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Abstract

The molecular characterization of the hunirC 81 gene was just reported by Peruzzi et al. [Biochim. Biophys. Acta 1582 (2002) 46].
This prompted us to investigate the effects of dexamethasoRe©@B1 expression in two types of human vascular smooth muscle cells—
coronary artery smooth muscle cells (hCASMC) and aortic smooth muscle cells (hAoSMC), since glucocorticoids are known to affect the
signaling pathways of Gprotein coupled receptors. Semi-quantitative RT-PCR was used to analyze mRNA expression and Western-blot for
protein expression. Dexamethasone treatment in the two types of cells studied decreased (mMRNA anBlpGosdirsozyme expression.
A rapid (2 h) fall in mRNA occurred in hCASMC after treatment, and hCASMC were more sensitive to dexamethasone (1 nM versus
100 nM) than hAoSMC. The major reduction (80%) was observed after 48 h of exposure in both VSMC. Treatment with mifeprisone, an
antagonist of glucocorticoid receptors, blunted the dexamethasone effetCofil mRNA and showed that this effect was mediated by
glucocorticoids receptors.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction only elevated by an excess of cortigdl]]. The rat ATy
receptor has been shown in various conditions to be ca-

Glucocorticoids are known to affect the signaling path- pable of coupling to various G proteing-subunits (G,

way of G protein coupled receptors (GPCR). By example, Gg/11, and Gyo) [5,6], which may provide insights into the

the pressure responsiveness to angiotensin Il is increased ifpotential mechanism by which a single Afeceptor stim-

cortisol-induced hypertension in hum#2j. Studies using  ulates various signaling cascades. It was recently reported

rat cultured vascular smooth muscle cells (VSMC), suggest that dexamethasone treatment increased GmRNA and

that adrenal steroids act directly to potentiate angiotensin 1l protein in the osteoblastic UMR 106-01 cell lifig], but

action, in that corticosteroids up-regulate angiotensin mem-as yet, no data were done on human VSMC. In human

brane receptor§3]. If many studies involving glucocorti-  aortic VSMC, PLC 31 was detected both by RT-PCR

coids focused on the transduction pathway of angiotensinand immunoblot analysig8]. Incubation of permeabilized

II, most of them were related to the effects on angiotensin VSMC with anti-PLCB1 or anti-Gxq antibodies inhibited

Il type 1 (AT1) receptors. AT1 receptors mediate many of in hAoSMC the angiotensin Il-dependent inositol phos-

the physiological and behavioral actions of angiotensin 1. phate production8]. Thus, PLCB1 is the isoform that is

More little studies have been performed on G proteing ( critical for angiotensin Il-regulated PLC signaling in human

andall) and fewer on th®LC B1. Moreover, most of the ~ VSMC.

previous reports were done in vivo in animal species, so lit-  The lack of glucocorticoid responsive element in the

tle information is available for human models and specially putative promoter region of the hum@L.C g1 gene[1]

for cultured cells. prompted us to study by semi-quantitative RT-PCR and
In human blood cells, which possess the two subtypes Western-blot the effects of dexamethasoneRuC A1 in

of AT1 receptors, mRNA levels of AT receptors were  human VSMC. Mifeprisone was used to demonstrate that

dexamethasone effects &L.C B1 involved an interaction

"+ Corresponding author. Tek: 33-1-49-95-90-46; with glucocorticoid receptors. mRNAs of Fhe AT1 receptor

fax: +33-1-49-95-84-52. and Gxq and Gxl1 were also measured in human VSMC
E-mail address: jean-michel.garel@larib.inserm.fr (J.-M. Garel). after dexamethasone treatment to extend our observations
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to the main components of the transduction pathway of dissolved in sterile distilled water, and quantified by optical
angiotensin II. density at 260 nm.
cDNA were synthesized from jdg of total RNA. The
reaction mixture had a final volume of @0, and con-

2 Material and methods tained 75 mM KCI, 50 mM Tris—HCI (pH 8.3), 3 mM Mggil
10 mM DTT, 20 U of RNAsin (Promega), 200 U Superscript
21 Material Il reverse transcriptase (Invitrogen, Cergy-Pontoise, France),

1 mM of each dNTP (Promega, Charbonniére, France), and
0.25u.g of random primers (Amersham Pharmacia Biotech).
Annealing and primer extension were performed at@2
for 1 h. Then PCR were performed on a aliquofu(Rof this
mix by adding 18u.l of a mix containing 22 mM Tris—HCI
(pH 8.4), 55 mM KClI, 1.4 mM MgCJ, 10 pmol of each spe-
cific primer (Invitrogen, Cergy-Pontoise, France), 2 nmol
of each dNTP, 1U offag DNA polymerase (Invitrogen,
Cergy-Pontoise, France), and 1 mCi af3P]dCTP.

Semi-quantitative PCR was established by determination
of the exponential phase of the PCR products. Thus, ampli-
2.2. Cell culture fications were routinely performed as shown in Trable 1

The thermal cycling protocol was 9€ for 45s, 60°C for

The human coronary VSMC and human aortic VSMC g0s, and 72C for 60s. During the first cycle, the 9€
were maintained in smooth muscle growth medium sup- step was extended to 5min, and on final cycle the@?2
plemented with 5% fetal calf serum, Qu§/l hEGF, 2ug/l step was extended to 5min. Control reactions were carried
hFGF, 5mg/l insulin and a mixture of antibiotic (50 mg/l out as previously describd@] in a T Gradient Thermocy-
gentamicint- 50 ug/l amphotericin-B). Cultures were main-  cler 96 (Biometra, Vysis, \Voisins le Bretonneux, France).
tained at 37C with atmospheric air and 5% GOThe In some experiments, amplified products were analyzed by
medium was changed every 48 h and cells were subculturede|ectrophoresis in 2% agarose gels and visualized by ethid-
after treatment with trypsin and EDTA. Subconfluent human jum bromide. The gel was fixed on 7% TCA for 30 min and

coronary and aortic VSMC in their seventh passage were then dried before direct exposition to Kodak Biomax autora-
used for the experiments. Dexamethasone and Mifeprisonediographic (Kodak, France).

(RU-486) were dissolved in absolute ethanol and then di-
luted in culture medium to reach a final ethanol concentra- 5 4 \\estern-blot
tion of 0.01%. Controls with the same volume of vehicle
were used in each case.

Dexamethasone (Dex) and Mifeprisone (RU-486) were
obtained from sigma Aldrich (St-Quentin Fallavier, France).
Human coronary artery smooth muscle cell (hCASMC)
and reagents for cell culture were obtained from Clonetics
(Biowhittaker, Verviers, Belgium), they were used on the
7th passage. Human aortic smooth muscle cell (hAoSMC)
and reagents for cell culture were obtained from Promocell
(Heidelberg, Germany), and used on the 8th passage.

The human coronary and aortic VSMC were pre-
pared by adding a membrane lysis buffer containing a
2.3. RT-PCR detergent (16 mM CHAPS, 20mM Tris—HCI (pH 7.5),

1mM NaEDTA, 1mM DTT) with proteases inhibitors

Total RNAs were isolated by the Trizol method (In- (1 mM benzamidine, jug/ml leupeptine, 1Q.g/ml soybean
vitrogen, Cergy-Pontoise, France). The RNA pellets were trypsine inhibitor, 0.5mM PMSF (SIGMA, St. Quentin

Table 1

Oligonucleotides used for the amplification

Target Sequence Size (bp) Cycles Accession no.

PLC B1 Sens (2539-2555) Antisens (3009-2991)Y-GAT CCT GGG GAA ACA CC-3 470 27 163521
5-GGC ATC CAG GGC AGC AAG G-3

hGaq Sens (402-427) Antisens (765-742) '-@GT CTC TGG TTT TGA GAA TCC ATA TG-3 364 22 1181670
5-CTC CAC GAG GAC TTG ATC ATA TTC-3

hGall  Sens (549-574) Antisens (901-886) '-GAC CAC CTT CGA GCA GCA TCA GTA CGT CA-8 363 23 4504036
5-CTC CAC CAG GAC TTG GTG TCG TAT TC-3

AT1 Sens (252-271) Antisens (506-487) '-GAT GAT TGT CCC AAA GCT GG-3 255 30 XM.051470
5-TAG GTA ATT GCC AAA GGG CC-3

GAPDH Sens (244-264) Antisens (817-798) '-AFC ACC ATC TTC CAG GAG CG-3 573 20 M17701

5-CCT GCT TCA CCA CCT TCT TG-3

Expected sizes of the amplicons and the Genbank accession no. for each gene are also shown.
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Fallavier, France)) as already descritj@@]. The samples  2.5. Satistical analysis

were then centrifuged at 15,0009 for 30 min and the su-

pernatants collected. The protein content of the lysates was For the RT-PCR and Western-blots experiments, all data
estimated using the Bradford method (Biorad, France). The are expressed as me#i$.E.M. Statistically significant data
amounts of proteins used for Western-blot analysis were were evaluated with a Fisheristest (SuperAnova, Abacus
10ug for human coronary and aortic VSMC to detect PLC Concepts, USA). Statistical significance was acceptéd-at

B1. The Proteins were loaded on to 8% SDS-Tris—glycine 0.05.

polyacrylamide gels and after electrophoresis the proteins

were blotted on to PVDF membranes. The membrane was

saturated for 2h in TBS containing 0.1% Tween and 5% 3. Results

non-fat dry milk. The primary rabbit polyclonal antibodies

against PLCB1 (sc-205, Santa Cruz Biotechnology Inc., 3.1. Kinetic effects of dexamethasone s on mRNA

Heidelberg, Germany) were used at 1:500 dilution. A per- levels of PLC g1

oxydase conjugated rat anti-rabbit antibody (Sigma, St.

Quentin Fallavier, France) was used at 1:15,000 dilution To evaluate the mRNA expression, a semi-quantitative
as secondary antibody. The ECL Western-blotting sys- RT-PCR involving33P incorporation in PCR products was
tem (Amersham Pharmacia Biotech, les Ulis, France) was used during the exponential phase of PCR product accumu-
used for detection. Autoradiographies were then scannedlation. We have performed RT-PCR using specific primers
using a densitometer (Biocapt, Villmer Lourmat, Torcy, designed iriTable 1 All these mRNA were detected in basal
France) and the PL@1 contents were normalized using culture conditions in the two cell types of VSMC (hCASMC

actin. and hAoSMC).
- Controls
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Fig. 1. (A) Time-dependent effects of 10M dexamethasone (Dex) dPLC 1 mRNA levels in human coronary artery smooth muscle cells (hnCASMC),

and in human aortic smooth muscle cells (hAoSMC). Cells were treated with Dex for the indicated times (C: controls). (B) Log-dose effédilof 10

Dex on PLC 1 mRNA levels in hCASMC treated for 4 h with doses ranging fronT#¥0to 10~ M, and in hAoSMC treated by Dex for 24 h with

doses ranging from 10 to 10~ M. Semi-quantitative RT-PCR was performed using®P)dGTP incorporation in the PCR products. Mea8.E.M. of

scan ratios (four determinations in hCASMC, and six determinations for hAOSMC) between the x mRNA and GAPDH mRNA used as a control probe.
P < 0.05 (¥); P <0.01 (x%); P < 0.00 (%) from controls using the FisherB-test.
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We have observed that 16M dexamethasone reduced
significantly the PLC 81 mRNA amount in hCASMC
(Fig. 1A). This decrease was significant after 2 h of treat-
ment, and was maximal at 48h (90% of reduction). In
hAoSMC, dexamethasone decreased significaRtlZ 51
MRNA levels only after 4 h of exposure, and this decrease
was maximal from 8 to 48 h (80% of reductiorijig. 1A).

3.2. Log-dose effects of dexamethasone on PLC g1
MRNA levels

Log-dose effects of dexamethasone were performed in the
two types of human VSMCHig. 1B), 4 h after addition of
dexamethasone in hCASMC and, after 24 h of treatment in
hAoSMC.

In hCASMC, a fall inPLC 81 mRNA was noted with
doses ranging from 1@ to 10-’ M dexamethasone. How-

& Molecular Biology 86 (2003) 173-178
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ever, hAoSMC appeared less sensitive to dexamethasone
sincePLC g1 mRNA were decreased only for large doses Fig. 2. Mifeprisone (RU-486) blunted the effect of dexamethasone (Dex)

(10~ M), no effect being observed with 1 nNFig. 1B).

PLCB1
GAPDH

on PLC 81 mRNA levels in human coronary artery smooth muscle cells

(hCASMC). Cells were preincubated 1 h with RU-486 and treated for 48 h

3.3. The glucocorticoid receptor is involved in
dexamethasone effects on PLC 81 mRNA expression

with 10-7 M Dex + RU-486. Semi-quantitative RT-PCR was performed
using @33P)dGTP incorporation in the PCR products. Mei&a$.E.M.
of scan ratios of six determinations between the x mRNA and GAPDH

mRNA used as a control prob@. < 0.001 ¢x*x) from controls using the
The effects of glucocorticoids and mineralocorticoids are Fisher'sF-test.

mediated by intracellular receptors. The mineralocorticoid
receptors (MR) bind both aldosterone and corticosterone
with high affinity (Kq = 0.5nM), whereas the glucocor-
ticoid receptor (GR) preferentially binds glucocorticoids,
although at a lower affinityKq = 5nM). To see the speci-
ficity of the effects of glucocorticoids oRLC 81 mMRNA,
hAoSMC were treated with several concentrations of aldos-
terone (107 to 10~ M) for 24 h. No variation orPLC A1
MRNA levels were observed for all doses tested (data not
shown).

To assess the implication of glucorticoid receptors in
the dexamethasone action ®.C g1 mRNA expression,
mifeprisone (RU-486), a specific antagonist of glucocor-
ticoid receptors was used. As shownhig. 2, hCASMC
were pretreated with T¢M of mifeprisone during 1h
and, then both 10’ M dexamethasone and RU-486 were
added for 48 h. The mifeprisone abolished the decrease of
PLC A1 mRNA induced by 10’ M dexamethasone. No
change in thé’LC 81 mRNA expression was observed after
the sole administration of mifeprison€ig. 2). Therefore,
the reduction ofPLC 81 mRNA expression under dex-
amethasone involved the interaction with glucocorticoids
receptors.

3.4. Effect of dexamethasone on PLC g1 protein
expression in hCASMC and in hAoSMC

conditions in both VSMC. In basal conditions of culture, the

and hAoSMC. To evaluate the dexamethasone effect on PLC

(A) hCASMC
: Yl T .o
= A ¥ (150 KDa)
£ L2 Actin
.g 1.0 - (42 Kda)
< 08 C  Dex 60h
A 06
8 0.4 "
~ 0.2 —r—
o .
Dex 60h
B) 4 hAoSMC
= PLCP1
s M. == (150 KDa)
A= Actin
éu T T (42Kda)
= C Dex48h
[«n N
8 Kk
[»
RN
C Dex 48h

Fig. 3. Effect of Dexamethasone (Dex) on PLE1 protein. Quantita-

tive determinations by Western-blot in human Coronary Artery Smooth

Muscle Cells (hnCASMC) (A) and in human Aortic Smooth Muscle Cells

Western-blots were done under reducing and denaturing(hAOSMC) (B). Cells were treated with T6M Dex for 60 h in hCASMC
and for 48 h in hAoSMC. Data are shown as me&i®E.M. of four de-

. . terminations for hCASMC and three determinations for hAoSMC. Each

PLC B1 isoform (150 kDa) was detected both in hCASMC  yajue was corrected by use of a control actin proBe< 0.05 (x);

P < 0.01 (x*) from controls using the FisherB-test.
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B1 protein expression, we treated the CASMC withr i
of dexamethasone for 60h and the AoSMC with 1@
of dexamethasone for 48 h. In both cases, the BlL.Gro-

177

4, Discussion

Glucocorticoids are known to affect the transduction

tein was markedly reduced by the dexamethasone treatmenpathway of angiotensin Il. Dexamethasone application in

(about 80% of reduction)Hg. 3.

3.5. Effects of dexamethasone on mRNA levels of AT1,
Gaq and Ga1l

As shown inFig. 4, we have determined the mRNA lev-
els of the angiotensin Il type | receptor (AT1 receptor). The
hCASMC and the hAoSMC, were exposed to-10/ of

rat VSMC induces a decrease in formation of inositol phos-
phate in spite of an increase in angiotensin |l receftbts
Angiotensin |l receptors (AT1) are coupled with GgiG
heterotrimeric proteins and PLCs. As yet, no data were
reported on the possible effects of dexamethasone on PLC
expression in human VSMC. So, we have investigated the
possible action of this synthetic glucocorticoid on mRNA
and protein expression of PLE1 in two types of human

dexamethasone and time course studies were performed (OYSMC. Different isoforms of PLCB are expressed in a
4, 8, 16, 24, and 48h). Administration of dexamethasone cell line of human VSMC, Western-blotting had character-

caused a significant increase of AT1 receptor mRNA at 4,

ized theBl, B2, B3, andp4 isoforms[12]. In our model,

16 and 48h in hAoSMC. No change was detected at 8 h dexamethasone reduced significantly #ieC g1 mRNA

(Fig. 4A) and 24 h. An increase in AT1 mRNA levels oc-

and protein expression in the two types of human VSMC

curred in CASMC after 48h of dexamethasone treatment used (hAoSMC and hCASMC). The fall in mRNA level

(Fig. 4B).

AT1 receptors are coupled too@ and 11, so, we
have investigated the effects of dexamethasone @q &hd
Gall mRNA levels. No change of &) and Gx11 mRNA
levels occurred after dexamethasone (M) treatment of
hCASMC during 24 and 48 hHg. 4B).

>

AT1 mRNA/GAPDH mRNA ratio

was rapid occurring 2 h after dexamethasone treatment in
hCASMC, and observed with 1 nM of the glucocorticoid.
The effect was specific of glucocorticoids, since aldosterone
treatment was without effect (data not shown). The use of
an antagonist of glucocorticoid receptors (RU-486) showed
that dexamethasone effect ®.C 81 mRNA involved an
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Fig. 4. (A) Time-dependent effects of 10M dexamethasone on AT1 mRNA levels in human aortic smooth muscle cells (hAoSMC). (B) Time-dependent
effects of 107 M dexamethasone on AT1,d® and Gxll mRNA levels in human coronary artery smooth muscle cells (RCASMC). Semi-quantitative
RT-PCR was performed using®P)dGTP incorporation in the PCR products. MeaB.E.M. of scan ratios (four determinations in hCASMC, and six
determinations for hAoSMC) between the x mMRNA and GAPDH mRNA used as a control ppebd.01 (xx); P < 0.001 ¢x) from controls using

the Fisher'sF-test.
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interaction with glucocorticoid receptors. The decrease in [2] M. Pirpiris, K. Sudhir, S. Yeung, G. Jennings, J.A. Whitworth, Pressor
PLC 81 mRNA levels in human VSMC was accompanied responsiveness in corticosteroid-induced hypertension in humans,
by a marked reduction of the protein level as shown after __ Hypertension 19 (1992) 567-574.

48 h of dexamethasone treatment. The recent characteriza-[3] EL. Schifin, D.J. Franks, J. Gutkowska, Effect of aldosterone
) on vascular angiotensin |l receptors in the rat, Can. J. Physiol.

tion of the 5'upstream region of the hum&h.C g1 gene Pharmacol. 63 (1985) 1522-1527.
[1] provides new insights about the possible transcriptional [4] H. Shibata, H. Suzuki, T. Maruyama, T. Saruta, Gene expression
effects of glucocorticoids on thELC g1 gene. No GRE of angiotensin Il receptor in blood cells of Cushing’s syndrome,

was found in the predicted promoter region, but 3 AP1 Hypertension 26 (1995) 1003-1010. o -
[5] H. Kai, T. Fukui, B. Lasségue, A. Shah, C.A. Minieri, K. Griendling,

site were Iocallzeq1]_ Sque_Stmg qn '”d,'reCt effect of the Prolonged exposure to agonist results in a reduction in the levels of
GR through protein interactions with c-jun and/or c-fos as the Gg/G11 alpha subunits in cultured vascular smooth muscle cells,
already known for the collagenase gqia8]. An effect of Mol. Pharmacol. 49 (1996) 96-104.

dexamethasone oRLC 81 mRNA and protein expression  [6] K. Okuda, Y. Kawahara, M. Yokoyama, Angiotensin Il type 1
was already reported in rats where repeated administrations receptor-mediated activation of Ras in cultured rat vascular smooth

. .. muscle cells, Am. J. Physiol. 271 (1996) H595-H601.
for 10 days increased the PLC expression in both membrane [7] R. Cheung, J. Mitchell, Mechanisms of regulation of G(11)alpha

and cytosol fractions of the hippocampdg!]. protein by dexamethasone in osteoblastic UMR 106-01 cells, Am.
Since glucocorticoids modulate the transduction pathway J. Physiol. Endocrinol. Metab. 282 (2002) E24-E30.
of angiotensin Il in rat VSMC, we look for an effect of dex-  [8] J.R. Schelling, N. Nkemere, M. Konieczkowski, K.A. Martin, G.R.
amethasone on angiotensin Il receptors and Qa/ﬁ- We Dubyak, Angiotensin Il activates the beta 1 isoform of phospholipase
. . C in vascular smooth muscle cells, Am. J. Physiol. 272 (1997)
showed here that dexamethasone, both in hCASMC and in

) . ! C1558-C1566.
hAoSMC increases AT1 receptor mRNA levels by induction (9] s. Frayon, C. Cueille, S. Gnidéhou, M.C. de Vernejoul, J.-M. Garel,

of AT1p mRNA, a subtype of the AT1 receptor (data not Dexamethasone increases RAMP1 and CRLR mRNA expressions
shown). Such an effect was already reported by Shibataetal. ~ in human vascular smooth muscle cells, Biochem. Biophys. Res.
[4] in human blood cells and by Sato et[dl5] in rat VSMC Commun. 270 (2000) 1063-1067.

. [10] C. Cuellle, E. Pidoux, M.C. Vernejoul, R. Ventura-Clapier, J.-M.
who demonstrated that dexamethasone induced AAT1 Garel, Increased myocardial expression of RAMP1 and RAMP3 in

mMRNA expression. Glucocorticoids are known to increase rats with chronic heart failure, Biochem. Biophys. Res. Commun.

Gaqg and Gxll protein expression in a rat osteosarcoma 294 (2002) 340-346.

cell line [7]. Here, no change ond® and Gxg mRNA ex- [11] J.R. Schelling, D.J. DeLuca, M. Konieczkowski, R. Marzec, J.R.

pressions in hCASMC treated with dexamethasone was ob- ~ S€dor, G.R. Dubyak, S.L. Linas, Glucocorticoid uncoupling of
. . . antiogensin Il-dependent phospholipase C activation in rat vascular

served. In C(_)nc?lus_lon, our data emphasized the po'FentlaI role smooth muscle cells, Kidney Int. 46 (1994) 675-682.

of glucocorticoids in the control of GPCR transduction path- [12] L. Blayney, P. Gapper, C. Rix, Identification of phospholipase C

ways in human VSMC involving PLC since dexamethasone B isoforms and their location in cultured vascular smooth muscle

decreased theLC g1 expression in basal culture conditions. cells of pig, human and rat, Cardiovasc. Res. 40 (1998) 564-
572.
[13] W. Liu, A.G. Hillmann, J.M. Harmon, Hormone-independent
Acknowledgements repression of AP-l-inducible collagenase promoter activity by
glucocorticoid receptors, Mol. Cell. Biol. 15 (1995) 1005-
1013.

This work was supported by INSERM.

[14] Y. Dwivedi, G.N. Pandey, Repeated administration of dexamethasone
increases phosphoinositide-specific phospholipase C activity and
mRNA and protein expression of the phospholipase C beta 1 isozyme
in rat brain, J. Neurochem. 73 (1999) 780-790.

[15] A. Sato, H. Suzuki, M. Murakami, Y. Nakazato, Y. Awaita, T. Saruta,
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