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Dual antiplatelet therapy with aspirin and adenosine diphosphate (ADP) receptor in-
hibitors significantly improves the outcome of patients with stable coronary heart dis-
ease. However, abundant thrombin generation, which is not influenced by this dual
antiplatelet therapy, is amajor reason for recurrent thromboembolic disease in these
patients. We, therefore, assessed in a hypothesis generating study in patients with
stable coronary artery disease specifically the relation of responsiveness of the
platelet thrombin receptor protease-activated receptor (PAR)-1 to the magnitude
of the inhibition of the ADP receptor. PAR-1 regulation was studied prospectively in
86 consecutive patients with stable coronary artery disease treated with aspirin
and clopidogrel (67 patients) or prasugrel (19 patients) and correlated the data to
ADP inducible platelet reactivity by impedance aggregometry. PAR-1 expression
did not differ between patients on aspirin and clopidogrel vs patients on aspirin
and prasugrel (P . 0.5). PAR-1 levels were correlated to P-selectin expression (P ,
0.0001). The higher the PAR-1 expression the more profound was the in vitro
thrombin-inducible platelet activation. However, neither ex vivo PAR-1 expression
nor in vitro thrombin-inducible PAR-1 were correlated to ADP-inducible platelet ag-
gregation (P . 0.5).
Thus, like in a real life scenario, patients with stable ischemic heart disease on dual
antiplatelet therapymayexpress high levels of PAR-1, which are associatedwith pro-
found thrombin-inducible platelet activation. This responsiveness cannot be pre-
dicted by the magnitude of ADP responsiveness. (Translational Research
2013;161:414–420)

Abbreviations:ADP¼ adenosine diphosphate; AU¼ aggregation units; CAD¼ coronary artery
disease; GP ¼ glycoprotein; MEA ¼ multiple electrode impedance aggregometry; PAR ¼
protease-activated receptor; PCI ¼ percutaneous coronary intervention

T hrombotic events are a primary cause of morbidity
and mortality following percutaneous coronary
intervention (PCI) and stent placement despite

aspirin and thienopyridine treatment.1 Platelet activa-

tion may occur through pathways that are not affected
by cyclooxygenase or P2Y12 inhibitors. Therefore,
alternative therapeutic platelet inhibitors are currently
investigated.2

From the Department of Internal Medicine II; Core Unit for Medical

Statistics and Informatics, Section of Clinical Biometrics;

Department of Blood Group Serology and Transfusion Medicine,

Medical University of Vienna, Vienna, Austria.

Conflict of interests: All authors have read the journal’s policy on dis-

closure of potential conflicts of interest. The authors declare no con-

flict of interest.

Submitted for publication October 15, 2012; revision submitted

November 20, 2012; accepted for publication December 13, 2012.

Reprint requests: Simon Panzer, MD, Clinic for Blood Group Serol-

ogy and Transfusion Medicine, Medical University Vienna, Waeh-

ringer Guertel 18-20, 1090 Vienna, Austria; e-mail: simon.panzer@

meduniwien.ac.at.

1931-5244/$ - see front matter

� 2013 Mosby, Inc. All rights reserved.

http://dx.doi.org/10.1016/j.trsl.2012.12.009

414

Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_given name
mailto:simon.panzer@meduniwien.ac.at
mailto:simon.panzer@meduniwien.ac.at
http://dx.doi.org/10.1016/j.trsl.2012.12.009


Abundant thrombin generation is considered the ma-
jor reason for recurrent acute thromboembolic events in
patients on dual antiplatelet therapy. Thrombin activates
platelets via 4 distinct receptors, protease-activated re-
ceptors (PAR)-1 and -4, and glycoprotein (GP) Iba
and GP V.3-8 There is strong evidence that the PAR-1
platelet activation pathway is clinically significant.
For example, platelet PAR-1 modulation has been
seen in patients with stroke.5 Furthermore, recent data
have demonstrated that despite effective dual platelet
inhibition, thrombin generation during PCI can activate
platelets.9,10 Thrombosis, leukocyte chemotaxis,
smooth muscle cell proliferation, and migration may
ensue and stimulate vascular remodeling.
Inhibition of P2Y12 is associated with a reduced

PAR-1 mediated aggregation,11,12 but the receptor’s
regulation by thrombin under P2Y12 inhibition has
not been addressed so far. To simulate a real life
scenario, we studied relations of PAR-1 regulation
with the efficacy of P2Y12 inhibition, and with platelet
activation in patients with stable coronary artery disease
(CAD) on aspirin and thienopyridine treatment.

METHODS

Patients. The study complied with the Declaration of
Helsinki, was approved by the Ethics Committee of the
Medical University of Vienna, and all patients and con-
trols gave written informed consent. We prospectively
studied if PAR-1 regulation is maintained despite
therapeutic inhibition of the P2Y12 receptor. The
prospective study was designed to test the hypothesis

that PAR-1 regulation is maintained despite therapeutic
inhibition of the platelet P2Y12 adenosine diphosphate
(ADP) receptor. Blood samples were obtained from
86 consecutive patients with angiographically proven
stable CAD (Table I). Of these, 68 patients had been
treated with stents (50 patients were on clopidogrel,
18 patients on prasugrel), and the other 18 patients
were treated conservatively (17 on clopidogrel, 1 on
prasugrel). Blood was drawn in a stable condition, after
coronary angiography and interventions had been
successfully accomplished, and after patients were on
continuous therapy with aspirin (100 mg daily) and
either clopidogrel (75 mg daily) or prasugrel (10 mg
daily) for at least 5 days (range 5–10 days). Patients
who had been pretreated with thrombolytic therapy or
platelet GP IIb/IIIa antagonists were excluded.

Laboratory methods. Blood samples were obtained
by clean venipuncture from an antecubital vein using
a 21-gauge butterfly needle (0.8 3 19 mm; Greiner
Bio-One, Kremsm€unster, Austria) after overnight
fasting. To avoid procedural deviations, all blood
samples were collected by the same physician
applying a light tourniquet, which was immediately
released, and the samples were mixed adequately by
gently inverting the tubes. After the initial 3 mL of
blood had been discarded, blood was drawn into
a 3.8% sodium citrate Vacuette tube (Greiner Bio-
One; 9 parts of whole blood, 1 part of sodium citrate

Table I. Clinical, laboratory, and procedural

characteristics of the study population

Characteristics n 5 86

Age, y 63 (51; 72)
Male sex 67 (77.9%)
BMI, kg/m2 28.07 (224.61; 31.20)
Medical history
History of CAD 30 (34.9%)
Hypertension 60 (69.8%)
Hypercholesterolemia 58 (67.4%)
Diabetes mellitus 26 (30.2%)
Active smoking 52 (60.5%)

Laboratory data
Platelet count, 3109/L 215 (189; 264)
Serum creatinine, mg/dL 1.02 (0.89; 1.2)
C-reactive protein, mg/dL 0.94 (20.31 to 1.76)

Baseline medication
Aspirin (100 mg) 86 (100%)
Clopidogrel (75 mg daily) 67 (77.9%)
Prasugrel (10 mg daily) 19 (22.1%)
ACE inhibitors 66 (76.7%)
Angiotensin receptor blockers 21 (24.4%)
Beta blockers 75 (87.2%)
Proton pump inhibitors 75 (87.2%)
Calcium-channel blockers 16 (18.6%)

Abbreviations: ACE inhibitors, angiotensin converting enzyme
inhibitors; BMI, body mass index; CAD, coronary artery disease.

AT A GLANCE COMMENTARY

Background

Abundant thrombin generation, which is not influ-

enced by therapy with aspirin and P2Y12 inhibi-

tors, is a major reason thromboembolism in

patients with stable coronary heart disease. We as-

sessed the relation of responsiveness of the platelet

thrombin protease-activated receptor (PAR)-1 to

that of P2Y12 inhibition.

Translational Significance

In vivo levels of the thrombin receptor were corre-

lated with in vivo platelet activation. The higher the
expression of the thrombin receptor the more pro-

found was the in vitro thrombin-inducible platelet

activation. However, this responsiveness to throm-

bin was not predicted by the magnitude of inhibi-

tion of the P2Y12 receptor.
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