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Occlusive thrombus formation on disrupted atherosclerotic plaque is a critical event in the 

onset of acute myocardial infarction and serious complication after vascular intervention. Although the 

exact mechanisms of occlusive thrombus formation remain unclear, it might be affected by amount of 

thrombogenic materials in disrupted plaques and blood flow alternation due to vasoconstriction of 

injured vessels or increased peripheral resistance mediated by microemboli [1, 2]. Activated platelets 

play a pivotal role in thrombus formation, and they release additional agonists such as adenosine 

diphosphate (ADP), adenosine triphosphate (ATP), serotonin and thromboxane A2, which cause further 

platelet recruitment to injured sites. Since ADP plays a key role in platelet aggregation [3], its 

metabolism in the blood is important in the regulation of platelet activation and recruitment. 

Ecto-nucleoside triphosphate diphosphohydrolase (E-NTPDase) is a major metabolic enzyme of ADP 

and ATP in the vasculature, and thereby inhibits platelet aggregation [4, 5]. We previously reported 

that local expression of placental E-NTPDase I, an isoform of E-NTPDase, suppresses platelet 

aggregation and occlusive thrombus formation in rat carotid arteries [6]. In addition to platelet 

agonists, ATP and ADP induce vasoconstriction via its prynergic receptors on vascular smooth muscle 

cell (SMC)s [7, 8]. Platelet aggregation after plaque rupture, therefore, would contribute to 

vasoconstriction, simultaneously platelet aggregation and thrombus formation are highly modulated by 

the degree of vascular narrowing after rupture [2]. This suggests that the local delivery of E-NTPDase 

might inhibit thrombogenic vasoconstriction, and subsequently reduce thrombus growth. However, the 

direct evidence showing E-NTPDase affect vasoconstriction is still lacking.  

We have observed that over-expression of placental E-NTPDase I in injured arteries 

inhibited vasoconstriction induced by ADP and ATP in rat carotid arteries. Adenovirus-mediated gene 

transfer of placental E-NTPDase I (AdPlac I) or bacterial β-galactosidase (AdLacZ) (each final titer, 
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5.0 × 108 plaque forming units) was performed into injured carotid arteries of male Sprague-Dawley 

rats (weighing 400 to 500 g), as described previously [6]. All procedures were carried out according to 

the protocol approved by The Animal Care Committee of University of Miyazaki. Five days after gene 

transfer, ATPase and ADPase activities in E-NTPDase infected arteries were 2.0 and 1.7 fold higher 

than those of control arteries, respectively (2.49+/-0.22 vs. 1.22+/-0.20; 1.50+/-0.12 vs. 0.85+/-0.10 

nmol Pi/min/mg, n=6 each, p<0.05). Vasoconstriction of these arteries to ATP and ADP was 

investigated by the isometric tension of artery strips with denudation of endothelial cells as described 

previously [9]. Although the contraction to norepinephrine did not differ among in control, AdPlac I- 

and AdLacZ-infected arteries, those to ATP and ADP were significantly reduced in AdPlac I -infected 

arteries, but not in control and AdLacZ-infected arteries (Figure 1). The maximum concentration ratios 

to KCl of AdPlac I-infected arteries by ATP and ADP (10-2 M) were 68.1+/-13.9 and 61.1+/-9.3 %, 

respectively. 

Thrombus-mediated vasoconstriction is a critical vascular response in the onset of 

cardiovascular events, because blood flow alteration after plaque disruption would promote thrombus 

growth [1, 2]. Nucleotides released from activated platelets are the major mediators in this process as 

well as serotonin and thromboxane A2. It has been reported that nucleotides stimulate P2 receptors on 

vascular SMCs, and regulate vascular tone and blood pressure [7]. The present results demonstrate the 

local expression of E-NTPDase might prevent ATP- and ADP-induced vasoconstriction in injured 

vessels. The role of E-NTPDases on SMCs have not been fully defined. When vascular injuries with 

endothelial denudation occur, E-NTPDase on SMCs might play dual protective roles, prevention of 

platelet activation and vasoconstriction by the nucleotides released from activated and adhered 

platelets at the injured vessels, however native E-NTPDase activity of vascular SMCs is very low [6]. 

In addition, E-NTPDase activity is considered to be reduced in atherosclerotic lesions, because 
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E-NTPDase would be inactivated by exposure to oxidative stress [10]. We previously investigated 

E-NTPDase/CD39 expression in coronary atheromatous plaques by immunohistochemistry, and 

demonstrated that the protease is expressed by SMCs and endothelial cells, but not by macrophages, 

and that the immunopositive cell ratio was significantly lower in plaques from patients with unstable 

angina than stable angina [11]. It is also showed that lymphocyte ADP/ATP ectonucleotidase activity is 

reduced in patients with ischemic heart diseases, compared with that in healthy subjects [12]. Reduced 

E-NTPDase activities might contribute to thrombus growth and vasoconstriction of atherosclerotic 

arteries with plaque disruption. Several prynargic receptors on SMCs elicit vasoconstriction when 

stimulated by extracellular nucleotides [13]. It is generally accepted that ATP acts as vasoconstrictor 

via P2X1 and P2Y2 receptors [14, 15], and ADP receptor P2Y12 expressed on SMC stimulate 

vasoconstriction [8]. Because nucleotide induced vasoconstriction is mediated by several prynargic 

receptors, E-NTPDase rather than specific receptor antagonists might be useful tool for suppression of 

vasoconstriction. The finding in this study suggests that local expression of E-NTPDase in 

atherosclerotic vessels might be a novel therapeutic strategy for prevention of cardiovascular events 

and complications after vascular intervention.   
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Figure legend 

Figure 1. Concentration–response curves for ATP and ADP in infected rat carotid arteries with 

endothelial denudation.  

ATP induced contraction (A), ADP induced contraction (B), Non-infected carotid artery (Control, �), 

AdLac Z-infected carotid artery (□), AdPlac I-infected carotid artery (�). (n = 6 each, ∗P < 0.05 vs 

non-infected artery and AdLac Z-infected artery) 
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