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Introduction

Vascular wal remodeling after arterial in-
jury involves the migration and prolifera-
tion of smooth muscle cells (SMCs) into
the intima and the development of a neoin-
tima that reduces luminal diameter. Many
factorsmay play arolein SMC proliferation,
including platelet-derived mitogens and
thrombint.2. The cellular events associated
with neointimal proliferation in responseto
vascular injury may beinduced in part by the
platelet-rich thrombus that forms at the site
of vascular injury. Platelet-rich thrombosis
is dependent on a dynamic interaction be-
tween platelet adhesion and aggregation,
exposure of membrane-bound tissue factor
(TF), elaboration of factor Xaby the TF/VII
complex, and localization of the Xa/\VVacom-
plex on a phospholipid surface most likely
provided by adherent platelets (Fig. 1).
Platelet adhesion is mediated by specific
binding of platelet membrane receptorsto the
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subendothelia adhesive glycoproteins such
as collagen, and subsequent platelet depo-
sition is determined by several mechanisms,
including extent of arterial injury, shear-de-
pendent platelet adhesion and aggregation
and elaboration of platelet agonists.

Experimental observations

We have recently shown that the factor
XalVacomplex and thrombin localize to the
site of arterial injury, are resistant to physio-
logic anticoagulants (e.g., antithrombin 111),
and may promote thrombin elaboration for up
to 5 daysafter injury of norma vessdsin New
Zedland White rabbits3. The activity of the
XalVacomplex that locdlizesto theinjured ar-
terial wall isregulated by platelet deposition
after injury, providing a membrane for as-
sembly of the complex, and TF-mediated ac-
tivation of factor X. AsTF iscritical for the
initiation of coagulation cascade, we created
amodel where a sequentia injury to the ab-
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Figure 1. Central role of the prothrombinase enzymatic complex. TF = tissue factor.
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dominal aortaof New Zealand White rabbitswas used, to
define whether the subendothelium and the media of an
aorta with neointima, 30 days after afirst catheter over-
inflation, expose TF, and to define also thetime course &f-
ter arteria injury of theincrease in procoagulant activity
and its determinants on the luminal surface. We eva uat-
ed aso whether this activity was associated with amore
robust and more prolonged procoagulant activity compared
to that in anormal aorta. Procoagulant activity dependent
on TF and platelets was evaluated at 4 hours after are-
peated injury, while procoagul ant activities dependent on
factor Xa/Vaand thrombin were a so evaluated at longer
intervas after arepeated injury. Prothrombotic activity was
characterized ex vivo in injured segments that were incu-
bated with barium-adsorbed plasmaand with chromogenic
substrates to define the presence of procoagulant activi-
ty bound to the vessel wall. Animals with neointima
showed increased platelet adhesion 4 hours after injury,
when compared to animals with normal vessels, sug-
gesting availability of upstream activators of the pro-
thrombinase complex. At the sameinterval, functional ac-
tivity of complexesinducing activation of factor X, eval-
uated ex vivo with chromogenic substrates, was detectable
in animal s with neointima, and was consistently reduced
(81%) after incubation of the injured segments with 2.5
mg/ml of a specific antibody to rabbit TF. Animals with
neointima showed increased platelet adhesion 4 hours
after injury, suggesting availability of upstream activators
of the prothrombinase activity. Thus, in our experimental
conditions, platelet coverage and procoagulant activity
were detected after repeated injury of the abdominal aor-
ta of rabbits. Since injured segments of aorta with the
neointima expressed capacity to support prothrombinase
activation, as indicated by activation of factor X from
upstream active coagul ation complexes, and becausea TF
antibody was effective in reducing activation of factor X
intheinjured vessals, our data suggest that exposure of TF
mediates an increased prothrombotic activity associated
withintimal hyperplasia. Thisfinding suggeststhat cells
in the neointima support activation of the coagulation
mediated by TF: onceintimal TF is exposed to the circu-
lating blood, it resultsin arapid fibrin deposition. Defi-
nite candidates for supporting TF activity in the neointi-
ma and the media are vascular SMCs and monocytes
coming from the circulating blood.

Regulation of vascular inflammation
by procoagulant activity

Differently fromin vitro experiments, whosefocusis
to define mechanisms by which thrombosis and inflam-
mation act unidirectionaly with respect to endothelia cell
or leukocyte function, experimental preparationsin vivo
may reveal important crosstalk between cell populations
which may influence how each cell population responds
to astimulus, especialy if factors are present that activate
both populations. Thus, thrombin and other procoagulant
moi eties (XaVa complex) may act in asynergistic fash-

S33

ion with inflammatory cytokines (interleukin-4, inter-
leukin-6) to induce functional expression of adhesion
molecules critical for recruitment of inflammatory cells
to the vascular wall or to interact with monocytes to po-
tentiate recruitment of additional inflammatory cells.
The extent and the role to which platelet-derived and
coagulation-derived factors act separately or in concert
in vivo to induce activation of SMCs and endothelial
cellsare not known. Asinhibition of platelet-rich throm-
bosis attenuates vascular wall remodeling in experimen-
tal models, and because clinical events associated with
restenosis after angioplasty have been shown to be at-
tenuated by inhibition of the platel et fibrinogen receptor,
it was postulated that inhibition of platelet activation, of
thrombin, or of procoagul ants that induce thrombin elab-
oration, also attenuates stenosis after vascular injury.
Tanaka et a.4 demonstrated an increased expression of
VCAM and ICAM 48 hours after balloon denudation of
the endothelium in rabbits: VCAM expression appears
closely associated with the leading edge of regenerating
endothelia cells, and high levels of ICAM-1 expres-
sionswere seen in both the endothelial and SMCs of the
developing neointima. These adhesion molecules serve
as specific mediators of leukocyte recruitment, retention
and activation following arteria injury, thus serving aside-
a early markers of the response to vascular injurys.

Conclusions

Since in experimental modelsit is possible to mod-
ulate the procoagulant and platel et responsesto arterial
wall injury with the use of specific inhibitors of throm-
bin, factor Xa, TF/Vlla, and platelet adhesion and ag-
gregation, characterization of the expression of VCAM
and ICAM will provideinsight to address the following
issues: 1) relevance of biological extracoagulative role
of prathrombotic moieties, 2) establishing whether en-
dothelial and SMC activation early after injury are pro-
coagulant and/or platel et-dependent.
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