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Myocardial infarction is a major clinical problem [1]. Thrombotic occlusion of coronary
arteries leads to tissue ischemia and loss of myocardium [2,3]. Restoration of blood flow is
necessary to reduce myocardial necrosis, but this causes additional injury [2]. This so-called
‘reperfusion injury’ is mediated by the release of oxygen radicals and inflammatory mediators
from infiltrating leukocytes, and by the activation of the complement and coagulation cascades
[2,4].

Inhibition of tissue factor (TF), the primary initiator of coagulation cascade, has been shown
to reduce infarct size in animal models of ischemia–reperfusion (I/R) injury [5,6]. In this issue
of the Journal, Loubele et al. extend these studies by showing that inhibition of the TF–factor
VIIa (FVIIa) complex with active site-inhibited mouse FVIIa (ASIS) attenuates activation of
nuclear factor kappaB (NF-κB) and the expression of inflammatory mediators in a mousemodel
of I/R injury [7]. The question is, does the TF–FVIIa complex enhance inflammation in cardiac
I/R injury via its coagulation and/or signaling activity?

I/R injury damages the endothelial barrier and allows leakage of clotting factors into
themyocardium [6]. Subsequent contact with TF on cardiomyocytes activates the clotting
cascade and leads to the generation of coagulation proteases, such as FVIIa, FXa and thrombin,
and ultimately to fibrin deposition within the myocardium [6]. There are several pathways
downstream of the TF–FVIIa complex that may explain how this complex enhances
inflammation. These include a pathway mediated by a fibrin degradation product called E1,
and two other pathways driven by activation of protease-activated receptors (PARs) (Fig. 1).
Indeed, PAR1 and PAR2 are widely expressed by cells in the heart [8].

The E1 fibrin degradation fragment has been shown to facilitate neutrophil infiltration into the
myocardium after I/R injury by forming a bridge between leukocytes and endothelial cells
[9]. Specifically, the N-terminus of the α-chain of E1 interacts with CD11c on leukocytes, and
the N-terminus of the β-chain of E1 interacts with VE-cadherin located at cell–cell junctions
between endothelial cells. Inhibition of the TF–FVIIa complex would reduce formation of the
E1 fragment and may explain, in part, the anti-inflammatory effects of ASIS. Notably, Loubele
et al. observed a reduction in the number of neutrophils in themyocardium of mice treated with
ASIS [7].

Inhibition of thrombin with hirudin also reduces myocardial infarction [6,10]. Hirudin would
block the generation of the E1 fragment and its inflammatory activity, as well as reduce PAR1
signaling. Strande et al. reported that a PAR1 antagonist called SCH 79797 reduces the infarct
size in a rat model of myocardial I/R injury [11]. In contrast, we did not observe any difference
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in infarct size between wild-type and PAR1 knockout mice, but we observed a reduction in
cardiac remodeling in these mice [10]. These results indicate that additional studies using other
PAR1 inhibitors are necessary to clarify the role of PAR1 in cardiac I/R injury and to determine
whether other members of PAR family, particularly PAR4, can compensate for a lack of PAR1.

Finally, inhibition of the TF–FVIIa complex may reduce pathologic PAR2 signaling [12]. In
general, PAR2 signaling has been shown to be proinflammatory. For instance, PAR2 activation
on endothelial cells and macrophages induces the expression of proinflammatory cytokines,
including interleukin (IL)-1β, tumor necrosis factor-alpha and IL-6 [13–15]. Furthermore,
leukocyte rolling and adhesion is reduced in PAR2 knockout mice [16]. These data would
support the hypothesis that TF–FVIIa-dependent PAR2 signaling contributes to myocardial
infarction during I/R injury by increasing the inflammatory response. Consistently with this
notion, our preliminary results indicate that infarct size is significantly reduced in PAR2-
deficient mice as compared to wild-type controls (Pawlinski and Mackman, unpublished data).

Loubele et al. found that ASIS attenuated the activation of NF-κB and IL-6 expression [7].
The observed reduction in Toll-like receptor 4 (TLR4) expression led to the suggestion that
TF–FVIIa signaling may be linked to TLR4 activation. Indeed, the TLR4 pathway has been
shown to contribute to infarction after cardiac I/R injury [17]. Furthermore, activation of TLR4
and PAR2 produces a synergistic induction of cytokines from endothelial cells [13]. The
question is, how do TLR4 and PAR2 cooperate? Two recent studies provide a model to explain
this cooperation [18,19]. One study demonstrated that responses to PAR2 agonist peptide were
significantly diminished in TLR4-deficient macrophages [18]. A second study identified a
putative TLR/IL-1 receptor-like domain in the cytoplasmic C-terminus of PAR2 that interacts
with TLR4 and showed that mutation of this domain abolished PAR2-dependent activation of
NF-κB [19]. Further studies are required to determine whether TLR4 and PAR2 cooperate in
a similar manner in the heart after I/R injury.

In conclusion, Loubele et al. provide additional evidence that there is cross-talk between
coagulation and inflammation. A limitation of the study is that it does not elucidate the
pathways downstream of the TF–FVIIa complex that enhance inflammation. As with all other
anticoagulants, the major side-effect of using ASIS would be bleeding, but this was not
observed in the study. This issue is particularly important because we and others have shown
that TF is required for heart hemostasis [20,21]. Nevertheless, the current study may stimulate
the development of new therapies to reduce inflammation after myocardial injury.
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Fig. 1.
Cross-talk between coagulation and inflammation in cardiac I/R injury may be mediated by
multiple pathways.
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