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The effect of angiotensin 1T (Ang [} on the early growth respense gene-1 (Egr-1) mRNA, on the Egr-1 protein and on the phosphoinositide Pl

wrnoyer signalling system was invesugated in the presence and absence of EXP3174, a polent non-pepude Ang 11 receptor antagonist. Ang 11

nduced an accumulation of 3.4 kb Egr-1 mRNA and the 80 kDa Egr-1 protein, with a maximum at 30 min and 60 min, respeetively. EXP3174

blocked the Ang Il-mduced increase of inositolphasphates, Egr-1 mRNA and the Egr-1 proteis, suggesung the involvement of the PI signalling
system by the expression of the Eare1 gene.

Early growth response geng-1 (Egr-1), Angiotensin I1; Yascular smooth musele eell

1. INFRODUCTION

Recently, the early growth response gene-1 (Egr-1)
has been identified as a transcription fuctor belonging
to a class of immediate-early genes like ¢-fos expressed
upon growih and/or differentiation signals in a large
variety of cells and species I1-3]. Using a rabbit antise-
rum to Egr-1 product the Egr-1 protein has been identi-
fied in serum-stimulated fibroblasts as a zin¢ finger pro-~
tein with a molecular weight of 80 kDa [4]. Tt is well
established that the ¢fos protein is a transcriptional
factor, belong to the zine finger protein type [5]. C-fos
protein is often coregulated with the Egr+1 protein [2-4].
It is well known that angiotensin II (Ang [1} induces
c-fuos expression and vascular smooth muscle cell
(VSMC) growth [6). In the present siudy, the effect of
Ang IT on the expression of the Egr-1 mRNA, Egr-1
protein and on the PI-turnover signalling system in rat
VSMC was investigated.

2. MATERIALS AND METHODS

2.1, Materkals

Dulbeceo’s modified Eagles medium (DMEM), Ham's F-10 and
Dinibecca™s phosphate-bullered saline (PBS) were obtzined from
Gibeco BRL (Eggensicin, Germany). Angotensin I (Ang 11) was ob-
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tained from Sigma Chenueal (Deisenhofen, Germany). A 2 1 kb frag-
ment (QC68 insert) of Egr-1 including threa zing-finger domains was
used os DNA probe [3]. The rabbit antiserum (R5232-T) to the Egr-1
gene product was obtawed as previously deseribed {d]. A 0.77 kb
¢DNA for -uctin (Dianova/Oncor Seience, Hamburg, Germany) was
used 45 DMNA probes for Seactin. Hybond N membranes, {*Plde-
oxycytidine triphosphaie ([(PJCTP), and ECL Western blolting detce-
tion systemn were obtained from Amersham, Littie Chalfont, England
Kodak X-Omat, 8 x 10 meh, flms were obtained from Kodak,
Rachester, USA. Molecular weight standard RNA was obtained from
Boehringer Mannheim, Germany PYDF inembranes were obtamed
from Millipore, Bedford, USA 2-n-butyl-4-chloro-5-hydroxymethyl-
1-[{2-() H-1etrazeol-5-yl)biphenyl-4-y)methylimidasole-5-carboxylie

acid was a guft from MSD Research Laboratories, West Point, USA.

2.2, Cultured of vuscular smooth muscle celfs

VSMCs were 150lated from £at aona (stramn, female Wistar-Kyoto,
6-10 weeks old, Charles River Wiga GmbH, Sulzfeld, Germany) by
the media explantat method and cultured over several passages ac-
cording lo Rass (7).

2 3. RNA exiraction and atialysis

The expression of Egr=1 mRNA was studied after premcubation of
the cells in 75 em® culture fasks for 24 h in serum-ree quieseeni
medium, consisting ol a muxture of DMEM and Ham's F-10 medium
{1:1) The quiescent cells were stimulated with Ang LI for different time
periods. Tatal RNA was extracted from VSMC by the guanidimum
wothiocyanate/CsCl procedure [8]. 10 ug of tolil RMNA were separated
by electrophoresis in a 656 formaldehycde/) 2% agarose gel Northern
blotting was performed as previously desetibed [9). A 2.1 kb fragment
(OCH8 nsert) of Egr-1 including three zine-finger domains was used
as probe. The DNA probes were labelled with [PICTP by random
oligonucleotide priming. Blots were standardised using a 0.77 kb
¢DNA probe for f-actin. Densilometnic analysis was performed with
Hoeler G5-300 Scanning Densitometer (Hoefer Sclentific Instru-
menis, San Francisco, CA)

24 Anglvsis of the Egr-l protem by tie enlianced chenulimpescence
Western analysis
VSMCs were seeded in culture dishes (diameter: 33 mm) and culii-

109



Volume 313, number 2

C 123 4 5

Wi b

28S —» &
Egr-1 mRNA —» | g i

18S —»

o - gt

Fig. 1. Effect ol anpiotensin [T (Ang 11) on the Bgr=1 mRNA induction
in vascular smooth muscle cells (VSMC), (Uppor} Quiescent cells were
wimulated whth 107 Ang 11 [oe the times showed, Northern blotting
wis performed with n ¥Plubelled 2.1 kb frugimem of Egr1. C, con
tol; 1, Ang 1L 5 min; 2, Ang 1L 30 min: 3, Ang TL 35 mint 4, Ang 1L
60 min: 5, Ang 11, 120 min, (Lower) The siitve blot previously hybrids
jzed with 2.1 kb fragment of Bgesl was rehybridized with .77 kb
cDNA probe for S«ictin.

vaited in eubware medium uatit coafluent, Then the medium was -
placed by scrumdtree [quicscent) medivm consisting of a winture of
DMEM and Ham's mediam (1:1), Following another 24 healtivation
in quieseent medinm, cells were stimulated for ditterent tme perieds.
Cells were washod with PRS twice und then incubated with PBS sop-
plemented with | mM PMSF, 1 gg/mi Pepstiin, Lag/nal Leupeptin and
harvested by scraping. Cells were spined down (1500 rpm) ol 4°C and
then supematant was disearded, Cells were resuspended in 100 21025
M Trs, pH 7.8, containmg | mM PMSF, 1 gl Pepstun, | gginl
Loapeptt and wire bysed by twe Mrecze-thaw eyeles (froren 1 dis
wefethanol and warmed briefly an 37°C), Then debrs were deenrded
and the superaatant was kept as cell lysale Alhquots were uved tor
protem determmations vsing the BiosRad protein assay aceordimy w
the method of Bradtord [9]. 30 gg of protein wese separatod moa 7 5%
polyvacrylamwde-SDS gel. Protens were iransieried 10 i PYDF mete
brane overnight by 100 mA with a bufter contuining 25 mM Tris, 192
mM glycine and 20% wmethanol, pH 8.3, The proteln transter was
cheched using Ponsean S, Then membrane was wished wung PHS
vontaining 0.1% Tween-20 and 1% non-Mt dry milk (standaed incubq-
tion buffer). Nonsspecitic binding blockhide was performed in PRS
contwining ¢.1% Tween-20 and 5% non-fat dry milk for 2 h. Followwg
this the mixeure was quichly rinsed with standard incubation buller,
and the membrane was incubuted for 1 h in o standard solution
containing anti-Egr-1 antizera RS23ZT (1:4,000 dilution). Afer thit
membrane was inenbated for U h in standaed bubier containing HRP-
labelled donkey anti-vabbit g 05000 duution® Membrane was
washed 3 times for § nun with the stinad incabation butter The
detection of' the Epr-1 pratein was performed with the ECL chenmlu-
minescense Western blottmg detection system trom Awersham

1.5, Determumation of mostaiphesphates

The determmanon of inoa'*siphosphates, wowitel 1-phosphate
{IsP1), tnositol L d-bisphosphate (InsP2), and mostol 14,54
phosphate (InsP3), was performed as previonsly aescnibed [10] Cells
were seeded in petn dishes (50 mm dhrameter) and grown m the pros-
enee of myo-[2-"Hinositol (4 uCyml) tor 3 days and were teeatesd as
previously desenbed  Cells were stimvulated with 107 tol/l Ang T far
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Fig. 2. Etfect ol angiotensin 1 (Ang 11} on the Ege-1 mRNA induction
in the presence off EXPAM. (Upper) Quicscent VEMC were stimu-
luted for 30 min with 1077 M Ang I in the presence (M0 min) and
whsenee of EXPILM. Northorn blotting analysis was performed with
& UPdabelied 2.1 kb Geagment of Egral1, C, control; 1, 10 7 M Ang W;
L MEXPIM: L 0 MENPIT + 107 M Ang, (Lower) The
same blot provionsly hvbridized with 2.4 kb Fragment of Egr-l was
rchybridized with 0 77 Wb cDNA probe for f-actin,

3 ancthe presence and absetee of EXPIN74 (300und 10 “mold Ang
1 For 3 . The neaction was termmnitod and radwlabettod mostol-
phosphates were analysed by slandurdied amon-ewhange high pres-
sune lquid chromatography as proviously desernbed |10

3. RESULTS

As shown in Fig. 1. Ang 1 induced a rapid accumu-
lation of 3.4 kb Egr-1 mRNA with maximum between
30 min and 1 h. The Ege-l mRNA declined to basal
levels a5 2 h, In addition. the Ang-indueed maximal
Egr-1 mRNA induction is tatally blocked by the specific
non-peptide Ang 1 receptor antagonist EXP3174 (Fig.
2). As illustrated in Fig. 3, stirwulation of VSMCs with
FCS induced an increase of the 80 kDa Egr-1 protein,
in comparison to e tiamlated ceilo, i addie a, simu-
lation of the cells with 1077 M Ang 1l mduced s wu-
mulation of the 80 kDa Egr-l protein, first detectable
at 30 min. Maximum of the Egr-1 protein formation
occurred within 60 min, and declined by 3 h to control
Egr-1 protewn levels, The maximal Ang 11-induced Ege-1
protein was totally blocked by pretreatment of the cells
with EXP3174, that 15 a non-peptide Ang Il-receptor
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Fig- 3. lmmunobiog anatysis of the time cours of Egr-1 protein imducs
tion by argiotonsin 1) (Ang 11). VEMO were incubated for 24 hin
serum- free quicsount modivm, Cells weve stimulated with 107" M Ang
1l for differemt time penods W e prosenee (30 min) and absence o7
EXPN 74, Colbs weore harveviou and bsed an dosenbed in soctwon L 30
Mg of prolin were separated by a 7.5% pobyacrylamide-SDS gel and
Western Motting analysin was perfirmed with the RI20-T antiserum
(16,000 dilutions ). C, control; b, 1056 FCS. Eh: 2 Ang W, 30 mun, L,
Ang L PR AL EXPUL. Mmin s Ang . T e L Ang il 18 &
Ang Il 2B, 7, Ang il 1B, & Ang i 4 h

antagonist. These results show that Ang 1 induced the
formation of the Egr-1 protcin in VSMC. As shown in
Tabie 1. Ang 1T {1077 mol) induced 70%. 1.200% and
170% increase in InsPl, InsP2, and nsP3 above basal
values. After pretreatment o the cells with 10 M
EXP3174 the Ang U-induced clevation of inositolphos-
phates was compictely blocked.

4, DISCUSSION

Using Northern blotting and Wastern smmunoblot-
Ging, the Epr-1 mRNA and the Egr-1 protan wm nnt
VSMC has been identificd. We found that the Ang 11-
mduced Egr-1 protein (80 kDa) starts to accumulate
within 30 min. reaches a peak tevel of expression be-
tween | and 2 h, and reached basal levels within 3 h. The
time course of protein expression is similar to that seen
for the Egr-! mRNA levels. except that the maximum
of mRNA levels occurred between 30 and 60 nun and

Table 1

Effect of EXP3174 on the angiotensin il-mdueced inositolphosphates
formation m vascutar smooth muracle cells

Pl fcpm well) s P2 icpoowellh InP? fopmoweid

Conirol i.368 + 150 63+ 6 2+ 2
EXP3174 1.46% + 158 58+3 43:3
Apg 11 26589+ i52 815+ 139 BIS = 5
EXP3174 + ALl 1.453 + 108 58+3 312

Values ane means + S EM . n = 3 InsPl. wmosiol F-phosphate., e P2,
mosito! Ld-bisphosphate. InsP3. inositol 1. 4.5-knsphosphate. Aag 1L
angiotensin 11
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reached basa! levels at 2 h. The present kinetic data for
the Ang -induced Egr-1 mRNA and Egr-1 protein are
very similar 10 those obtained by Cao et al. in mouse
serum-stimulated fibroblasts [4].

It is well cstablished that Ang Il stimulates the
phosphoinositide (PI>-turnover signalling system fol-
lowing binding to its specific cell surface receptor lead-
ing 10 an elevation in [Ca®"], and most probably to the
cxpression of transcription factors such as ofos [6,12].

EXP3174, a specific non-peptide Ang 11 receptor an-
tagonist [13], completely abolished the Ang 1i-induced
intracellular increase in InsP1, InsP2 and InsP3, Conse.
quently, complete blockade of the Ang H-induced Egr-1
mRNA and Egr-l protein was observed. As previously
~wscribed, Egr-l is an eatly growth response gene that
can be induced by ligand-receptor interactions of mito-
genic and’or hypertrophic agents in several mammalian
cell types. In this context it has been shown that Egr-t
was expressed in tibroablasts (stimulated by epidermat
growth factor and serum), kidnay epithelial (stimulated
by adenosine diphosphate) and mesangial cells (stimu-
lated by vasopressin), hepatocytes {stimulated by insu-
lin) and cardiac myocytes (stimulated by x-agonists)
[2-51

The present study shows that Egr-l mRNA also can
be induced by Ang L in rat VSMC. In addition, the
Egr-1 protein with a molecular weight of 30 kDa was
identificd in these oclis. EXP3174, a potent non-peptide
Ang I receptor antagonist totally blocked the Ang -
induced stimulation of the P signalling system, the Egr-1
mRNA and protein induction. From these resuhs, it
mas be concludad that the Ang Tl-induced Egr-1 eapres-
stob tn VEMC i« mediated by the Pl signalling system,
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