1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access

"EQEJ Author Manuscript

Rrens®

Published in final edited form as:
J Surg Res. 2013 May 1; 181(1): 32-40. doi:10.1016/j.jss.2012.04.038.

Gaq G PROTEINS MODULATE MMP-9 GELATINASE DURING 1
REMODELING OF THE MURINE FEMORAL ARTERY

Yiping Zou, M.D., Yuyang Fu, M.D., Ph.D., and Mark G. Davies, M.D., Ph.D., M.B.A.
Vascular Biology and Therapeutics Program, The Methodist Hospital Research Institute

Department of Cardiovascular Surgery, Methodist DeBakey Heart & Vascular Center, The
Methodist Hospital, Houston, Texas

Abstract

Background—Vessels heal after injury and G protein-coupled receptors are involved in the
vascular smooth muscle cell (VSMC) proliferation required to form intimal hyperplasia. We have
previously identified the role of Ga.q in VSMC proliferation in vitro. This study now examines the
role of Gaq in the developing intimal hyperplasia in a murine model and the impact of disruption
of Gaq signaling on intimal hyperplasia development.

Methods—The murine femoral wire injury model was employed in which a micro wire is passed
through a branch of the femoral artery and used to denude the common femoral artery. Specimens
were perfusion-fixed and sections were stained with H&E and Movat’s stains such that
morphometric analysis could be performed using an Image-Pro system. Additional specimens of
femoral artery were also harvested and snap frozen for western blotting or zymography to allow
for the study of G protein expression and both protease expression and activity. Contralateral
vessels were used as controls. Additional vessels were immersed in pluronic gel containing the
chemical Gaq G protein inhibitors GP-2A, siRNA to Gaq or advenovirus containing mutant
inactive Gaq.

Results—Gaq expression increased in a time-dependent manner after femoral artery injury.
Sham operated on vessels did not produce such a response. Inhibition of Gaq reduced cell
proliferation without affecting cell migration. Interruption of Gaq signaling also inhibited the
development of intimal hyperplasia. Inhibition of Ga.q did not alter peak uPA activity and
expression but did increase early PAI-1 activity and expression. Inhibition of Ga.g reduced peak
MMP-9 activity at day 3 but did not influence peak MMP-2 activity at day 7. Protein expression
for MMP-9 was also decreased but that of MMP-2 was not affected. There were no changes in the
expression or the activity of the respective inhibitors for MMP-9 and MMP-2, TIMP-1 and
TIMP-2.

Conclusions—These data demonstrate that femoral wire injury in the mouse is associated with a
time-dependent increase in Ga.g expression. Inhibition of Gaq alters cell proliferation and is
associated with decreased MMP-9 expression and activity.
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INTRODUCTION

Cell signaling of the vascular smooth muscle cells (VSMC) within the vessel wall is
necessary for remodeling during atherogenesis in response to flow and after injury (1). G
protein-coupled receptors and receptor-linked tyrosine kinases are the major classes of
membrane transduction molecules in vascular smooth muscle cells that participate in
transmembrane signaling. G proteins are heterotrimeric proteins consisting of Ga., Gp and
Gy proteins. Each component protein is a family of proteins. The Ga family in VSMC
consists of the Gai, Gagq and Gas proteins. G protein-coupled receptors are involved in cell
proliferation and migration, which are key elements in remodeling. However, the role of
individual G proteins in the mechanisms involved in the development of arterial intimal
hyperplasia has not been fully defined. We have previously reported the expression patterns
of G proteins in rabbit vein grafts and rat arterial balloon angioplasty models (2-7).
Interference with GB+y inhibited intimal hyperplasia in both models and inhibition of Gai
proteins inhibited intimal hyperplasia in the rat model.

The role of Gaq in vessel remodeling is not known. Gaq participates in angiotensin
signaling, which is an important cell-signaling cascade in VSMC that leads to cell
proliferation and cell hypertrophy. We previously demonstrated that inhibition of Gaq
decreases PLC-B and ERK 1/2 phosphorylation, leading to decreases in VSMC proliferation
in vitro. The aim of this study is to characterize the role of the G protein Gaq in the
developing intimal hyperplasia in a murine model and the consequences of disruption of this
signaling molecule.

MATERIALS AND METHODS

Experimental Design

The murine femoral wire injury model was employed in which a micro wire is passed
through a branch of the femoral artery and used to denude the common femoral artery (8, 9).
Specimens were perfusion-fixed and sections were stained with Hematoxylin/Eosin (H&E)
and Movat’s stains such that morphometry could be performed using an Image-Pro system
(Media Cybernetics, Inc., Bethesda, MD). Further specimens of femoral artery were also
harvested and snap frozen for western blotting to allow for the study of G protein
expression. Contralateral vessels were used as controls. Additional vessels were immersed in
pluronic gel with a Ga.q chemical inhibitor GP-2A, siRNA to Gaq or an adenovirus
containing a dominant negative Ga.g. Empty vector or scrambled siRNA served as controls.
Animal care and procedures were conducted at the University of Rochester Medical Center
in accordance with state and federal laws and under protocols approved by the University of
Rochester Animal Care and Use Committee. Animal care complied with the “Guide for the
Care and Use of Laboratory Animals” issued by the Institute of Laboratory Animal
Resources.

Femoral wire injury

Endoluminal injury to the common femoral artery of C57BL/6 mice was produced by 3
passages of a 0.25-mm-diameter angioplasty guidewire (Advanced Cardiovascular Systems,
Santa Clara, CA) as previously described. Control sham-operated arteries underwent
dissection, temporary clamping, arteriotomy, and ligature, without passage of the wire. Non-
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operated normal femoral arteries were used as additional controls. Based on the data derived
from the control experiments, additional vessels were immersed in pluronic gel containing
the adenovirus with GBvy inhibitor BARKcT as previously described (2-9). The vessels were
harvested for either western blotting to detect G protein expression or final morphometry.
Pluronic gel (1 mL of 30% F127 Pluronic gel; Sigma, St. Louis, MO) was applied to the
external surface of the femoral artery at the end of the procedure as previously described (8,
10, 11). The pluronic gel remains in a liquid form at 4°C and ra pidly forms a gel on
exposure to body temperature. It is dissipated within 4 hrs.

Adenoviral Infection

Adenoviral vectors were constructed by Welgen, Inc. (Worcester, MA) using purified
plasmid encoding inactive Ga.q obtained from Guthrie cDNA Resource Center (Missouri
University of Science and Technology, Rolla, MO). Empty vector served as control. We
have previously shown that we can obtain satisfactory transfection (~30% cells) of arterial
tissue using adenoviral transfection of vector expressing p-galactosidase (12). The -
galactosidase staining lasts under 3 days and is evident throughout the vessel, with a relative
gradient that is maximal with the adventitia and extends into the media. Both VSMC and
fibroblasts stain with the vector.

siRNA Transfection

Pre-designed HPLC-purified siRNA for gene knockdown for Ga.q expression was procured
commercially. Scrambled siRNA served as a control. Prior to in vivo use we confirmed that
the siRNA against Gaq produced a concentration-dependent decrease in protein expression
that was specific for the protein targeted without altering the expression of the other
proteins.

Morphometry

Following perfusion fixation, each vessel was bisected and central segments from each of
these halves were embedded in paraffin and cross sections were cut (10 sections, 100 um
apart). Standard morphometric measurements were performed on histological cross sections
stained with H&E and Movat’s stains using a SPOT camera system (SPOT Imaging
Solutions, Sterling Heights, MI). The luminal, intimal and medial areas of each vessel were
determined using an Image-Pro system. Following determination of the dimensions of each
vessel, a ratio of the intimal and medial areas was calculated.

Determination of in vivo proliferation and apoptosis

Labeling of proliferating VSMC in specimens was performed using the thymidine analogue
5-bromo-2-deoxyuridine (BrdU; Boehringer-Mannheim Corp., Indianapolis, IN;
administered by Intraperitoneal injection 24 hours prior to sacrifice, 60 pug/g body weight).
The number of BrdU-stained VSMC nuclei was counted and the BrdU labeling index (% of
unlabelled cells) calculated on 10 slides (100 um apart). Labeling of apoptotic VSMC on
adjacent sections from each vessel specimen was evaluated using terminal deoxynucleotidy!l
transferase-mediated dUTP-biotin nick end labeling (TUNEL; Boehringer-Mannheim Corp.)
after processing the tissue according to the manufacturer’s guidelines on 10 slides (100 pm
apart). Stained VSMC nuclei were counted and the TUNEL labeling index (percentage of
unlabelled cells) calculated.

En Face SMC Migration Assay

Femoral arteries were perfusion-fixed as described above, and the vessels were opened
longitudinally and pinned down onto agar plates with the luminal surface facing upward.
Avrteries were stained with hematoxylin for 10 seconds and incubated in Scott’s blue for 2
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minutes. Migrated VSMCs were identified as the hematoxylin-stained cells on the luminal
surface of the endothelium-denuded area. The length of the femoral artery was visualized
under a microscope at x100 magnification, and the total number of VSMC above and below
the internal elastic lamina were counted and results expressed as a percentage of the cells on
the luminal surface of the artery.

Immunoblotting

Following wire injury, femoral arteries were rapidly retrieved, cleaned once in ice-cold
dPBS and then placed in ice-cold kinase buffer (200 pL; 25 mM Hepes, pH 7.5, 10%
glycerol, 5 mM EDTA, 5 mM EGTA, 150 mM NaCl, 100 mM benzamidine, 0.1% 2-
mercaptoethanol, 1% Triton X-100, 1 mM pepstatin A, 2 mg/mL leupeptin and 20 kallikrein
inhibitor units/mL aprotinin). Protein determinations were performed using a bicinchonic
acid assay (Bio-Rad Laboratories, Inc., Richmond, CA) with bovine serum albumen as the
standard. Equal amounts of protein lysates (20 pg) were loaded onto a 10% polyacrylamide
gel, separated by electrophoresis and then transferred to a nitrocellulose membrane (Bio-
Rad) (13). The membrane was blocked in 5% non-fat milk. The blot was then
immunostained with antibodies against the target proteins. Protein bands were visualized
using an anti-mouse 1gG horseradish peroxidase-conjugated antibody followed by enhanced
chemi-luminescence (ECL, Amersham Bioscience, Piscataway, NJ) using the
manufacturer’s protocols. Band intensity was measured using Gel-Imaging software (Kodak,
Rochester, NY). All experiments were performed at least three times and normalized to
GAPDH levels.

Plasminogen Zymography

Casein zymography was performed as described previously (14) with minor modifications.
Equal amounts of proteins were mixed with SDS sample buffer without reducing agent and
subjected to 12.5% SDS-PAGE containing casein (0.25 mg/mL) and plasminogen (20 ug/
mL). After electrophoresis, the gels were washed twice in 2.5% Triton X-100 for 30 min
each at room temperature to remove SDS and then incubated for 18 hrs at 37°C in buffer
containing 100 mM Glycine, pH 8.0. The proteins in the gel were stained with 0.2%
Coomassie Brilliant Blue in 30% methanol: 10% acetic acid solution for 2-3 hrs and then
destained in 30% methanol: 10% acetic acid.

Reverse Plasminogen Zymography

Reverse plasminogen zymography was performed as described previously (14) with minor
modifications. Equal amounts of proteins were mixed with SDS sample buffer without
reducing agent and subjected to 12.5% SDS-PAGE containing casein (0.25 mg/mL),
plasminogen (20 pg/mL) and urokinase-type plasminogen activator (UPA; 0.03 U/mL). After
electrophoresis, the gels were washed twice in 2.5% Triton X-100 for 30 min each at room
temperature to remove SDS and then incubated for 18 hrs at 37°C in buffer containing 100
mM Lysine, pH 8.0. The proteins in the gel were stained with 0.2% Coomassie Brilliant
Blue in 30% methanol: 10% acetic acid solution for 2—3 hrs and then destained in 30%
methanol: 10% acetic acid.

Gelatin Zymography

For assay of MMP-2 and MMP-9 activity, vessels were isolated and snap frozen after being
rinsed in ice cold PBS. Segments were then pulverized on liquid nitrogen using a mortar and
pestle and extracted with a guanidine-based buffer (0.05 M Tris, pH 7.5, 0.01 M CaCls, 2.0
M guanidine and 0.2% Triton X-100). The suspension was centrifuged and dialyzed against
0.05 M Tris and 0.2% Triton for 48 hours. A BCA protein assay (Pierce, Rockford, IL) was
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performed and 10 pg protein was loaded per lane. Gelatin zymography for matrix
metalloproteinases (MMPSs) was performed as described previously (15).

Reverse Gelatin Zymography

Gelatin zymography was performed as described previously (16) with minor modifications.
Equal amounts of proteins were mixed with SDS sample buffer without reducing agent and
subjected to 7.5% SDS-PAGE containing gelatin (2.5 mg/mL) and pro-MMP-2 (1.2 pg/mL)
or pro-MMP-9 (1.2 ug/mL). After electrophoresis, the gels were washed twice in 2.5%
Triton X-100 for 30 min each at room temperature to remove SDS and then incubated for 18
hrs at 37°C in buffer containing Tris-HCI (40 mM), CaCl, (10 mM) and NaCl (50 mM). The
proteins in the gel were stained with 0.2% Coomassie Brilliant Blue in 30% methanol: 10%
acetic acid solution for 2-3 hrs and then destained in 30% methanol: 10% acetic acid. TIMP
activity was detected as blue bands against a clear background of MMP digestion.

Data and Statistical Analysis

All data are presented as the mean =+ standard error of the mean (s.e.m.) of six observations
and statistical differences between groups were tested with a Kruskal-Wallis non-parametric
test with post hoc Dunn’s multiple comparison correction, where appropriate. A p-value less
than 0.05 was regarded as significant. Non-significant p-values were expressed as p=ns.

RESULTS

G protein Expression

To examine the changes in Gaq expression, samples of injured artery were examined by
western blotting and normalized to GAPDH. Ga.g expression increased in a time-dependent
manner after injury, which peaked at 7 days (Fig 1). Sham operated on vessels did not
produce such a response.

Modulation of Cell Kinetics

VSMC apoptosis using TUNEL as a marker peaked within 1-3 days after injury with
detection of apoptosis in the adventitia and in the media early and in the intima and media
late (Fig 2A). VSMC proliferation using BrdU as a marker peaked at 3-5 days after injury
(Fig 2B). VSMC migration peaked at 7 days after injury (Fig 2C). To determine the effect of
chemical and molecular inhibition of Gaq, the injured vessels were encased in pluronic gel
containing GP-2A, siRNA to Gaq or dominant negative Gag. Inhibition of Ga.q by
application of the Ga.q chemical inhibitor, GP-2A, or siRNA to Gaq increased early VSMC
apoptosis as measured by TUNEL staining in the vessels. Transfection with adenovirus of a
dominant negative Ga.g had a similar effect (Fig 2A). Application of GP-2A, the chemical
Gaq inhibitor, decreased cell proliferation as measured by BrdU staining but not migration
as measured by enface microscopy (Fig 2B and Fig 2C). Inhibition of Gaq by adenoviral
transfection of dominant negative Gaq also reduced cell proliferation but did not influence
cell migration (Fig 2B and Fig 2C). Application of siRNA to Gaq also reduced cell
proliferation without affecting cell migration (Fig 2B and Fig 2C). Transfection with empty
virus or application of scrambled siRNA had no effect on cell proliferation (Fig 2B and 2C).

Morphological Response

The development of intimal hyperplasia was determined by cross-section stained with H&E.
Following wire injury, the injured femoral arteries heal with the development of intimal
hyperplasia, which levels off at 14 days and is maximal at 28 days and does not change
substantially between day 28 and day 56. Vessels subjected to a sham procedure do not
produce such a response. When the vessels were encased in pluronic gel in vivo, there was
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no significant change in intimal hyperplasia development (Fig 3A). A similar response was
seen when an empty vector was placed in the gel. Application of GP-2A, the Gaq inhibitor,
decreased the intimal hyperplastic response (Fig 3A). Transfection with dominant negative
Gaq or application of siRNA also reduced intimal hyperplasia development (Fig 3A). The
cross-sections were stained with Movat’s stain to evaluate the composition of the
extracellular matrix. The percent area of the wall composed of proteoglycans increased
significantly after wire injury (p<0.05) and this increase was decreased by transfection with
Gaq, with a significant increase in collagen deposition (p<0.05) (Fig 3B). There was no
difference in the inflammatory infiltrate between the vessel treated with a Ga.q inhibitor or
control.

Protease Response

We determined the activity of uPA and PAI-1 activity by casein and reserve casein
zymography, respectively. uPA activity peaked at 7 days while plasminogen activator
inhibitor-1 (PAI-1) activity was decreased early from 0 to 3 days and returned to baseline
thereafter. There were time-dependent changes in expression of uPA and PAI-1 by western
blotting after injury. PAI-1 expression was increased early from 0 to 3 days and returned to
baseline thereafter. In contrast, uPA protein expression showed a steady increase that rose at
day 7 and peaked at day 28. Inhibition of Gaq did not alter peak uPA activity and
expression (Fig 4A and 4B), but did increase early PAI-1 activity and expression (Fig 4A
and 4B). We determined the activity of MMP-2/MMP-9 and TIMP-1/TIMP-2 by gelatin and
reverse gelatin zymography, respectively. MMP-9 activity peaked early at day 3 and
declined thereafter. MMP-2 activity increased significantly at day 1 and peaked again at day
7 and then showed a continual decline in activity to day 56 in the untreated wire-injured
vessels (Fig 5A). Protein expression for both MMP-9 and MMP-2 increased significantly
after injury and were both maximal at day 14 (Fig 5B). Inhibition of Ga.q reduced peak
MMP-9 activity at day 3 but did not influence peak MMP-2 activity at day 7 (Fig 5A).
Protein expression for MMP-9 was also decreased but that of MMP-2 was not affected (Fig
5B). There were no changes in the expression or the activity of the respective inhibitors for
MMP-9 and MMP-2, TIMP-1 and TIMP-2 (Fig 5C and 5D).

DISCUSSION

This study demonstrates that Ga.q expression increased in a time-dependent manner after
femoral artery injury and was sustained out to 56 days, Interruption of Gaq reduced cell
proliferation and increased cell apoptosis without affecting cell migration. Interruption of
Gaq signaling early also inhibited the development of intimal hyperplasia and altered the
extracellular matrix within, increasing the collagen content at 14 days. Associated with these
long-term changes in the extracellular matrix, inhibition of Ga.q increased early PAI-1
activity and expression without changing uPA activity or expression and reduced peak
MMP-9 activity without a change in the MMP-9 inhibitor TIMP-1. The MMP-2/TIMP-2
system was unaffected.

G proteins are involved in the signal transduction processes of seven membrane spanning
receptors such as angiotensin 11 and the angiotensin 11 type 1 receptor has been found to be
associated with Ga.q proteins (17, 18). Angiotensin Il and the angiotensin system have been
shown to be intimately involved in the vessel’s response to injury and its remodeling (19).
Angiotensin Il is a G protein agonist that activates a Ga.g-coupled receptor (20) and
stimulates smooth muscle cell proliferation (21, 22). Angiotensin Il signaling is associated
with increases in MMP-9 levels and an increase in PAI-1 expression or activity (23, 24). The
Gaq family of G proteins has been shown to mediate receptor stimulation of PLC-p activity
at the plasma membrane. PLC-p and Regulators of G protein signaling (RGS) function as
GTPase activating kinases (GAP) on Gaq to control the amplitude and duration of
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stimulation (25). Receptor activation of PLC-f via G proteins can be classifed as pertussis
toxin sensitive and pertussis toxin insensitive (26). The a subunits of the Ga.q family are
presumed to mediate the toxin-insensitive pathway (26, 27). We have previously
demonstrated that GP-2A can effectively inhibit both PLC-p phosphorylation and reduce
ERK1/2 activation in response to angiotensin Il stimulation (28).

We have previously shown that there were time-dependent changes in G protein expression
in two models of vessel remodeling: vein grafting in the rabbit and balloon injury in the rat.
Vein grafts harvested at 28 days postoperatively display an increased expression of G
proteins (Gas, Gai2 and GP+y subunits) and de novo expression of Ga.i3 (3). In addition,
receptor-coupled responses change from being pertussis toxin insensitive in the jugular vein
to pertussis toxin sensitive in the vein graft (2). After arterial balloon injury, there is a
specific increase in Gai3 expression at 3 days while both Gaq and GBy expression increase
in a time-dependent manner over the 28 days (7). Several inhibitor studies have strengthened
the contention that G proteins are involved in the genesis of intimal hyperplasia (4, 29). We
have shown that inhibition of Gai proteins will decrease intimal hyperplasia in a rat arterial
injury model (7) and specific blockade of the Gp-y-subunit in balloon-injured rat carotids
with a single exposure to the GB+y inhibitor BARKcT will also reduce the intimal
hyperplastic response (6). We have seen a similar response in rabbit vein grafts (5).

We have shown that following femoral wire injury in the mouse, there was a consistent
model of intimal hyperplasia and this remodeling was associated with a time-dependent
increase in the activity of MAPK signaling kinases (ERK1/2, p38MAPK and JNK) (8). After
injury, there were also time-dependent alterations in the activity and expression of the
protease/inhibitor combinations MMP-2 / TIMP-2, MMP-9 / TIMP-1 and urokinase / PAI-1
(8, 9). Interruption of the MAPK kinase activity with chemical inhibitors decreased the
intimal hyperplastic response and interrupted the expression and activity of the uPA / PAI-1,
MMP-2 / TIMP-2 and MMP-9 / TIMP-1 pathways (8, 9). More recently we demonstrated
that inhibition of Gpy alters in vivo VSMC proliferation and migration with associated
reductions in MMP-2, MMP-9 and uPA expression and activity. In the current study we saw
an increase in the expression of Gaq associated with the development of intimal hyperplasia
that was sustained out to 56 days. Early inhibition of Gaq resulted in a decrease in intimal
hyperplasia early at 14 days. Ga.q appears to be associated with the VSMC phenotype
involved in the development and persistence of intimal hyperplasia.

UPA and PAI-1 expression is linked to vessel remodeling with elevated uPA and decreased
PAI-1 levels having been shown to be predictors for angiographic coronary restenosis (30).
In our previous report, we saw a steady rise in UPA protein, which stabilized at 14 days, and
a peak in UPA activity at 7 days in this model (8). Both responses were blunted by the
presence of MAPK inhibitors and inhibition of GB-y. A similar pattern in the uPA / PAI-1
system was seen after injury to the rat carotid artery (31, 32). If uPA is placed in a pluronic
gel around an injured carotid, there is a significant increase in the earlier development of
intimal hyperplasia due to enhanced migration and proliferation of smooth muscle cells (33).
Increased expression of PAI-1 will promote proliferation when VSMCs are exposed to
tumor necrosis factor (34). Over-expression of uPA or a deficiency of PAI-1 in transgenic
mice has been shown to promote neointimal formation in response to transmural electrical
injury. A lack of uPA leads to a reduction in neointimal hyperplasia (35). Inhibition of G-y
decreased peak UPA activity and expression without altering the early peaks in PAI-1
activity and expression, resulting in a change in the relative activities, which may in part
explain the decease in intimal hyperplasia. In contrast, inhibition of Ga.q increased PAI-1
without effecting UPA expression or activity.
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MMP-9 is not constitutively expressed in VSMC but is induced after arterial injury and this
increase in activity coincides with the onset of cell proliferation (14, 36-38). We have
shown that the stress kinases play a role in MMP-9 expression and that peak MMP-9
expression and activity is associated with VSMC proliferation within the vessel wall (8).
MMP inhibitors decrease smooth muscle cell proliferation and migration (9, 32, 36).
Inhibition of Gaq reduced peak MMP-9 activity at day 3 without a change in MMP-2
activity. This change in protease activity is associated with a decrease in cell proliferation.
Cell migration was not significantly affected by Gaq inhibition and the associated reduction
in MMP9. This likely reflects the fact that the main driver for migration in this model is
MMP2. In the rat model MMP-9 overexpression is associated with increased migration (39)
and MMP-9 inhibition is associated with decreased migration (40). This dichotomy in the
results may suggest a species and strain-specific effect, but also may suggest that other
compensatory mechanisms have occurred with Ga.q suppression.

In this study, we noted an increase in PAI-1 and an increase in MMP-9 after vessel injury.
There is an apparent link between PAI-1 and MMP-9 expression in the vessel wall. The
distribution of latent and active MMP-9 has been monitored in aorta extracts and in serum-
free conditioned cell culture medium obtained from wild-type mice and from mice with
deficiency of tissue-type plasminogen activator (tPA), uPA, PAI-1 or plasminogen (41). In
aorta extracts, the contribution of active MMP-9 to the total MMP-9 level ranged from 17%
to 57% for smooth muscle cells, with the exception of plasminogen (/=) smooth muscle
cells, which had undetectable levels of active MMP-9. Addition of plasminogen to the cell
culture medium of fibroblasts resulted in an approximately two-fold enhancement of the
contribution of active MMP- 9. Activation of pro-MMP-9 was enhanced in the presence of
plasminogen but active MMP-9 was also detected in fibroblasts of plasminogen (-/-) mice,
indicating that in vivo activation may occur via plasminogen-independent mechanisms (41).
In experimental deep vein thromboses (DVTs), inhibition of plasmin activation using
aprotinin resulted in significantly increased levels of MMP-9 (42). These reports confirm
our data and suggest that a Gag-PAI-1 pathway is involved in the upregulation of MMP-9.

Conclusions

These data demonstrate that femoral wire injury in the mouse is associated with a time-
dependent increase in Gaq expression and that inhibition of Gaq will decrease intimal
hyperplasia development. Inhibition of Gaq alters cell proliferation and is associated with
decreased MMP-9 expression and activity.
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Figure 1.

Time course of Gaq expression normalized to a-actin following wire injury in the murine
femoral artery (A) with a representative Western blot (B). Values are the mean+ s.e.m. (n=6
per group). Statistical differences between groups were tested with a Kruskal-Wallis non-
parametric test with post hoc Dunn’s multiple comparison correction, where appropriate.
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Figure 2.

Changes in cell apoptosis (A), cell proliferation (B) and cell migration (C) in wire-injured
femoral vessels in the presence of pluronic gel with and without GP-2A, siRNA to Gaq or
adenovirus with dominant negative Gag. Values are the meanz s.e.m. (n=6 per group).
Values are the meanz s.e.m. (n=6 per group). Statistical differences between groups were
tested with a Kruskal-Wallis non-parametric test with post hoc Dunn’s multiple comparison
correction, where appropriate.
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Figure

3.

A comparison of the effect of pluronic gel with and without GP-2A, siRNA to Gaq or
adenovirus with dominant negative Gag on intimal hyperplasia development at 14 days
after wire injury (A). Changes in the area of cells, collagen, proteogylcan and elastin in
wire-injured femoral vessels in the presence of pluronic gel with and without GP-2A, siRNA
to Gaqg or adenovirus with dominant negative Gaq (B). The percent area of the wall
composed of proteoglycans increased significantly after wire injury (p<0.05) and this
increase was decreased by transfection with Gaq, with a significant increase in collagen
deposition (p<0.05). Values are the meanz s.e.m. (n=6 per group). Statistical differences
between groups were tested with a Kruskal-Wallis non-parametric test with post hoc Dunn’s
multiple comparison correction, where appropriate.
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Figure4.

Alterations in the peak expression (A) and peak activity (B)

of uPA at day 7 and PAI-1 at

day 3 in wire-injured femoral vessels in the presence and absence of GP-2A, siRNA to Gaq
or adenovirus with dominant negative Gaq. Values are the meanzs.e.m. (n=6 per group) (8,

9). Statistical differences between groups were tested with a

Kruskal-Wallis non-parametric

test with post hoc Dunn’s multiple comparison correction, where appropriate.
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Figureb5.

Alterations in the peak activity (A) at day 7 and peak expression at day 14 (B) of MMP-9 /
MMP-2 in wire-injured femoral vessels in the presence and absence absence of GP-2A,
SiRNA to Gag or adenovirue with dominant negative Gag. Peak activity (C) at day 7 and
peak expression at day 14 (D) of TIMP-1/ TIMP-2 in wire-injured femoral vessels in the
presence and absence of GP-2A, siRNA to Gag or adenovirus with dominant negative Gaq
is also shown. Values are the meanz s.e.m. (n=6 per group) (8, 9). Statistical differences
between groups were tested with a Kruskal-Wallis non-parametric test with post hoc Dunn’s
multiple comparison correction, where appropriate.
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