
tein kinase C and protein tyrosine kinases have a role
(Gonzalez-Espinosa and Garcia-Sainz, 1995). There is evi-
dence that protein tyrosine kinases participate in mediating
some of the long-term actions of angiotensin Il (Huckle et
al., 1990; Marrero et al., 1994, 1995; Earp et al., 1995) but
not in others, which seem to be mediated mainly by
protein kinase C. In the present experiments a major role
of protein kinase C was also evidenced by the ability of
staurosporine and overnight pretreatment with PMA to
clearly decrease the effect of the peptide hormone. We
were unable to detect any action of genistein. Stau-
rosporine was able to completely block the effect of
angiotensin Il but it seems unlikely that the protein kinase
C family of enzymes exclusively mediate the effect of
angiotensin Il on proto-oncogene mRNA since the effect
of the hormone was consistently greater than that of a

maximally effective concentration of PMA (1 uM). It is
known that staurosporine is only relatively selective for
protein kinase C and that this agent can inhibit other
protein kinases. Therefore, it seems possible that kinases
other than protein kinase C may be involved in the action
of angiotensin 1l and could be inhibited by staurosporine.
However, the identity of these putative protein kinases
remains to be determined.

Acknowledgements

The authors express their gratitude to Gerardo Coello,
Ana Maria Escalante and Juan Barbosa for their help and
advise. This research was partialy supported by a Grant
from CONACyT (3170P-N9607).

References

Barhoumi, R., Mouneimne, Y., Phillips, T.D., Safe, SH., Burghardt,
R.C., 1996. Alteration of oxytocin-induced calcium oscillations in
clone 9 cells by toxin exposure. Fundam. Appl. Toxicol. 33, 220—-228.

Bauer, P.H., Chiu, A.T., Garrison, J.C., 1991. DuP 753 can antagonize
the effects of angiotensin Il in rat liver. Mol. Pharmacol. 39, 579-585.

Berridge, M.J., Dawson, R.M.C., Downes, P., Heslop, J.P., Irvine, R.F.,
1983. Changes in the level of inositol phosphates after agonist-depen-
dent hydrolysis of membrane phospholipids. Biochem. J. 212, 473—
482.

Bouscarel, B., Augert, G., Taylor, S.J., Exton, J.H., 1990. Alterations in
vasopressin and angiotensin Il receptors and responses during cell
culture of rat liver cells. Biochim. Biophys. Acta 1055, 265—272.

Cheng, Y .-C., Prusoff, W.H., 1973. Relationship between the inhibition
constant (K;) and the concentration of inhibitor which causes 50
percent inhibition of an enzymatic reaction. Biochem. Pharmacol. 22,
3099-3108.

Chiu, A.T., McCadll, D.E., Aldrich, P.E., Timmermans, P.B.M.W.M.,
1990. [*H]Dup 753, a higly potent and specific radioligand for the
angiotensin 11-1 receptor subtype. Biochem. Biophys. Res. Commun.
172, 1195-1202.

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate—phenol —chloroform extraction. Anal.
Biochem. 162, 156—-159.

Crawford, K.W., Frey, E.AA., Cote, T.E., 1991. Angiotensin |l receptor
recognized by DuP753 regulates two distinct guanine nucl eotide-bind-
ing protein signaling pathways. Mol. Pharmacol. 41, 154—162.

Curran, T., Morgan, J.1., 1987. Memories of fos. Bioessays 7, 255—258.

Curran, T., Gordon, M.B., Rubino, K.L., Sambucetti, L.C., 1987. |sola-
tion and characterization of the c-fos (rat) cDNA and analysis of
post-translational modifications in vitro. Oncogene 2, 79-84.

De Gasparo, M., Husain, A., Alexander, W., Catt, K.J,, Chiu, A.T.,
Drew, M., Goodfriend, T., Harding, JW., Inagami, T., Timmermans,
P.B.M.W.M., 1995. Proposed update of angiotensin receptor nomen-
clature. Hypertension 25, 924—-927.

Earp, H.S., Huckle, W.R., Dawson, T.L., Li, X., Graves, L.M., Dy, R,,
1995. Angiotensin || activates at least two tyrosine kinases in rat liver
epithelial cells. Separation of the major calcium-regulated tyrosine
kinase from p125FAK. J. Biol. Chem. 270, 28440—28447.

Fort, P., Marty, L., Piechaczyk, M., Sabrouty, S.E., Dani, C., Jeanteur, P.,
Blanchard, JM., 1985. Various rat adult tissues express only one
major mRNA species from the glyceral dehyde-3-phosphate-dehydro-
genase multigenic family. Nucleic Acids Res. 13, 1431-1442.

GarclaSainz, JA., Macias-Silva, M., 1990. Angiotensin Il stimulates



J.A. Garcia-Sainz et al. / European Journal of Pharmacology 362 (1998) 235-243 243

phosphoinositide turnover and phosphorylase through All-1 receptors
in isolated rat hepatocytes. Biochem. Biophys. Res. Commun. 172,
780-785.

Garcia-Sainz, JA., Huertha-Bahena, M.E., Mabon, C.C., 1989. Hepato-
cyte B-adrenegic responsiveness and guanine nucleotide-binding regu-
latory proteins. Am. J. Physiol. 256, C384—C389.

Garcia-Sainz, JA., Romero-Avila, M.T., Ruiz-Arriaga, A., Ruiz-Puente,
J, Agundis, C., Ortiz, V., Isibasi, A., 1992. Characterization and
detoxification of an easily prepared acellular pertussis vaccine. Anti-
genic role of the A protomer of pertussis toxin. Vaccine 10, 341-344.

Garcia-Sainz, JA., Olivares-Reyes, JA., Gonzaez-Espinosa, C., 1995.
Differences between rapid and longer-term actions of angiotensin Il in
isolated rat hepatocytes. Effects on phosphorylase a activity and c-fos
expression. Arch. Med. Res. 26, S185—-S193.

Gonzalez-Espinosa, C., GarciaSainz, JA., 1992. Angiotensin 1l and
active phorbol esters induce protooncogene expression in isolated rat
hepatocytes. Biochim. Biophys. Acta 1136, 309—-314.

Gonzalez-Espinosa, C., Garcla-Sainz, JA., 1995. Protein kinases and
phosphatases modulate c-fos expression in rat hepatocytes. Effects of
angiotensin |l and phorbol myristate acetate. Life Sci. 56, 723—-728.

Gonzalez-Espinosa, C., Garcia-Sainz, JA., 1996. Hormona modulation
of c-fos expression in isolated hepatocytes. Effects of angiotensin Il
and phorbol myristate acetate on transcription and mRNA degrada-
tion. Biochim. Biophys. Acta 1310, 217-222.

Grynkiewicz, G., Poenie, M., Tsien, R.Y., 1985. A new generation of
Ca®* indicators with greatly improved fluorescence properties. J.
Biol. Chem. 260, 3440—3450.

Haber, R.S., Ismail-Beigi, F., Loeb, JN., 1988. Time course of Na, K
transport and other metabolic responses to thyroid hormone in clone 9
cells. Endocrinology 123, 238-247.

Huckle, W.R., Prokop, C.A., Sy, R.C., Herman, B., Earp, S., 1990.
Angiotensin Il stimulates protein—tyrosine phosphorylation in a cal-
cium-dependent manner. Mol. Cell. Biol. 10, 6290-6298.

Inagami, T., Mizukoshi, M., Guo, D.-F., 1994. Angiotensin Il receptor:
molecular cloning, functions and regulation. In: Saavedra, JM., Tim-
mermans, P.B.M.W.M., Angiotensin Receptors. Plenum, p. 1.

Jackson, E.K., Garrison, J.C., 1996. Renin and Angiotensin. In: Hardman,
J.G., Limbird, L.E., Malinoff, P.B., Ruddpm, R.W., Gilman, A.G.
(Eds.), Goodman and Gilman's The Pharmacological Basis of Thera-
peutics, Chapter 31. McGraw-Hill, p. 733.

Jard, S., Cantau, B., Jakabs, K.H., 1981. Angiotensin || and «-adrenergic
agonists inhibit rat liver adenylate cyclase. J. Biol. Chem. 256,
2603-2606.

Klett, C., Muller, F., Gierschik, P., Hackenthal, E., 1990. Angiotensin Il
stimulates angiotensinogen synthesis in hepatocytes by a pertussis
toxin-sensitive mechanism. FEBS Lett. 259, 301-304.

Klett, C., Nobiling, R., Grieschik, P., Hackenthal, E., 1993. Angiotensin
Il stimulates the synthesis of angiotensinogen in hepatocytes by

inhibiting adenylyl cyclase activity and stabilizing angiotensin mRNA.
J. Biol. Chem. 268, 25095—25107.

Kozlowski, M.R., Arcuri, M., Zynardi, L., 1993. Comparison of the
binding and functional actions of angiotensin agonists in clone 9 cells:
evidence for angiotensin |1 receptor heterogeneity. J. Recept. Res. 13,
1031-1040.

Marrero, M.B., Paxton, W.G., Duff, JL., Berk, B.C., Bernstein, K.E.,
1994. Angiotensin Il stimulates tyrosine phosphorylation of phospho-
lipase C-y1 in vascular smooth muscle cells. J. Biol. Chem. 269,
10935-10939.

Marrero, M.B., Schieffer, B., Paxton, W.G., Heerdt, L., Berk, B.C,,
Delafontaine, P., Berstein, K.E., 1995. Direct stimulation of Jak/
STAT pathway by the angiotensin Il AT1 receptor. Nature 375,
247-250.

Millet, D., Desgranges, C., Campan, M., Gadeau, A.-P., Costerousse, O.,
1992. Effects of angiotensins on cellular hypertrophy and c-fos ex-
pression in cultured arterial smooth muscle cells. Eur. J. Biochem.
206, 367-372.

Nishimura, J., Kobayashi, S., Shikasharo, T., Kanaide, H., 1992. Platelet
derived growth factor induces c-fos and c-myc mRNA in rat aortic
smooth muscle cells in primary culture without elevation of intacellu-
lar Ca®" concentration. Biochem. Biophys. Res. Commun. 188,
1198-1204.

Ransone, L.J., Verma, I.M., 1990. Nuclear proto-oncogenes fos and jun.
Annu. Rev. Cdl Biol. 6, 539-557.

Sekura, R.D., Fish, F., Manclark, C.R., Meade, B., Zhang, Y., 1983.
Pertussis toxin. Affinity purification of a new ADP-ribosyltransferase.
J. Biol. Chem. 258, 14646—14651.

Shetty, M., Kuruvilla, A.K., Ismail-Beigi, F., Loeb, JN., 1996. Stimula-
tion of glucose transport in Clone 9 cells by insulin and thuroid
hormone: role of GLUT-1 activation. Biochim. Biophys. Acta 1314,
140-146.

Vazquez-Prado, J., Medina, L.C., Garcia-Sainz, JA., 1997. Activation of
endothelin ETA receptors induce phosphorylation of «1b-adrenocep-
tors in rat-1 fibroblasts. J. Biol. Chem. 272, 27330-27337.

Viard, 1., Hall, SH., Jallard, C., Berthelon, M.C., Saez, JM., 1992.
Regulation of c-fos, c-jun and jun-B messenger ribonucleic acids by
angiotensin Il and corticotropin in ovine and bovine adrenocortical
cells. Endocrinology 130, 1193-1200.

Weinstein, 1.B., Orenstein, JM., Gebert, R., Kaighn, E., Stadler, U.C.,
1975. Growth and structural properties of epithelial cell cultures
established from normal rat liver and chemically induced heptomas.
Cancer Res. 35, 253—-263.

Zou, Y., Komuro, |., Yamazaki, T., Aikawa, R., Kudoh, S., Shigjima, I.,
Hiro, Y., Mizuno, T., Yakai, Y., 1996. Protein kinase C but not
tyrosine kinases of Ras, plays a critical role in angiotensin |1-induced
activation of Raf-1 kinase and extracellular signal-regulated protein
kinases in cardiac myocytes. J. Biol. Chem. 271, 33592—-33597.



