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Regulation of the expression of soluble guanylyl
cyclase by reactive oxygen species
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Background and purpose: Superoxide anions produced during vascular disease scavenge nitric oxide (NO), thereby reducing
its biological activity. The aim of the present study was to investigate whether reactive oxygen species (ROS) have a direct
effect on soluble guanylyl cyclase (sGC) subunit levels and function and to ascertain the mechanism(s) involved.
Experimental approach: Rat aortic smooth muscle cells (RASM) or freshly isolated vessels were exposed to reactive oxygen
species (ROS)-generating agents and sGC subunit expression was determined at the mRNA and/or protein level. cGMP
accumulation was also determined in RASM exposed to ROS.
Key results: Incubation of smooth muscle cells with H2O2, xanthine/xanthine oxidase (X/XO) or menadione sodium bisulphite
(MSB) significantly decreased protein levels of a1 and b1 subunits of sGC and reduced SNP-induced cGMP formation.
Similarly, sGC expression was reduced in freshly isolated vessels exposed to ROS-generating agents. The ROS-triggered
inhibition of a1 and b1 levels was not blocked by proteasome inhibitors, suggesting that decreased sGC protein was not due to
protein degradation through this pathway. Real time RT-PCR analysis demonstrated a 68% reduction in steady state mRNA
levels for the a1 subunit following exposure to H2O2. In addition, a1 promoter-driven luciferase activity in RASM decreased by
60% after H2O2 treatment.
Conclusion and implications: We conclude that oxidative stress triggers a decrease in sGC expression and activity that results
from reduced sGC steady state mRNA levels. Altered sGC expression is expected to contribute to the changes in vascular tone
and remodeling observed in diseases associated with ROS overproduction.

British Journal of Pharmacology (2007) 150, 1084–1091. doi:10.1038/sj.bjp.0707179; published online 5 March 2007

Keywords: cGMP; soluble guanylyl cyclase; reactive oxygen species; nitric oxide

Abbreviations: HBSS, Hank’s balanced salt solution; IBMX, isobutylmethylxanthine; JNK, c-Jun N-terminal kinase; MSB,
menadione sodium bisulphite; RASM, rat aortic smooth muscle cells; ROS, reactive oxygen species; RT-PCR,
reverse transcriptase–polymerase chain reaction; sGC, soluble guanylyl cyclase; SNP, sodium nitroprusside;
X/XO, xanthine/xanthine oxidase; SP600125, anthra[1,9-cd]pyrazol-6(2H)-one

Introduction

Soluble guanylyl cyclase (sGC) is a heterodimeric enzyme

composed of one a1 and one b1 subunit that share a

molecule of heme (Hobbs, 1997; Pyriochou and Papapetro-

poulos, 2005). The presence of heme is critical for the

expression of enzymatic activity and renders sGC sensitive to

nitric oxide (NO); sGC activity has been shown to increase

up to 400-fold in the presence of NO (Waldman and Murad,

1987; Friebe and Koesling, 2003). In many instances,

activation of sGC and generation of cyclic guanosine

monophosphate (cGMP) mediates the effects of NO. In the

vasculature, NO-induced relaxation and inhibition of plate-

let aggregation occur through cGMP (Lucas et al., 2000).

Although the main endogenous activator of sGC is NO

acute exposure of purified enzyme, cells or tissues to carbon

monoxide or reactive species (hydroxyl radicals, peroxyni-

trite or hydrogen peroxide) can also increase cGMP accu-

mulation and vasorelaxation, but to a lesser extent than NO

(Waldman and Murad, 1987; Tarpey et al., 1995; Hobbs,

1997; Wolin, 2000). Moreover, subacute exposure of cells or

tissues to NO-generating compounds leads to sGC desensi-

tization without altering sGC subunit expression, whereas

more prolonged incubation with NO donors reduces mRNA

levels for a1 and b1 (Waldman and Murad, 1987; Moncada

et al., 1991; Papapetropoulos et al., 1996b; Filippov et al.,

1997). The NO-triggered downregulation of sGC subunit

mRNA is mediated by a depletion in HuR, an elav-like

34-kDa protein that binds to AU-rich elements in the
Received 19 October 2006; revised 8 December 2006; accepted 29 December

2006; published online 5 March 2007

Correspondence: Dr A Papapetropoulos, Department of Critical Care and

Pulmonary Services, ‘George P. Livanos’ Laboratory, University of Athens,

Evangelismos Hospital, Athens 10675, Greece.

E-mail: apapapet@upatras.gr

British Journal of Pharmacology (2007) 150, 1084–1091
& 2007 Nature Publishing Group All rights reserved 0007–1188/07 $30.00

www.brjpharmacol.org



30 untranslated region (UTR) of the sGC a1 and b1 mRNAs

and protects them from degradation (Kloss et al., 2003,

2004).

Reactive oxygen species (ROS) affect many smooth muscle

cell functions, including growth, differentiation, apoptosis

and tone (Irani, 2000; Su et al., 2001). In addition, many of

the actions of vasoactive substances such as angiotensin II,

platelet-derived growth factor and thrombin are mediated

through the generation of H2O2 and superoxide anions (O2
�)

following binding of these ligands to their cognate receptors

(Thannickal and Fanburg, 2000). Increased production of

ROS has been documented in many pathophysiological

conditions associated with vascular dysfunction, including

atherosclerosis, hypertension, diabetes, sepsis, ischemia/

reperfusion and cigarette smoking (Harrison, 1997; Maytin

et al., 1999). Although scavenging of NO by O2
� could explain

the reduced vasodilation observed in many vascular diseases,

evidence from genetic models of hypertension associated

with enhanced ROS generation indicates that dysfunction

of the NO/cGMP pathway might also be attributed to a

reduction in sGC expression (Bauersachs et al., 1998). The

aim of the present study was to examine the effects of ROS

producing agents on sGC subunit protein levels and

function and to investigate the mechanism(s) underlying

the changes observed.

Methods

Cell culture

Rat aortic smooth muscle (RASM) cells were cultured in

Dulbecco’s modified Eagle’s medium (DMEM), supplemen-

ted with 10% FCS, 100 U ml�1 penicillin, 100mg ml�1

streptomycin and 2 mM L-glutamine at 371C in a humidified

atmosphere with 5% CO2 to 95% air. For the present study,

cells between passages 2 and 7 were used.

Cell treatments

Before treatment, RASM cells were serum-starved for 4 h

using fresh DMEM supplemented with L-glutamine, anti-

biotics and 1% BSA. In all subsequent steps, cells were

maintained in this serum-free medium. To induce oxidative

stress, cells were exposed for 24 h to varying concentrations

of hydrogen peroxide (H2O2; 150 or 500 mM), X/XO (75/12.5

or 300/50 mM/mU) and menadione sodium bisulfite (MSB; 10

or 15 mM). When proteasome inhibition was desired cells

were pretreated with MG-132 (10 mM) or lactacystine (10 mM)

for 2 h and then incubated with either H2O2 (500 mM) or MSB

(10 mM) for an additional 24 h. For c-Jun N-terminal kinase

(JNK) inhibition, cells were pretreated with anthra[1,9-

cd]pyrazol-6(2H)-one (SP600125) (10 mM) for 1 h and then

incubated with H2O2 (500 mM) for an additional 24 h.

Viability of cells after exposure to ROS was determined by

the trypan blue exclusion assay.

Rat aortic strips

In some experiments, freshly isolated rat aortic tissue was

used. Rats (12–14 weeks of age) were anesthetized, killed by

exsanguination and thoracic aortas collected; the endothe-

lium was removed by gentle rubbing and vessels were cut

longitudinally; strips from each animal were placed in tissue

culture plates and treated with ROS-generating agents for

24 h in serum-free medium.

Cell-lysate preparation and Western blotting

Following treatments, cells were lysed and processed as

described (Zhou et al., 2004). The antibody dilutions used

were as follows: anti-a1, 1:5000; anti-1, 1:2000; anti-actin,

1:5000; anti-rabbit horseradish peroxidase (HRP), 1:5000;

anti-mouse HRP, 1:2000. Western blots were quantified using

the Gel-Pro Analyzer software version 4.0 (Media Cybernetics

Inc., Silver Spring, MD, USA); values obtained for the a1

and b1 sGC subunit were normalized for actin and presented

as % of control.

cGMP enzyme immunoassay

RASM cells were grown in 24 multiwell plates until

confluent, serum-starved for 4 h as described above and then

treated with the indicated ROS concentration for 24 h. For

proteasome inhibition, cells were pretreated with MG-132

(10 mM) for 2 h and then incubated with either H2O2 (500 mM)

or MSB (10 mM) for an additional 24 h. Following treatments,

cells were washed with Hank’s balanced salt solution (HBSS)

and incubated in the presence of 1 mM of the phosphodies-

terase inhibitor, isobutylmethylxanthine (IBMX). After

10 min, cells in half of the wells were stimulated with

10 mM of sodium nitroprusside (SNP) for 15 min. At the end

of the 15 min period, media were aspirated and 300 ml of

0.1 N HCl added to all wells to extract cGMP. After 30 min,

HCl extracts were collected and analyzed for cGMP using the

cGMP enzyme immunoassay kit according to the manufac-

turer’s instructions. Values are presented as cGMP per

well; typically, the amount of protein per C-24 well was

100–150 mg.

Total RNA isolation, semiquantitative reverse transcriptase-

polymerase chain reaction and quantitative real-time polymerase

chain reaction

RASM cells were grown until confluent, serum-starved for 4 h

and then treated with H2O2 (500 mM) for 12 and 24 h. Total

RNA was isolated using Trizol. After photometric quantita-

tion at 260 nm, only RNA samples with ratio of 1.85 or

higher were used for further analysis. For reverse transcrip-

tase-polymerase chain reaction (RT-PCR), reverse transcrip-

tion was performed using 3 mg of total RNA per sample and

oligo dT15 according to the manufacturer’s protocol (Super-

script; Invitrogen, Paisley, UK). The complementary DNA

(cDNA) produced was then diluted 1:5 with water and

amplified using primers for sGC a1 and GADPH (sense for a1:

CACCATGTTCTGCAGGAAGTTCAAA; antisense for a1: ATC

TACCCCTGATGCTTTGCCTA). Reactions were carried out by

mixing 5 or 0.5 ml of cDNA (for a1 and GADPH amplification,

respectively), 5ml of 10 � PCR buffer, 1 ml of 10 mM dNTPs,

0.5 ml of 100 mM a1 or GADPH gene primer pair and 0.2 ml of

5 U ml�1 platinum Taq DNA polymerase. Amplification was
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carried out for 26, 28, 30 and 32 cycles. Each cycle consisted

of denaturing for 1 min at 941C, annealing for 1.5 min at

561C and extension for 3 min at 721C. PCR products were

electrophorised on 1% agarose gels, stained with ethidium

bromide and photographed under UV light. For quantita-

tive-PCR, 2mg of each RNA sample was reversely transcribed

into cDNA as described above; cDNA was again diluted 1:5

with water and amplified using specific primers for sGC a1

and 18S (sense for a1: CGGAAAATCAATGTCAGCCC, anti-

sense for a1: AGGGAAGTTTGGTGGAAGTC; sense for 18S:

TCAAGAACGAAAGTCGGAGGTT, antisense for 18S: GGA

CATCTAAGGGCATCACAG). Each PCR included 1 � PCR

buffer with 2.5 mM MgCl2, 80 nN dNTPs, 0.3mM of each

primer, 2.5 U of platinum Taq polymerase and 1 � SYBR

Green I. The cycling parameters included: 951C for 5 min,

951C for 30 s and 601C for 30 s for 40 cycles. The amplifica-

tions were carried out in a PTC-200 Peltier Thermal Cycler

with a CHROMO 4 Detector (BioRad, Hercules, CA, USA) and

analyzed with the Opticon Monitor software version 2.03.

The relative quantity of the target mRNA (sGC a1) was

calculated using the DDCT method and 18S rRNA as a control

for normalization.

Transient transfections of RASM cells and luciferase assays

Cells were plated in six-multiwell plates at a density of

2�105 cells per well and allowed to grow overnight. They

were then transfected with the appropriate plasmid using the

jetPEI transfection reagent according to the manufacturer’s

instructions, applying a total of 4 mg of DNA and 4.8 ml of

jetPEI per well. Two different plasmids were used, one that

contained the luciferase gene and, upstream, the 1.45 kb sGC

a1 promoter region with the full-length 50UTR region and

another construct that contained no 50UTR region. Twenty-

four hours after transfection, cells were serum-starved for 4 h

and incubated with H2O2 (500 mM) for an additional 24 h.

At the end of the incubation time, cells were lysed and

luciferase activity was measured by the luciferase reporter

gene assay kit and according to the manufacturer’s instruc-

tions. Protein concentration of the lysates was also deter-

mined using the Bio-Rad protein assay kit.

Statistical analysis

Data are expressed as means7s.e.m. of the mean of the

indicated number of observations. Statistical comparisons

between groups were performed using one-way analysis

of variance. Differences among means were considered

significant with *Po0.05.

Materials

DMEM, FCS, trypsin and penicillin/streptomycin were

obtained from GIBCO-BRL (Paisley, UK). Hydrogen peroxide

was obtained from Applichem (Darmstadt, Germany).

SP600125 was obtained from Tocris Cookson (Avonmouth,

UK). Trizol, Superscript First-Strand Synthesis System for

reverse transcription and platinum Taq polymerase were

purchased from Invitrogen (Paisley, UK); dNTPS and Taq

DNA polymerase from Fermentas (St Leon-Rot, Germany)

and NucleoSpin Plasmid kits from Macherey-Nagel (Düren,

Germany). The mouse a1 promoter plasmids were a generous

gift from Roberto Vazquez-Padron. jetPEI transfection

reagent was obtained from Polyplus-transfection (Illkirch,

France); cGMP enzyme immunoassay kits from R&D Systems

(Minneapolis, MN, USA) and luciferase reporter gene assay

kit from Boehringer-Mannheim (Mannheim, Germany). DC

protein assay kit, Tween-20 and sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS-PAGE) reagents were

obtained from Bio-Rad (Munich, Germany) and nitrocellu-

lose membrane Hybond ECL from Amersham Biosciences

(Vienna, Austria). Polyclonal antibodies (pAb) for a1 and

b-actin were obtained from Sigma (St Louis, MO, USA). pAb

to b1 was purchased from Cayman Chemicals (Ann Arbor,

MI, USA). Secondary anti-rabbit and anti-mouse HRP-labeled

antibodies were obtained from Santa Cruz Biotechnology

(Santa Cruz, CA, USA) and NEN Life Science Products Inc.

(Boston, MA, USA), respectively. SuperSignal West Pico

chemiluminescent substrate was purchased from Pierce

(Rockford, IL, USA) and X-ray film from Eastman Kodak

(Rochester, NY, USA). All other chemicals were purchased

from Sigma (St Louis, MO, USA).

Results

ROS reduce protein levels of both a1 and b1 sGC subunits and

SNP-induced cGMP accumulation

To study the effects of oxidative stress on the abundance of

sGC, RASM cells were exposed for 24 h to varying concentra-

tions of hydrogen peroxide (H2O2–150, 500 mM), X/XO (75/

12.5 and 300/50 mM/mU) or MSB (10, 15 mM). Following

treatment with the lower H2O2 concentration, the protein

levels of the a1 subunit remained unaltered. Interestingly, b1

levels showed a small, but significant increase. Following

treatment with the higher concentration of H2O2, protein

levels of both subunits decreased, with the maximal reduc-

tion reaching 58% for a1 and 64% for b1 (Figure 1a).

Exposure to X/XO resulted in a 70% decrease in protein

levels for both subunits at the maximum concentration used

(Figure 1b). In addition, RASM treated with MSB, an agent

that releases superoxide anions, exhibited drastic reductions

in sGC protein levels (Figure 1c). It should be noted that sGC

levels in RASM were also reduced, although to a smaller

extent, when ROS-generating agents were applied for 12 h

(data not shown). Exposure of cells to the ROS-generating

agents for 24 h did not result in overt toxicity based on (a)

measurements of protein content per monolayer (data not

shown), (b) actin levels and (c) cell viability estimated by

trypan blue exclusion (81.8%73.2 for control; 74.7% 74.0

for 500 mM H2O2 and 78.4% 71.7 for 10 mM MSB-treated

cells).

To demonstrate changes in the properties of cells exposed

to ROS-regenerating agents, we measured cGMP accumula-

tion in RASM stimulated with SNP. Following SNP treatment,

cGMP levels increased 25–40-fold in control cells. As

illustrated in Figure 2a–c, cells treated with H2O2, X/XO or

MSB displayed reduced cGMP levels after stimulation with

the NO donor, in a manner that correlated with the

reduction in subunit levels. To determine whether ROS have

sGC expression and ROS
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the ability to downregulate sGC expression in contractile

smooth muscle cells, rat aortic strips were incubated with

vehicle, MSB or H2O2. As observed with cultured cells, both

a1 and b1 levels were reduced after a 24 h incubation with

ROS-generating agents (Figure 3a and b).

Mechanisms of ROS-induced downregulation of sGC

To identify the mechanisms responsible for the downregula-

tion of sGC by ROS, we initially tested whether reduced sGC

levels were the result of proteolytic degradation through the

proteasome pathway. Therefore, RASM cells were exposed for

2 h with the proteasome inhibitor MG-132 before H2O2

or MSB treatment. sGC subunit protein levels and cGMP

accumulation assessed 24 h later were comparable irrespec-

tive of the presence or not of the proteasome inhibitor

(Figure 4a–d). Similar results were also obtained with another

proteasome inhibitor, lactasystin (data not shown).

Recent evidence in the literature supports the notion that

JNK activation reduces sGC expression (Krumenacker et al.,

2005). To investigate the contribution of this pathway in

the ROS-induced downregulation of sGC, we used the JNK

inhibitor SP600125. As illustrated in Figure 5, exposure of

unstimulated cells to SP600125 reduced a1 protein levels,

suggesting that sGC expression requires basal JNK activity;

moreover, pretreatment with SP600125 potentiated the

H2O2-induced downregulation of sGC subunits.

We next set out to investigate whether the reduction in

protein levels observed was preceded by a decline in steady-

state mRNA levels. We isolated total RNA from RASM cells
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exposed to H2O2 for 12 and 24 h and a1 mRNA levels were

assessed using semiquantitative RT-PCR and quantitative

real-time PCR. As illustrated in Figure 6a, high levels of a1

mRNA are present in the control cells, whereas H2O2

treatment for 12–24 h decreases expression of this subunit.

Steady-state levels of a1 mRNA after 12 h of treatment with

H2O2 were reduced by 68%, as determined by real-time PCR

(Figure 6b).

To examine the possible mechanisms implicated in down-

regulation of a1 steady-state mRNA levels observed, we
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tested the effect of H2O2 on the activity of a1 promoter-

driven luciferase activity. RASM cells were transfected with

the promoter constructs (Vazquez-Padron et al., 2004),

exposed to 500 mM H2O2 for 24 h and luciferase activity was

measured. As illustrated in Figure 7b, following H2O2

treatment promoter activity of the 1.45 kb fragment flanking

the a1 gene decreased by 60%. Deletion of the UTR from the

promoter sequence resulted in lower levels of transcriptional

activity that was also inhibited by stimulation with H2O2.

The above-mentioned observations taken together are con-

sistent with the hypothesis that reduced steady-state a1

mRNA levels brought about by H2O2 are responsible for

downregulation of sGC expression; the effects of H2O2 could

be caused by reduced transcription and/or accelerated mRNA

decay.

Discussion

Overproduction of ROS is a common finding in cardiovas-

cular disease and is accompanied by reduced endothelium-

derived NO responses (Harrison, 1997; Maytin et al., 1999;

Cai and Harrison, 2000). In some experimental models,

however, decreased responsiveness of blood vessels to

endothelium-independent vasorelaxing agents such as

nitroglycerin and other NO donors is also observed, whereas

dilation in response to cell-permeable cGMP analogs remains

unaffected (Kagota et al., 2001). Taken together, these

observations suggest that, in addition to reduced NO

bioavailability, impaired sGC function might contribute to

the increased tone seen in pathophysiological conditions

associated with chronic overproduction of ROS. Despite

these findings, however, no direct link between enhanced

ROS and decreased sGC expression has been established.

To test directly the effect of oxidative stress, smooth

muscle cells were exposed to H2O2 or X/XO and sGC subunit

protein levels were determined. Exposure of RASM cells

or freshly isolated aortic strips to ROS-generating agents

resulted in a downregulation of both the a1 and b1 subunit,

as well as sGC activity. In agreement with our observations,

exposure of pulmonary artery smooth muscle cells to a

H2O2-generating system led to a decrease in a1 protein levels

and sGC activity (Wedgwood et al., 2005). In contrast, Weber

et al. (2001) reported no change in the levels of b1 in rat

aortic rings incubated with X/XO. The discrepancy between

our data and that of Weber et al. (2001) might be explained

by the shorter incubation time of the tissues (4 h) used in the

latter study.

The concentrations of ROS-generating agents used in the

present study are well within the range of concentrations
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semiquantitative RT-PCR (a) and quantitative real-time PCR (b). (a) Photograph depicts an ethidium bromide-stained agarose gel with the RT-
PCR products for sGC a1 and GADPH. W¼water, used as control in the PCR. (b) The bar graph shows the relative decrease of a1 mRNA levels
in cells treated with H2O2 for 12 h compared to control in quantitative real-time RT-PCR.

5‘upstream 5‘UTR 

sGC1 α1 promoter
R

F
U

/m
g 

pr
ot

ei
n

pGL3 basic 5' UTR ∆5' UTR

0

100000

200000

300000

400000

500000

600000

700000 control

H2O2

*

*

#

#

Luciferase

a b

Figure 7 H2O2 reduces a1 promoter-driven luciferase activity. (a) Schematic diagram of the promoter constructs used. (b) RASM cells were
transiently transfected with the sGC a1 promoter constructs. Twenty-four hours after transfection, cells were serum-starved for 4 h and then
incubated for an additional 24 h with 500 mM of H2O2. After 24 h cell, lysates were prepared and luciferase activity was measured. Values are
means7s.e.m. (n¼4), #Po0.05 versus empty vector (pGL3basic); *Po0.05 versus control.
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commonly used in the literature. On the basis of the

observations that actin levels remain unaltered following

treatments with ROS-generating agents for 24 h and that

protein content and cell viability are not affected, we can

rule out the possibility that the observed effects on sGC

levels and activity result from toxicity. It should be noted

that endogenously produced ROS in response to receptor

activation might mimic the effects of exogenously applied

ROS-generating agents. We and others have shown that

exposure of RASM to lipopolysaccharide (LPS), an agent that

stimulates the production of ROS in mammalian cells, leads

to a reduction in a1 and b1 mRNA and/or protein levels, as

well as impaired relaxant responses to nitrovasodilators

(Papapetropoulos et al., 1996a; Hoque et al., 1998; Takata

et al., 2001). Although uncontrolled production of NO in

these cells has been implicated in the downregulation of sGC

levels, the observation that LPS reduces sGC expression in

cells isolated from iNOS�/� mice (Takata et al., 2001)

suggests that ROS might contribute to the effects of LPS on

sGC subunit levels. Several additional observations made by

a number of different laboratories support the notion that

endogenously produced ROS reduce sGC expression. Spon-

taneously hypertensive rats exhibiting increased production

of O2
� present a deficit in sGC expression and in vascular

relaxation in response to nitrovasodilators (Bauersachs et al.,

1998; Ruetten et al., 1999; Kloss et al., 2000); under these

conditions eNOS levels remained unchanged. Reduced b1

levels have also been reported in the aortas of rats rendered

hypertensive by high salt intake (Kagota et al., 2001).

Moreover, ageing, a condition characterized by higher than

normal ROS levels (Finkel and Holbrook, 2000), has been

linked to decreased a1 and b1 levels in normal and

hypertensive animals (Ruetten et al., 1999; Kloss et al.,

2000). Finally, reduction in the levels of b1 in animals that

developed hypertension following lead administration is

prevented by treatment with the antioxidant vitamin C

(Marques et al., 2001). In contrast, Mulsch et al. (2001)

observed an increase in sGC expression in nitroglycerin-

tolerant vessels, in spite of the accompanying overproduc-

tion of superoxide.

ROS are known to activate multiple signaling pathways in

mammalian cells including members of the mitogen-acti-

vated protein kinase (MAPK) family of proteins (Thannickal

and Fanburg, 2000). Recently, JNK activation was found to

mediate the decrease in a1 expression brought about by

nerve growth factor and a tumor necrosis factor-a/inter-

leukin-1b mixture (Krumenacker et al., 2005). To test the

involvement of JNK in H2O2-induced reduction of sGC

protein levels, cells were pretreated with the JNK inhibitor,

SP600125. JNK inhibition downregulated sGC subunit

protein levels in smooth muscle cells; in addition, the

H2O2-triggered reduction in sGC levels was exacerbated in

cells treated with SP600125 suggesting that the effects of

H2O2 on sGC levels are JNK-independent. However, results

obtained with this particular pharmacological inhibitor

should be interpreted with caution, as it is known to inhibit

other kinases in addition to JNK.

Mammalian cells have limited protein repair mechanisms

and oxidatively damaged proteins are frequently targeted for

destruction by proteolytic enzymes. Ample evidence suggests

that many proteins in cells exposed to oxidative stress are

degraded by the proteasome pathway (Davies, 2001).

Pretreatment of cells with proteasome inhibitors did not

prevent the H2O2-induced reduction of sGC protein, sug-

gesting that ROS do not inhibit sGC expression by promot-

ing proteasomal degradation of the enzyme subunits. To

investigate if the reduced sGC protein levels could be

because of reduced transcription and/or mRNA stability of

the sGC subunits, we ascertained steady-state mRNA levels

following treatment with H2O2. Indeed, such treatment

caused a drastic decline in a1 mRNA levels that was

accompanied by reduced a1 promoter activity. Treatment

of cells with H2O2 might inhibit the binding or the function

of transcription factors required for basal sGC a1 expression

or promote the interaction of transcriptional repressors with

the a1 promoter sequences. Alternatively, exposure of cells to

H2O2 might inhibit the levels of the sGC mRNA stabilizing

protein HuR; preliminary observations indicate that smooth

muscle cells exposed to ROS exhibit a transient decrease in

HuR protein (Gerassimou and Papapetropoulos; unpublished

data).

In summary, exposure of smooth muscle cells to exogen-

ously applied ROS-generating agents causes a decrease in a1

and b1 sGC subunit levels and attenuates cGMP formation

induced by SNP. Moreover, ROS downregulate a1 steady-state

mRNA levels; this decline in a1 expression is accompanied

by a decrease in a1 promoter activity. As cGMP has been

implicated in pathways regulating smooth muscle cell

proliferation as well as vessel tone, inhibition of sGC

expression by ROS in pathophysiological states would be

expected to modulate vascular remodeling and tone.
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