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Inhibition of farnesyl pyrophosphate synthase attenuates
angiotensin II-induced fibrotic responses
in vascular smooth muscle cells
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Abstract. Through the regulation of the RhoA/Rho kinase
(ROCK) pathway, angiotensin II (Ang II)-induced fibrotic
responses contribute to vascular remodeling. Farnesyl pyrophos-
phate synthase (FPPS) plays an important role in cardiovascular
remodeling through the modulation of the above-mentioned
pathway. However, the role of FPPS in Ang II-induced fibrotic
responses and the related molecular mechanisms have not yet
been elucidated. In the present study, vascular smooth muscle
cells (VSMCs) from Sprague-Dawley (SD) rats were stimulated
with Ang II. Cell proliferation was measusred usin the cell
counting kit-8 (CCK-8). The levels of connective tissue growth
factor (CTGF), FPPS, and those of phosphorylated and total
extracellular signal-regulated kinase (ERK)1/2, p38 and c-Jun
N-terminal kinase (JNK) were determined by western blot
analysis. RhoA activity was determined using a pull-down assay.
The results revealed that stimulation with Ang II enhanced cell
proliferation, and increased the protein expression levels of
FPPS and CTGF in the VSMCs. The inhibition of FPPS with
ibandronate sodium attenuated the Ang II-induced increase in
cell proliferation, CTGF expresison and RhoA activity; these
effects were partially reversed by treatment with geranylgera-
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niol and were mimicked by GGTI-286. Furthermore, both
SB203580 (a specific inhibitor of p38) and SP600125 (JNK1,
JNK2 and JNK3 inhibitor) diminished the Ang II-induced
production of CTGF; however, the inhibition of FPPS reduced
the Ang II-induced activation of p38 mitogen-activated protein
kinase (MAPK) and JNK. In conclusion, our data indicate that
FPPS may play an important role in Ang II-induced fibrotic
responses in VSMCs, and the underlying mechanisms at least
partly involve the modulation of RhoA activity, and the p38 and
JNK pathways.

Introduction

Vascular remodeling, characterized by endothelial dysfunction,
vascular smooth muscle cell (VSMC) proliferation and by the
excessive accumulation of extracellular matrix (ECM), plays
an important role in the development of various cardiovascular
diseases, including hypertension, atherosclerosis and restenosis
following balloon injury (1,2). Angiotensin II (Ang II), the main
effector peptide of the renin-angiotensin system, plays a critical
role in the development of vascular remodeling. Ang II-induced
VSMC proliferation increaseS the production of profibrotic
factors, such as connective tissue growth factor (CTGF) (3).
CTGF has been demonstrated as a strong profibrogenic factor
in vascular remodeling through the regulation of VSMC prolif-
eration and migration (4). In addition, CTGF has been shown
to be overexpressed in human atherosclerotic lesions (5) and
in the aorta of of Ang II-infused rats and cultured VSMCs (6).

The molecular mechanisms involved in Ang II-induced
vascular remodeling, include the activation of several intra-
cellular signaling systems, such as mitogen-activated protein
kinases (MAPKs), redox processes and RhoA/Rho kinase
(ROCK) (7). Accumulating evidence has demonstrated that
Rho/ROCK are critically involved in Ang II-induced vascular
remodeling (8,9). Thus, the activation of Rho/ROCK represents
one of the key signal transduction pathways that mediate the
pathophysiological functions of Ang II. Howerver, the molec-
ular mechanisms through which Ang II activates the Rho/
ROCK pathway have not yet been fully elucidated.

Farnesyl pyrophosphate synthase (FPPS) plays an impor-
tant role in the mevalonate pathway. It catalyzes isopentenyl
pyrophosphate and dimethylallyl pyrophosphate to form
geranylgeranyl pyrophosphate (GGPP) and farnesyl pyrophos-
phate (FPP), and regulates the small GTPase-binding proteins,
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including Ras and Rho which have been implicated in the
pathogenesis of various cardiovascular diseases (10). Recent
studies have indicated that FPPS participates in the pathogen-
esis of cardiovascular remodeling through the modulation of the
RhoA/ROCK and MAPK pathways (11-15). In a recent previous
study of ours, we demonstrated that the inhibition of FPPS
prevented norepinephrine (NE)-induced fibrotic responses in
VSMCs obtained from spontaneously hypertensive rats (SHRs)
and that the underlying mechanisms involved the Ras kinase and
p38 pathways (16). However, the role of FPPS in Ang II-induced
fibrotic responses and the related molecular mechanisms have
not yet been elucicated. Thus, the aim of the present study
was to investigate the molecular mechanisms involved in the
Ang Il-induced production of CTGF in the VSMCs associated
with vascular remodeling. We wished to examine the hypoth-
esis that FPPS may be a potent regulator of the Ang II-RhoA/
Rho-kinase (ROCK) pathway and CTGF functions.

Materials and methods

Materials. Ang 11, ibandronte sodium (Iban), FTI-276 (a selec-
tive inhibitor of farnesyltransferase), GGTI-286 [a selective
inhibitor of geranylgeranyl transferase-1 (GGTase I)], farnesol
(FOH), geranylgeraniol (GGOH), p38 MAPK inhibitor
(SB203580), extracellular signal-regulated kinase (ERK)1/2
inhibitor (PD98059) and c-Jun N-terminal kinase (JNK)
inhibitor (SP600125) were purchased from Sigma (St. Louis,
MO, USA). Dulbecco's modified Eagle's medium (DMEM),
penicillin-streptomycin and fetal bovine serum (FBS) and all
other cell culture reagents were purchased from Gibco (Life
Technologies, Carlsbad, CA, USA). Unless otherwise stated, the
remaining agents used for cell treatment were prepared in sterile
saline and diluted to a working concentration in DMEM. Rabbit
anti-CTGF polyclonal antibody (ab6992) and rabbit anti-FPPS
polyclonal antibody (ab153805) were obtained from Abcam
(Cambridge, UK). MAPK antibodies, including phosphorylated
ERK1/2 (p-ERK1/2; 4370), ERK1/2 (4695), phosphorylated p38
(p-p38; 4511) and p38 (8690) were obtained from Cell Signaling
Technology (Danvers, MA, USA). Phosphorylated JNK1/2/3
(p-JNK1/2/3; 3893-1) and JNK1 (3496-1) antibodies were
obtained from Epitomics (Burlingame, CA, USA). The RhoA
activation assay kit was purchased from Cytoskeleton, Inc.
(Denver, CO, USA). Enhanced chemiluminescence (ECL)
reagent was from Amersham International (Bucks, UK).

Specific pathogen-free male Sprague-Dawley (SD) rats,
4-6 weeks of age, were obtained from the Experimental Animal
Center, Zhejiang Academy of Sciences (Hangzhou, China).
All procedures were performed in accordance with the revised
1996 National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (NIH Publication no. 85-23) and
the Animal Care Committee of Zhejiang Hospital, Zhejiang,
China.

VSMC culture and treatment. Primary cultures of VSMCs
were isolated from the thoracic aortas of SD rats as previously
described using the collagenase method (6,16). The cells were
incubated in a humidified incubator at 37°C and 5% CO,.
Cells between passages 3 and 5 were used in all the experi-
ments. Cell quiescence was established by first transferring
the cells to 9-well culture plates at 80% confluence followed
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by maintenance in quiescence medium consisting of DMEM
with 0.1% FBS for 48 h. The quiescent cells were treated in the
presence or absence of Ang Il at 0.1 uM for 24 h as previously
described (6,7). In some experiments, the cells were pre-
incubated for 2 h with Iban 10 xM, Iban plus GGOH (30 uM),
Iban plus FOH (30 uM), GGTI-286 (a selective inhibitor of
GGTase I, 10 uM) or FTI-276 (a selective inhibitor of farnesyl-
transferase, 10 uM). Furthermore, in some other experiments,
in order to inhibit the MAPK pathway, PD98059 (an ERK1/2
inhibitor, 50 M), SB203580 (a p38 MAPK inhibitor, 10 xM)
and SP600125 (a JNK1/2/3 inhibitor, 10 uM) were added to
the cells 2 h prior to stimulation with Ang II. All the agents
mentioned above were maintained in quiescence medium.

Cell proliferation assay. VSMC proliferation was measured
using a by cell counting kit (CCK-8) (Dojindo Laboratories,
Tokyo, Japan) as previously described (16) and according to the
manufacturer's instructions.

The VSMCs were transferred to a 96-well plate at a density
of 1x10*cells/well. After 24 h of treatment, 10 u1 CCK-8 solu-
tion were added to each well followed by incubation at 37°C for
an additional 2 h. The absorbance of each well at a wavelength
of 450 nm was then measured using the Bio-Rad 680 micro-
plate reader (Bio-Rad, Hercules, CA, USA). Cell proliferation
was expressed as the optical density.

Western blot analysis. Cellular protein was isolated by homog-
enization with cell lysis buffer. The protein concentration was
then determined using the BCA method. Equal amounts of
protein were denatured and subjected to 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). The
membranes were incubated with primary antibodies (against
CTGEF, FPPS, and phosphorylated and total ERK1/2, p38 and
JNK) overnight at 4°C. Following incubation with secondary
antibodies (HRP-labeled goat anti-rabbit: Cat. no. GAR007;
MultiSciences Biotech Co., Ltd, Hangzhou, China) for 1 h at
room temperature and washing with TBST, the proteins were
detected using an ECL Plus system (Amersham Bioscience,
Piscataway, NJ, USA). To ensure equal protein loading,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control. The results of CTGF production
were obtained from densitometric analysis and expressed as
the ratio CTGF/GAPDH as n-fold over the control.

RhoA activation assay. RhoA activity was determined using
a pull-down assay according to the manufacturer's instruc-
tions. In brief, a BCA protein assay was performed to equalize
the total protein concentration. RBD-bound Rho from the
cell lysates was ‘pulled down’ using agarose-conjugated
Rhotekin-RBD and detected by western blot analysis using
specific anti-RhoA antibody [Cat. no. ARHO3, contained in
the Rho Activation assay kit (BK036)]. A total of 20 ug of total
cell lysate per sample was used to detect the total amount of
RhoA expression. In addition, GAPDH protein was used as an
endogenous control.

Statistical analysis. The results are presented as the
means = SEM and expressed as the n-fold increase over the
controls. One-way analysis of variance (ANOVA) followed by
the Bonferroni post hoc test were used to determine significant
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Figure 1. Protein expression of farnesyl pyrophosphate synthase (FPPS) in vas-
cular smooth muscle cells (VSMCs) from SD rats before and after stimulation
with angiotensin II (Ang II) . Quiescent VSMCs were incubated with Ang IT
0.1 uM for 24 h. The protein levels of FPPS were determined by western blot
analysis. The ratio of FPPS protein is set to ‘1’ for the control group. Data are
expressed as the means + SEM (n=5). "P<0.05 vs. the control group.
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Figure 2. Ibandronate decreases vascular smooth muscle cell (VSMC) pro-
liferation. Cell proliferation is expressed as the optical density which was
determined using the cell counting kit-8 (CCK-8). Data are expressed as the
means + SEM (n=5). "P<0.05 vs. the control group; “P<0.05 vs. treatment with
angiotensin II (Ang II),

differences among multiple groups. The results were consid-
ered statistically significant at a value of P<0.05.

Results

Effects of Ang Il on FPPS expression in cultured VSMCs. In the
growth-arrested VSMCs, incubation with Ang IT (0.1 xM) for
24 h increased the protein expression of FPPS (P<0.05; Fig. 1).

Inhibition of FPPS decreases the fibrotic responses elicited
by Ang II in cultured VSMCs. To investigate the potential
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Figure 3. Ibandronate sodium (Iban) decreases connective tissue growth factor
(CTGF) protein expression. The ant-fibrotic effects of Iban may be mediated
through the inhibition of geranylgeranylated proteins. Quiescent vascular
smooth muscle cells (VSMCs) were pre-incubated with Iban (10 pM), GGTI-
286 (a selective inhibitor of geranylgeranyl transferase-I; 10 M) or FTI-276
(a selective inhibitor of farnesyltransferase; 10 #M) for 2 h and then incubated
with or without angiotensin II (Ang II) 0.1 M for 24 h. Some cells were also
incubated with geranylgeraniol (GGOH; 30 M) or farnesol (FOH; 30 uM) 2 h
prior to the addition of the Iban. The results of the analysis of total connective
tissue growth factor (CTGF) production were obtained frombydensitometric
analysis and expressed as the ratio CTGF/glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as n-fold over the control. Top panel shows a
representative western blot and bottom panel shows the data of total CTGF
production, presented as the means + SEM of 3 independent experiments. The
ratio of CTGF is set to ‘1" for the control group. "P<0.05 vs. control; “P<0.05
vs. treatment with Ang II; *P<0.05 vs. treatment with Ang IT + Iban.

role of FPPS in the fibrotic responses elicited by Ang II, Iban,
an FPPS inhibitor, was tested using the Ang II-stimulated
VSMC:s. Pre-incubation with 10 M Iban for 2 h reduced the
Ang II-induced increase in cell proliferation and CTGF protein
expression (Figs. 2 and 3). The addition of GGOH, but not that of
FOH, partly reversed the inhibitory effects of Iban on the expres-
sion of CTGF (Fig. 3). In addition, pre-treatment with GGTI-286,
but not with FTI-276, substantially reduced the Ang II-induced
incraase in the expression of CTGF (Fig. 3). These results suggest
that Rho signaling is involved in this process.

Inhibition of FPPS modulates the Ang Il-induced RhoA acti-
vation in cultured VSMCs. Stimulation with 0.1 yM Ang II
for 15 min increased the GTP-bound RhoA levels, as shown
by pull-down assays (Fig. 4), which is in accordance with the
findings of a previous study (7). We then wished to determine
whether Iban inhibits the activation of RhoA induced by
Ang II. Pre-treatment with 10 M Iban for 24 h diminished
the Ang II-induced activation of RhoA, as shown by pull-down
assays (Fig. 4). These data demonstrate that Iban inhibits RhoA
activation induced by Ang II.

Inhibition of FPPS modulates the Ang Il-induced MAPK acti-
vation in cultured VSMCs. Treatment with Ang II 0.1 uM for
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Figure 4. Ibandronate sodium (Iban) diminishes RhoA activation in angio-
tensin II (Ang II)-stimulated vascular smooth muscle cells (VSMCs). Cells
were pre-treated for 24 h with Iban 10 yM and then stimulated with Ang II
0.1 uM for 30 min. RhoA activity was determined by pull-down assays.
Top panel shows a representative western blot and bottom panel shows data,
presented as the means = SEM of 3 independent experiments. As a loading
control, total RhoA and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
expression levels were evaluated in the total cell lysates. The ratio of active
RhoA is set to ‘1 for the control group. “P<0.01 vs. control; “P<0.05 vs. treat-
ment with Ang II.

15 min triggered the phosphorylation of p38, JNK and ERK1/2
in the VSMCs, which is in accordance with the findings of a
previous study (7). To investigate whether the activation of all
3 MAPKSs is involved in the molecular mechanisms underlying
the ability of Iban to suppress the Ang II-induced increase in
the expression of CTGF, the VSMCs were treated with specific
inhibitors of MAPKs (SB203580 for p38, PD98059 for ERK1/2
and SP600125 for JNK) pior to stimulation with Ang II. Both the
p38 inhibitor and JNK inhibitor diminished the Ang II-induced
production of CTGF (Fig. 5). Furthermore, pre-incubation with
Iban inhibited the Ang II-induced activation of p38 and JNK,
but not that of ERK1/2 (Fig. 6), suggesting that the activation
of p38 and JNK is involved in the downregulation of CTGF by
Iban. These data indicate that the inhibition of FPPS modulates
the Ang II-induced production of CTGF through the regulation
of the p38 MAPK and JNK pathways in cultured VSMCs.

Discussion

In the present study, we demonstrated that FPPS expression is
induced by Ang II in cultured VSMCs from SD rats. Iban, an
FPPS inhibitor, inhibited the Ang II-induced cell proliferation
and the production of CTGF in the cultured VSMCs. The under-
lying mechanisms involved the inhibition of RhoA signaling
and the modulation of the p38 MAPK and JNK pathways.
Through the inhibition of osteoclastic activity and bone
resorption, nitrogen-containing bisphosphonates (N-BPs)
including alendronate, Iban and zoledronate are commonly
used for the treatment of bone-related diseases in clinical
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Figure 5. Inhibition of p38 mitogen-activated protein kinase (MAPK) and
c-Jun N-terminal kinase (JNK) diminishes the angiotensin II (Ang II)-induced
production of connective tissue growth factor (CTGF) in vascular smooth
muscle cells (VSMCs). VSMCs were incubated for 2 h with 10 xM Iban
[farnesyl pyrophosphate synthase (FPPS) inhibitor], 10 xM SB203580 (p38
inhibitor), 50 M PD98059 [extracellular signal-regulated kinase (ERK)-1/2
inhibitor] or 10 xM SP600125 (JNK inhibitor) prior to stimulation with 0.1 M
Ang II for 24 h. Top panel shows a representative western blot and bottom panel
shows data, presented as the means + SEM of 3 independent experiments. The
ratio of CTGF is set to ‘1’ for control group. "P<0.05 vs. control; “P<0.05 vs.
treatment with Ang II.

practice (17,18). However, extensive research has focused on
their potential effects on cardiovascular diseases. Due to their
inhibitory effects on the mevalonate pathway and particularly
FPPS, they now act as a tool used to investigate the role of
FPPS in various diseases (19,20). FPPS has been implicated in
the development of various cardiovascular diseases, including
myocardial and vascular remodeling and endothelial dysfunc-
tion in SHRs (12-16). The inhibition of FPPS by alendronate
or its knockdown by RNA interference has been shown to
prevent cardiac hypertrophy and fibrosis both in vivo and
in vitro (12-14). Moreover, the cardiac-specific overexpression
of FPPS has been shown to induce cardiac hypertrophy and
heart failure in mice (15). In addition, in a recent study of
ours, we demonstrated that the inhibition of FPPS prevented
NE-induced fibrotic responses, including cell proliferation,
the hydroxyproline content and CTGF protein expression in
SHR-VSMC:s (16), indicating that FPPS may function as a
potent regulator of vascular remodeling.

The exaggerated VSMC activities and excessive ECM
protein accumulation induced by Ang II are thought to be key
to the devolepment of vascular remodeling (3-9). A number of
pharmacological agents, such as anti-thrombotics, antiplatelet
agents, angiotensin-converting enzyme inhibitors, as well
as mechanical and cellular approaches have been used in an
attempt to attenuate this pathophysiological process (21,22). A
growing numbers of studies in the literature have demonstrated
that bisphosphonates may play an important role in inhibiting
the development of atherosclerosis and neointimal hyperplasia
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Figure 6. Ibandronate sodium (Iban) diminishes mitogen-activated protein kinase (MAPK) activation in angiotensin II (Ang II)-stimulated vascular smooth
muscle cells (VSMCs). Cells were pre-treated for 24 h with Iban (10 M), and then stimulated with 0.1 uM Ang II for 15 min. Left panel shows a represen-
tative western blot of phosphorylated p38 (p-p38), phosphorylated extracellular signal-regulated kinase (p-ERK1/2) and phosphorylated c-Jun N-terminal
kinase (JNK) (p-JNK1/2/3) and p38, ERK and JNK (used as controls). Right panel shows data, presented as the means + SEM of 3 experiments. The ratio of
p-ERK1/20r p-p38 or p-JNK1/2/3 is set to ‘1” for control group. "P<0.05 and “P<0.01 vs. control; “P<0.05 vs. treatment with Ang II.

in animal models. These effects are thought to be mediated by
the transient systemic inactivation of monocytes and macro-
phages (23,24). However, in a balloon-injured rat carotid artery
model, both the systemic and local delivery of zoledronate
was shown to prevent intimal hyperplasia (25). Additionly, in a
rabbit carotid anastomosis model, zoledronic acid (ZA), a third
generation of N-BPs, was demonstrated to inhibit neointimal
hyperplasia and decrease VSMC intensity, suggesting that it
may have a direct inhibitory effect on VSMCs (26). Indeed,
etidronate, another bisphosphonate, has been reported to exert
an inhibitory effect on the growth of VSMCs from SHRs (27).
Similarly, in cultured rat VSMCs, ZA has also been reported
to inhibit the proliferation, adhesion and migration of VSMCs
without the induction of necrosis or apoptosis (28). Recently,
ZA was reported to inhibit the growth of stimulated human
arotic smooth muscle cells, as well as their proliferation adhe-
sion and migration, but had no effect on quiescent cells. The
addition of GGOH significantly reversed the ZA-mediated
alteration in cellular viability and RAP1A/B prenylation,
suggesting that ZA modulates the mevalonate pathway and
inhibits the prenylation of GTPase binding proteins (29). Taken
together, the above data point out that BPs or N-BPs may play
an important role in vascular remodeling by modulating cell
signaling, including the prenylation of small signaling proteins
(e.g., Ras, Rac, Rab and Rho) through the mevalonate pathway.
However, the underlying mechanisms through which BPs or
N-BPs inhibit VSMC activity and prevent intimal hyperplasia
in animal models induced by FPPS were not elucidated in the
above-mentioned studies.

In our previous study, we reported that Iban inhibited
NE-induced fibrotic responses in SHR-VSMCs through the
modulation of the Ras kinase and p38 pathways (16). In the
present study, we further demonstrated that Iban also inhibits
fibrotic responses in VSMCs induced by Ang II. As shown
in Fig. 1 and in our previous study (16), Iban alone did not
influence cell proliferation and CTGF expression in quiescent

VSMCs, but markedly reduced the Ang II-induced increase
in cell proliferation and CTGF expression (Figs. 2 and 3).
Besides, Ang II upregulated FPPS in the cultured VSMCs. To
determine whether the anti-fibrotic effects of Iban depend on
the modulation of FPPS, analogues or antagonists of the meva-
lonate pathway were used in this study. The results revealed
that addition of GGOH, but not that of FOH, partly reversed
the anti-fibrotic effects of Iban (Fig. 3). In addition, GGTI-286,
a specific inhibitor of GGTase I, but not FTI-276 (a selective
inhibitor of farnesyltransferase), mimicked the anti-fibrotic
effects of Iban (Fig. 3). Since RhoA is a geranylgeranylated
protein (30), our results suggest that RhoA signaling is involved
in this process.

In a previous study, it was clearly demonstrated that pre-
treatment with RhoA and ROCK inhibitors diminished the
Ang II-induced overexpression of CTGF, indicating that
Ang II increases the production of CTGF in VSMCs through
the RhoA/ROCK pathway (7). In the present study, the inhibi-
tion of FPPS with Iban diminished the Ang II-induced RhoA
activation in cultured VSMCs, suggesting that FPPS may be
involved in the modulation of Ang II-induced CTGF produc-
tion through the RhoA/ROCK pathway. This is consistent with
the results of other studies on the effects of in vivo and in vitro
alendronate treatment with hypertrophic response induced by
Ang II in cultured neonatal ventricular myocytes and animal
models (12,13). However, the levels of isoprenoid intermediates,
such as FOH or GGOH were not measured after the suppres-
sion of FPPS. The knockdown of FPPS by RNA interference in
VSMCs is another critical issue to be confirmed in view of the
role of FPPS in Ang [I-mediated vascular remodeling. Besides,
the in vivo effect of the vascular-specific interference of FPPS
in vascular remodeling needs to be validated in animal models.
These limitations require further investigation.

It is well known that MAPKSs are a widely distributed
group of enzymes. The consisting of 3 isoforms (ERK, p38 and
JNK) and play an important role in Ang II-mediated vascular
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remodeling (7,8,31). To determine whether Iban modulates
the Ang Il-induced overexpression of CTGF by altering the
activity of the MAPK pathway, VSMCs were pre-treated with
the specific inhibitor of the MAPK pathway prior to stimulation
with Ang II. As shown in Fig. 5, both the JNK and p38 MAPK
inhibitor diminished the Ang II-induced production of CTGF.
This is consistent with the findings of a pregvious study on the
effects of HMG-CoA reductase inhibitors (statins) on the modu-
lation of Ang II-mediated vascular responses (7). Furthermore,
as previously described (7) and shown in Fig. 6 in the present
study, treatment with Ang II triggered the phosphorylation
of all 3 MAPKSs. However, only the phosphorylation of INK
and p38 was diminished by treatment with Iban. These data
indicate that JNK and p38 MAPK may be involved in the
Iban-mediated inhibition of CTGF overexpression induced by
Ang IT in VSMCs.

In conclusion, in this study, we provide evidence that FPPS
expression is elevated in Ang II-stimulated VSMCs. The ihibi-
bition of FPPS by Iban attenuates the Ang II-induced increase
in cell proliferation and CTGF expression in VSMCs, and the
underlying mechanisms, at least in part, involve the modulation
of RhoA activity, and the p38 and JNK pathways.
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