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by Down-Regulation of Cellular Signaling and the Inhibition
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ABSTRACT—Statins, which competitively inhibit 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase activity and reduce mevalonate synthesis, are believed to exert a plethora of pleiotropic effects. In
this report, molecular mechanisms of the inhibitory effect on plasminogen activator inhibitor type 1 (PAI-1)
expression produced by cerivastatin (CRV), the most active compound in this class, were studied using
monocultures of human endothelial cell line (EA.hy 926). CRV similar to another statin, lovastatin (LOV),
significantly inhibited PAI-1 expression and its release from endothelial cells, nonstimulated and stimulated
with TNF-¢. The inhibitory effect of CRV could be detected at the level of PAI-1 promoter in EA.hy 926
cells transfected with plasmid p800 LUC containing PAI-1 promoter fragment (+71 to —800), as well as at
the level of PAI-1 mRNA. The PAI-1 promoter activity was markedly suppressed in the nonstimulated cells
and almost completely inhibited in TNF-¢-stimulated cells. In addition, CRV at low doses (ICsp of 4 —
6 M) significantly inhibited mitogen-activated protein kinases (MAPKs) phosphorylation. The majority of
inhibitory effects occurred at significantly lower concentrations for CRV compared to LOV. The mechanism
by which CRV inhibits PAI-1 expression appears to be directly associated with geranylgeranylation of
some cell proteins, since the inhibitory effect on PAI-1 expression can be reversed by geranylgeranyl-

pyrophosphate but not by farnesyl-pyrophosphate.
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Human endothelial cell

Statins, the selective inhibitors of 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase, a key enzyme
in the synthesis of cholesterol, are the most effective agents
currently available for lowering plasma levels of low-
density lipoprotein cholesterol (LDL-C) and are the main-
stay of therapy for hyperlipidemia (1 —3). Several large,
controlled clinical trials have confirmed significant reduc-
tions in the rates of coronary heart disease morbidity and
death with long-term statin therapy in patients with mild
to severe hypercholesterolemia (4 — 6). Moreover, selected
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statins have been claimed to offer some potential benefits
in addition to the lipid-lowering activity found in other
statins (7 —10). The drugs were found to affect cellular
mechanisms by influencing chemokines, expression of
surface adhesion molecules, endothelin and nitric oxide
synthase (11 — 16). Furthermore, statins were described to
inhibit activation of transcription nuclear factors NF-xB
and AP-1 (17, 18). Hence, the overall clinical benefit of
HMG-CoA reductase inhibitors may derive from qualita-
tive, functional changes in atherosclerotic lesions, as well
as the amelioration of fibrinolytic parameters in addition to
their lipid-lowering properties. By inhibiting the expression
of plasminogen activator inhibitor type 1 (PAI-1) in endo-
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thelial cells, statins may alter the local fibrinolytic balance
within the vessel wall toward increased fibrinolytic capaci-
ty that, in turn, would reduce thrombotic risk after plaque
rupture (19, 20). The suggestion has been raised that HMG-
CoA reductase inhibitors may interfere with cellular signal
transduction by blocking Rho GTPase geranylgeranylation
and thus they may modulate the nuclear expression of some
proteins, for example PAI-1 in endothelial cells (20).

To test this hypothesis, we studied molecular mecha-
nisms by which some statins could reduce PAI-1 expres-
sion in endothelial cells, at the level of PAI-1 promoter and
thus influence fibrinolytic balance in the vicinity of vessel
wall. In the present study, we compared the action of two
statins: lovastatin (LOV) and cerivastatin (CRV). While
the former is the so called first-generation statin effective
at relatively high therapeutic doses, the latter was once
recognized as the most potent drug in this class with respect
to its biopharmaceutical profile and bioavailability.
Although no longer used in clinical practice due to some
undesirable interference with other medications, CRV re-
mains an excellent, very active HMG-CoA reductase inhib-
itor that may be employed in model studies. In this study,
we have shown that the molecular mechanism(s) of the in-
fluence of CRV on fibrinolysis results from the inhibition
of geranylgeranylation of some signalling proteins and in-
volves the suppression of all the stages of signalling leading
to PAI-1 gene expression in both basal and TNF-«-stimu-
lated endothelial cells.

MATERIALS AND METHODS

Chemicals and materials

Unless otherwise stated, all chemicals used were from
Sigma Chemicals Co. (St. Louis, MO, USA). The Elisa-
Imulyse PAI-1 immunoenzymatic kit was from Biopool
(Umea, Sweden); and the rabbit polyclonal antibodies
against active extracellular signal-regulated kinase (ERK1
/2), anti-(rabbit IgG) Ig horseradish peroxidase conjugates,
TNF-a, reporter vector pGL3, as well as the Luciferase
Assay System, were from Promega (Madison, WI, USA).
All standard tissue culture reagents including DMEM, fetal
calf serum (FCS), f-galactosidase Enzyme Assay System
and LipofectAMINE Plus reagent were from Gibco Life
Technologies Ltd. (Paisley, UK). Protein assay reagents
and polyacrylamide gel chemicals were from BioRad
(Richmond, CA, USA). Cerivastatin sodium (CRV) was a
kind gift from Bayer AG (Zurich, Switzerland), and the
plasmid p800OLUC with PAI-1 promoter was obtained as
a gift from Dr. David J. Loskutoff from Department of
Immunology, Scripps Clinic and Research Foundation (La
Jolla, CA, USA).

Cell cultures

The human endothelial cell line EA.hy 926, derived by
fusion of human umbilical vein endothelial cells with con-
tinuous human lung carcinoma cell line A549, was ob-
tained as a gift from Professor Cora-Jean S. Edgell (Patho-
logy Department, University of North Carolina at Chapel
Hill, NC, USA). EA.hy 926 cells closely resemble human
umbilical vein endothelial cells and maintain the character-
istics of differentiated endothelium (21, 22). The cells
were cultured in growth medium containing DMEM, HAT
(100 M hypoxanthine, 0.4 M aminopterin, 16 #M thim-
idine) and 10% FCS in a 90 — 95% humidified atmosphere
of 5% CO, at 37°C. To evaluate the effect of either statin on
PAI-1 expression at the level of protein synthesis,
EA hy 926 cells were grown on 48-well microplates. The
cells were continuously kept at their logarithmic growth
phase by diluting and supplying them with fresh culture
medium every two or three days. All cultures were free
of mycoplasma. Prior to the treatment with either LOV or
CRYV, the cell medium was changed and the cells starved
for 12 h in DMEM supplemented with 0.1% FCS to ensure
the appropriate cell synchronisation. Such conditions
neither affected cell viability nor caused any detectable
increase cell activation (not shown) (23). Then LOV (10—
80 uM) or CRV (0.01 —20 uM) were added and the cells
were further incubated for 24 h in 48-well microplates.
Optionally, to determine whether the effects of CRV on
PAI-1 synthesis might be mediated by protein isopreny-
lation, the incubation of cultured endothelial cells with
1 uM CRV was performed in the presence of either 15 M
farnesyl pyrophosphate (FPP) or 15 uM geranylgeranyl
pyrophosphate (GGPP) (20). At the termination of cell
growth, the media were collected, and PAI-1 antigen was
determined immunoenzymatically. For kinase assays, cells
cultured in 10-cm Petri dishes were preincubated with 0 —
20 M CRV for 30 min prior to the activation with 50 ng
/ml TNF-a (20 min). Then they were washed twice with
cold PBS and lysed in 300 ul of the lysis buffer (20 mM
Hepes, pH 7.5, 150 mM NaCl, 10% glycerol, 1% Triton
X-100, 1.5mM MgCl,, 1mM PMSF, 2mM sodium
orthovanadate, 50 mM NaF, 10 mM sodium pyrophos-
phate, 1 g£g/ml leupetin, 1 xg/ml aprotinin). Cell lysates
were harvested by centrifugation at 14,000 x g for 5 min,
4°C.

To monitor cytotoxic effects, endothelial cells kept for
24 h at 37°C in medium supplemented with FCS were
treated with 0 — 20 M CRV or 0 — 80 M LOV. Then, the
endothelial cell viability was determined microscopically
by Trypan Blue exclusion. In addition, apoptotic effects
of statins within the concentrations used were evaluated
by flow cytometry using an Annexin V-FITC Apoptosis
Detection Kit (Sigma). Only cell cultures showing less
than 1% dead cells were included into the study.
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Kinase assays

Kinase assays were performed as described before (23).
The treatment of cells with TNF-a (50 ng/ml) for 20 min
was used to reach a maximum activation of ERK 1/2.
Aliquots of cell lysates containing 20 g protein were
separated by SDS/PAGE and electrophoretically trans-
ferred to nitrocellulose membranes (0.45-um pore size).
Mitogen-activated protein kinases (MAPKSs) were detected
with polyclonal antibody specific to the active forms of
ERK1/2 (dilution 1:1000, Promega). The concentration of
the phosphorylated form of MAPK was evaluated by
Western immunoblotting. Immunodetection was accom-
plished using the enhanced chemiluminescence kit (ECL
Kit; Amersham, Little Chalfont, UK), and then films were
scanned and protein bands quantitated with the use of Gel
Doc™ 2000 Gel Documentation System (Bio-Rad).

Transfection of cells

Semiconfluent cell cultures (EA.hy 926) in 6-well tissue
culture plates were transfected with DNA constructs (plas-
mid p8O0OLUC with PAI-1 promoter) using the lipo-
fect AMINE method. Cells were transfected with 4 pg of
p800 LUC containing PAI-1 promoter and 5 ug of pSV
vector containing the fJ-galactosidase gene to evaluate the
transfection efficiency. For statin studies, either CRV (2 —
20 M) or LOV (20— 80 uM) were added to the wells of
culture plates, cells were incubated for 24 h, and then the
cells were washed and harvested in the lysis buffer. After
centrifugation for 5min at 4°C, the supernatants were
transferred into fresh vials and used for enzymatic assays.
A luciferase assay kit was used according to the manu-
facturer’s instructions, using a liquid scintillation counter
(Beckman LS6000LL; Beckman Instruments, Fullerton,
CA, USA). p-Galactosidase activity from a constitutively
expressed internal control was assayed with a f-galactosi-
dase Enzyme Assay System according to manufacturer’s
instructions and with the use of a microplate reader
(EL340; Bio-Tek Instruments, Inc., Winooski, VT, USA).
In parallel experiments, EA.hy 926 were transfected with
the luciferase reporter vector pGL3 and used as a control
cells to test whether the effects of statins were specific
for PAI-1 promoter.

PAI-1 antigen and mRNA analysis

PAI-1 antigen was assayed as described before (23).
Total cellular RNAs were extracted from human endo-
thelial cells using the Trizol reagent method, a single-step
purification protocol (24). The concentration and purity
of total RNA were determinated by spectrophotometric
readings at 260 and 280 nm. The quality of the isolated total
RNA was also checked by 1% agarose-2M formaldehyde
gel electrophoresis. A 1-ug sample of total RNA was then
used for cDNA synthesis by the SuperScript I RNase H

Reverse Transcriptase System, using oligo (dT) 12—18
primers. cDNA was amplified with forward and reverse
primers specific for PAI-1 (5'GCTGAATTCCTGGAG
CTCAG3', 5'CTGCGCCACCTGCTGAAACA3") or pS-
actin (5'GTGGGGCGCCCCAGGCACCA3' 5'CTCCTTA
ATGTCACGCACGATTTC3') cDNA. The amplification
products (35 cycles each including 95°C, 30's; 59°C, 30's;
72°C, 30 s) were resolved on the 6% polyacrylamide gel.

Statistical analyses

All data are presented as the means of the averaged
replicates + S.E.M. The normal distribution of data was
confirmed using Shapiro-Wilk’s W test. The randomized
block design of the analysis of variance (25) were em-
ployed to assess the significance of differences among
groups. Significant difference was taken for P values less
than 0.05.

RESULTS

Inhibition of PAI-1 expression in endothelial cells by ceri-
vastatin and lovastatin

To examine the in vitro effects of statins on PAI-1 ex-
pression, EA.hy 926 cells were cultured in the presence of
increasing concentrations of CRV or LOV for 24 h and the
modulation of PAI-1 synthesis was evaluated based on
amounts of the PAI-1 antigen released into the medium.
Basal expression of PAI-1 yielded a release 0f 21.0 + 3.4 ng
by 1 x 10° cells, while stimulation of EA.hy 926 with TNF-
a resulted in the increased release of PAI-1 to the medium
that reached 54.7 + 5.4 ng. Figure 1 shows that both CRV
and LOV inhibited the release of PAI-1 from endothelial
cells in monocultures in a concentration-dependent manner.
The significant inhibition of PAI-1 release from EA.hy 926
by CRV and LOV was already marked at low concentra-
tions of 0.1 M (P<0.001) and 20 M (P<0.001), respec-
tively. Interestingly, the extent of inhibition in the case of
CRV was the same, when basal PAI-1 expression and
TNF-« stimulated expression were studied. The inhibitory
efficiency was significantly higher in the case of CRV
when compared to that produced by LOV, particularly for
the TNF-a-stimulated cells (P<0.001) (Fig. 1: A and B).
To study the responsiveness of endothelial cells to statins
at the PAI-1 promoter level, subconfluent EA.hy 926 cells
were transfected with plasmid p800LUC containing PAI-1
promoter fragment corresponding to positions from +71 to
—800. Preliminary comparative functional studies, with
the firefly luciferase gene as a reporter, showed that this
construct exhibited high promoter activity in the transfect-
ed cells that could be inhibited by LOV and CRYV in a dose
dependent manner (Fig. 2). Both statins, strongly inhibited
PAI-1 promoter activity in the nonstimulated EA.hy 926
cells (Fig. 2A), and CRV was again a much stronger inhi-
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Fig. 1. Inhibition of PAI-1 release from EA.hy 926 cells by
lovastatin and cerivastatin. The effect of both lovastatin (Panel A)
and cerivastatin (Panel B) was tested on basal expression of PAI-1
(black bars, open triangles) and upon stimulation with TNF-a (grey
bars, solid circles). Prior to the treatment with statins, cells were
starved in DMEM supplemented with 0.1% FCS for 12 h. Cells were
incubated for 24 h either with lovastatin (10 — 80 M) or cerivastatin
(0.01 =20 M), then media were collected, and PAI-1 antigen
determined by ELISA. Results are expressed as the inhibition of
PAI-1 release (% of control) and represent means = S.E.M. of six
independent experiments. Significances of differences between
concentrations, estimated by the Tukey multiple comparison test,
and significances of linear regression slope were: LOV, for non-
activated cells (basal): frcon = fl10 # fl20 = Lao = Heo # Mso, P<0.0001;
Piope<0.0001; LOV, for TNF-a-activated cells: ficon= tt10= fioo =
Hao = oo # fso, P<0.04; Pqope<0.0001; CRV, for non-activated cells
(basal): Meon F Mo = Ho2# H1 = 2= Lo = Koo, P<0001, Psl(mc<0-0001;
CRV, for TNF-a-activated cells: ficon # flo.1 # flo2 # fl1 = flo = flio #
20, P<0.005; Pyiope<0.0001.

bitor then LOV. When used at 20 #M, it produced a
65 £ 8% reduction in luciferase activity, as compared to
control nontreated cells. This effect was even stronger
when EA.hy 926 cells were stimulated with TNF-«
(Fig. 2B). Under such conditions, CRV used at concentra-
tion of 20 M produced approximately eightfold inhibition
of PAI-1 promoter activity. This very strong inhibitory
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Fig.2. Regulation of the activity of PAI-1 promoter construct in
EA.hy 926 cells by lovastatin and cerivastatin. Semiconfluent cell
cultures were transfected with DNA constructs (plasmid p8§O0LUC
with PAI-1 promoter) using the lipofect AMINE method. Cells were
incubated for 24 h either with cerivastatin (2 #M, 10 uM and 20 M)
or lovastatin (20, 40 and 60 uM), washed, harvested in the lysis
buffer, and centrifuged. Luciferase assays were performed in the
tenfold diluted cell supernatants. The effect of statins on the PAI-1
promoter activity was tested in the nonstimulated cells (panel A) and
after stimulation with TNF-a (panel B). Data are expressed as the
relative changes in control values (basal expression assumed to be
equal 100%). Values represent means = S.E.M. of six independent
experiments. Significances of differences, estimated by the Tukey
multiple comparison test, were P<0.05 or less for all the inter-group
comparisons.

effect of CRV on TNF-a-induced expression of PAI-1 was
also well documented by rt-PCR analysis of actin and
PAI-1 mRNA (Fig.3). Treatment of cells with TNF-«
significantly increased the expression of PAI-1 mRNA but
did not affect the actin mRNA level. CRV reduced the
PAI-1 mRNA in a dose-dependent manner: 1.0 uM CRV
resulted in approximately 50% inhibition of PAI-1 mRNA



Cerivastatin Reduces PAI-1 Promoter Activity 341

actin mRNA s e w— — w— s—

PAI-1 mRNA

CRV[uM] 0 0 01 1 5 10
TNF-oo - + + + + +
Fig.3. Effect of cerivastatin on PAI-1 mRNA synthesis in
EA.hy 926 cells. The cells were preincubated with the increased
concentrations of cerivastatin and treated with 50 ng/ml TNF-«.

Cells not treated with cerivastatin and TNF-a were referred to as
basal expression (control).

synthesis and this deepened with increasing CRV concen-
tration.

Role of MAPK in down-regulation of PAI-1 expression by
cerivastatin

To determine the possible molecular mechanism(s) of
the reduction of PAI-1 expression by the increasing con-
centrations of CRV, we also evaluated the extents of pro-
tein phosphorylation on serine/threonine and tyrosine resi-
dues. In our previous studies, we have shown that protein
phosphorylation of ERK1/2 is involved in the signalling
cascade leading to activation of PAI-1 expression (23).
Therefore, we selected MAPK to check whether its phos-
phorylation is influenced by CRV under the conditions that
we used to analyze PAI-1 expression in EA.hy 926 cells.
Fig. 4 shows a down-regulation of ERK1/2, as well as the
estimates of CRV-induced inhibition in resting and TNF-
a-stimulated EA.hy 926 cells by the increasing statin con-
centrations. The inhibitory effect of CRV on ERK1/2 was
associated with drug concentration and there was almost
complete blocking of phosphorylation of ERK1/2 at the
highest concentration of the inhibitor used. The inhibitory
effect of CRV on ERKI1/2 was associated with drug
concentration: even at low doses, the phosphorylation of
ERK1/2 was significantly inhibited, and this deepened
with the increasing statin concentration (ICsp of 4 — 6 uM).

Effect of isoprenoids on PAI-1 expression

To test whether the inhibitory effects of CRV on PAI-1
expression can be reversed by isoprenylation of cell pro-
teins, we performed a series of experiments to analyze the
effect of the early metabolites formed along the mevalonate
pathway of cholesterol synthesis on the PAI-1 expression
in endothelial cells. Two of these intermediates, FPP and
GGPP, are involved in a posttranslational regulation of
protein function by means of their modification resulting
from the attachment of the isoprenoid residuals to the pro-
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Fig. 4. Down-regulation of ERKI1/2 signalling by cerivastatin.
EA.hy 926 cells were preincubated with different concentrations of
cerivastatin for 30 min prior to 20 min activation with 50 ng/ml
TNF-a, then cells were washed twice with cold PBS, lysed, and
MAPKSs were detected with polyclonal antibodies specific to active
forms of ERK1/2 (panel A). Estimates in panel B are for ERK2
subunit with a stronger response to CRV. Data are expressed as the
relative changes in control values (basal expression assumed to be
equal 100%). Values are means = S.E.M. of six independent experi-
ments. Significances of differences, estimated by the Tukey multiple
comparison test, were: for non-activated cells (basal): zzcrvs # fLcrvao,
P<0.05; for TNF-a-activated cells: ficon # fecrvs # ficrvao, P<0.03 or
less.

tein COOH terminal part. To determine whether the effects
of CRV might be mediated by such a protein isoprenyla-
tion, the inhibitory effect of CRV (1 M) on PAI-1 expres-
sion in endothelial cells was monitored in the absence or
presence of either FPP (15 #M) or GGPP (15 uM). When
acting alone, neither FPP nor GGPP noticeably modify
PAI-1 expression (not shown). In the presence of CRV,
GGPP reversed the statin-mediated reduction of PAI-1
expression, suggesting that geranylgeranylation is involved
in the regulation of PAI-1 expression. Otherwise, FPP did
not affect the inhibition of PAI-1 synthesis and release,
indicating that modulation of farnesylated proteins is not
associated with the regulation of PAI-1 expression in endo-
thelial cells. These effects were particularly marked for
basal PAI-1 expression in endothelial cells not stimulated
with TNF-a. Although the tendencies that occurred upon
the stimulation with TNF-a were very much alike, the
differences remained below statistical significance (Fig. 5).
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Fig. 5. Isoprenylation of cell proteins and PAI-1 expression.
EA.hy 926 cells were incubated with 1 uM cerivastatin in the
presence or absence of either farnesyl pyrophosphate (FPP, 15 #M)
or geranylgeranyl pyrophosphate (GGPP, 15 uM). PAI-1 antigen
released to the experimental medium was determined by ELISA.
Data are expressed as the relative changes in control values (basal
expression assumed to be equal 100%). Values are the mean = S.E.M.
of three independent experiments. Significances of differences,
estimated by the Tukey multiple comparison test, were: for non-
activated cells (basal): frcon # Licrv, ficrvicarp, P<0.04 or less; ticry #
Hervicorp, P<0.00015  gicrvseee # Hervicarrs P<0.001; for TNF-a-
activated cells: fcon # fLcrv, P<0.05.

DISCUSSION

Inhibitors of HMG-CoA reductase have been recently
shown to prevent atherosclerosis progression (26, 27) and
cardiovascular disease (28, 29). Clinical benefits of the
inhibitor administration are believed to result from multiple
effects on the components of the atherosclerotic lesions,
including their marked influence on the endothelial fibrin-
olytic system (20). LOV and very occasionally also other
statins have been reported to modulate the balance between
t-PA and PAI-1 by inducing t-PA synthesis and/or decreas-
ing PAI-1 synthesis in endothelial cells (20, 30, 31). In the
present study, we confirmed that LOV appears as a pro-
fibrinolytic agent in endothelial cells, and so does CRV,
however, with much enhanced efficacy. Furthermore, we
demonstrated that the mechanism(s) by which statins inhi-
bit PAI-1 synthesis in endothelial cells is rather complex
and can be monitored also at the level of PAI-1 promoter.
It is believed that the antiatherosclerotic effects of statins
may be achieved not only by modifying hypercholester-
olemia (2, 3) but also the whole arterial wall environment
(29, 32—-34). Once used in clinical practice, CRV was
distinguished by its high pharmacological potency and the
concurring high liver selectivity, which enabled the admin-
istration of the drug at 1 — 5% of the dose of other currently
available HMG-CoA reductase inhibitors (35). The benefi-
cial effects of CRV on fibrinolytic balance, albeit easily

predicted per analogiam to other clinically used statins,
have only very sporadically been reported (31).

In this study, we show that effects of statins on fibrin-
olytic balance may be a more universal phenomenon, since
we provide unambiguous evidence that CRV was a highly
efficient modulator of PAI-1 synthesis and release from
monocultured Ea.hy 926 endothelial cells. On the other
hand, however, our findings on the model endothelial cell
line should be interpreted with caution and cannot be
directly extrapolated to all endothelial cells. In our study,
we showed that CRV was much more potent and suppres-
sive for PAI-1 synthesis and release compared to statins
of the older generation, like LOV. The suppressive effects
of CRV on PAI-1 expression occurred already at doses
relevant to those achieved in a course of pharmacological
treatment in clinical practice. In both nonstimulated and
TNF-a stimulated endothelial cells, CRV appeared up to
80-fold more potent in the inhibition of PAI-1 release than
LOV. Furthermore, we evidenced that such an inhibition of
PAI-1 synthesis and release was through the modulation of
PAI-1 promoter activity, since mRNA expression in endo-
thelial cells transfected with PAI-1 promoter construct was
markedly suppressed in the presence of CRV and, to much
lower extent, also in the presence of LOV. In addition to
that, CRV also markedly inhibited protein phosphorylation
on tyrosine, serine and threonine residues, which supports
our further reasoning on the crucial role of the MAPK
cascade in the CRV-induced suppression of PAI-1 synthe-
sis and/or release in endothelial cells.

Previous occasional studies clearly showed that HMG-
CoA reductase inhibitors were able to modulate the plas-
minogen-plasmin pathway and pointed to the principal role
of the process of geranylgeranylation of Rho protein(s) in
modulating of PAI-1 activity (20). It has been shown for
instance that the effect of LOV was associated with a dis-
ruption of intracellular actin fibers, the effect reversed
by GGPP, and reproduced by C3 exoenzyme (an inhibitor
of the geranylgeranylated-activated Rho protein), and that
such a disruption modified fibrinolytic potential most likely
via an inhibition of geranylgeranylated Rho protein and a
disruption of the cytoskeleton. The role of Rho protein, a
possible target for statins, acquires even more importance
in the light of the finding that Rho GTPase negatively
regulated endothelial nitric oxide synthase mRNA stability
(10, 36). Hence, as far as HMG-CoA reductase inhibitors
have been shown to block Rho geranylgeranylation, which
is necessary for its membrane-associated activity, it seems
reasonably certain that these drugs may be also able to
up-regulate eNOS expression, and thus have an impact on
a fibrinolytic balance (37 —41).

Although we did not directly evidence that CRV pro-
motes disruption of cytoskeleton components crucial for
MAPK signalling, our results may favor the hypothesis
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that CRV attenuates signal transduction, finally leading to
the alterations in gene transcription. One might speculate
on the putative molecular mechanism(s) of CRV action. It
seems possible that CRV, per analogiam to other statins,
might impair triggering of cellular signal transduction,
possibly due to modulation of lipid-protein interactions,
and the resultant impairments in the anchoring of some
crucial signal proteins in a lipid bilayer of cellular mem-
brane.
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