
Title 

P-Selectin Activated Platelet Monocyte Aggregates and Microvascular Dysfunction in 

patients with stable angina and non-ST elevation acute coronary syndrome undergoing PCI 

 

Authors 

Chrysostomos A Mavroudis MD, MRCP, Bikash Majumder MD, MRCP, Ray Sapsford BSc, 

Janet North MSc, Mark Lowdell PhD, Roby D Rakhit MD, FRCP 

Corresponding author 

Roby Rakhit MD, FRCP 

Consultant Cardiologist & Honorary Senior Lecturer 

Department of Cardiology 

Royal Free London NHS Trust, London, United Kingdom NW3 2QG 

Tel: 020 7794 0500 extension: 33010 

 

 

Word count: 5073 

 



Abstract 

Background 

Microvascular dysfunction (MvD) is a predictor of outcomes in coronary heart disease 

(CHD). Activated platelets interact with leukocytes forming platelet monocyte aggregates 

(PMA), a marker of platelet activation. 

Objectives 

To assess the relationship between MvD and PMA expression in CHD patients treated with 

percutaneous coronary intervention (PCI). 

Methods 

Fourteen patients with NSTE-ACS and 11 patients with stable angina (SA) recruited. Blood 

samples aspirated sequentially from the right atrium (RA), ascending aorta (AO) and the 

coronary artery (CO) distal to the culprit lesion. MvD was assessed by measuring the index of 

microvascular resistance (IMR), coronary flow reserve (CFR) and the coronary wedge 

pressure (Pw). Flow cytometry was used for PMA estimation.  

Results 

Total PMA and CD62P+PMA did not differ between CO, AO and RA in the two groups. 

CD62P+PMA expression in the CO and AO of the ACS group were higher compared to SA 

(p=0.005 and p=0.03 respectively). Pw (median) was higher in the ACS (52.5 mmHg) 

compared to the SA group (18 mmHg) p= 0.01. IMR and CFR did not differ between ACS 

and SA. Pw and IMR in both groups correlated positively with the total PMA (r2=0.3; 

p=0.009 and r2=0.4; p=0.01 for Pw and IMR respectively in ACS, r2=0.2; p=0.03 and r2=0.3; 

p=0.01 for Pw and IMR respectively in SA). 

Conclusions 

Elevated CD62+PMA is a hallmark of ACS. PMA correlate with measured microvascular 

dysfunction in both stable angina and ACS patients. This study supports the hypothesis that 



PMA may be important determinants of platelet activation, inflammation and microvascular 

dysfunction in CHD.  

 

Key words: acute coronary syndrome, microvascular dysfunction, platelet activation and 

platelet-monocyte aggregates. 

 



Background 

Microvascular dysfunction (MvD) is a powerful independent predictor of long term 

outcomes, left ventricular function and mortality, in patients presenting with acute coronary 

syndrome (ACS) and undergoing revascularization with percutaneous coronary intervention 

(PCI). REFERENCE REQUIRED Despite angiographic successful coronary artery stenting 

potential compromise of the coronary microcirculation during or after PCI is associated with 

“slow flow” or “no flow” with subsequent impaired myocardial tissue oxygenation. 

REFERENCE REQUIRED A number of different non-invasive and invasive techniques have 

been developed to evaluate the coronary microvasculature. Among the invasive methods in 

the catheter laboratory the ‘Index of microvascular resistance’ (IMR) which is derived using 

a Doppler or a pressure-temperature sensing wire, has emerged as a novel index for the 

assessment of the coronary microcirculation (1-3). 

Fearon et al demonstrated positive correlation of IMR measured immediately following 

primary PCI (pPCI) for STEMI patients with peak CK and left ventricular function assessed 

by echocardiography at 3 months follow up (4). It has also been shown that measured IMR 

during pPCI, in STEMI patients, predicts myocardial salvage, infarct characteristics, and left 

ventricular ejection fraction (5-7). Cuisset et al has demonstrated, in patients with stable 

angina who had elective PCI, that direct stenting was associated with significantly lower IMR 

compared to the patients who had pre-dilation with balloon. They have also demonstrated that 

patients with post-PCI troponin release had significantly higher IMR compared to the patients 

without post-PCI troponin release (8). In addition measurement of IMR in patients electively 

admitted for PCI may allow prospective identification of patients at risk of periprocedural 

myocardial infarction (9). 

Activated endothelial cells and platelets express P-selectin on their surface which mediates 

the platelet-leukocyte interaction via the P-selectin-PSGL-1 bond leading to platelet 



monocyte aggregate (PMA) formation with leukocyte activation, migration and recruitment 

at the site of inflammation (10;11). It has been shown that inflammatory mediators such as 

tumour necrosis factor-α (TNF-α) and LPS increase P-selectin production from the 

endothelial cells in addition to up-regulating P-selectin on the cell surface (12). Furthermore, 

activated platelets lose their surface P-selectin despite the fact they continue to circulate and 

function (13). Therefore PMA measurement may represent a more robust marker of platelet 

activation than detection of P-selectin on their surface. P-selectin on the surface of the 

activated platelets, within the PMA complex, induces monocyte TF expression which, in the 

ACS setting with a ruptured atheromatous plaque, may trigger or contribute to the cascade of 

athero-thrombosis (14). PMA levels, both at the site of the coronary lesion and 

systematically, has been described as a sensitive marker of platelet activation and 

inflammation. Increased PMA levels have been observed in both stable angina (15;16) and 

ACS patients (17). The extent of PMA formation depends mainly on platelet activation status 

rather than the monocyte activation (18). It has been shown that prevention of platelet 

adhesion to monocytes by interfering with the binding of platelet P-selectin to PSGL-1 

reduces inflammation (19). Platelet binding to monocytes via the P-selectin depandant 

pathway increases the adhesive properties of monocytes by up-regulating the expression and 

functionality of beta1 and beta2 integrins (20;21). This process is facilitated by the presence 

of RANTES and CXCL10 chemokines produced by platelets on to the monocytes (22). A 

positive relationship between inflammatory markers (IL6 and CRP) and markers of platelet 

activation like P-selectin and PMA has been previously demonstrated (23). Therefore the 

possibility that PMA may contribute in the pathophysiology of microvascular dysfunction via 

exaggerating and sustaining the coagulation cascade in addition to perpetuating local 

coronary inflammation exist.  



The role of PMA formation in the pathophysiology of ACS remains unknown. Whether PMA 

is just a bystander of the inflammatory and thrombotic process occurring in the setting of 

ACS or whether the PMA is an effector of the disease remains unclear. EXPLAIN HERE 

EXACTLY WHAT A CD62+ PMA IS Botto et al have demonstrated increased platelet-

monocyte interaction and CD62P+PMA formation in blood samples aspirated from the 

infarct related artery (IRA) compared with the peripheral circulation in patients presented 

with myocardial infarction (24). The concept of an active involvement of PMA in ACS has 

been supported with the observations by Patel et al who demonstrated trans-coronary gradient 

of platelet-leukocyte formation in patients with ACS. They found increased CD62P+PMA 

level in the coronary sinus samples compared to the aortic samples in both patients with ACS 

and stable angina (25). In addition, recent data suggest that platelet monocyte interaction is a 

normal physiological process in the absence of overt platelet activation with little impact on 

the potential of monocytes to cause vascular injury (26). We identified this subpopulation of 

PMA as P-selectin positive PMAs (CD62+ PMAs). We hypothesized that 1) PMA is higher 

in the ACS group compared with the stable angina and 2) a positive correlation should exist 

between PMA expression and markers of microvascular dysfunction. The aim of our study 

was to assess the relationship between microvascular dysfunction and the level of PMA 

expression, intracoronary and systemic (aorta and right atrium) in patients presenting with 

NSTE-ACS or stable angina treated with PCI. 

Methods 

Study population 

Twenty five patients (14 patients with NSTE-ACS and 11 patients with stable angina (SA) 

presenting to our hospital with symptomatic coronary heart disease and treated with PCI were 

recruited for the study. The diagnosis of NSTE-ACS was based on the history of chest pain 

with or without ischaemic ECG changes (other than ST elevation) and a troponin T value > 



0.03 ng/l (27). SA patients were admitted electively for PCI. SA patients had been reviewed 

in the cardiology outpatient clinic with a diagnosis of angina pectoris based on typically 

ischaemic sounding chest pain and a positive non-invasive test such as exercise tolerance test, 

stress echocardiography or myocardial perfusion scan. The decision for diagnostic 

angiography was made by a cardiologist as part of routine clinical care. Informed consent 

was obtained prior to the procedure from all recruited patients outside the cardiac 

catheterisation laboratory. Ethical permission was granted by the local ethics committee of 

the Royal Free Hospital, and all participants provided fully informed written consent. 

 

Exclusion criteria 

Patients with a history of chronic renal failure (defined as an estimated GFR<60ml/min), 

prior coronary artery bypass grafts and patients who had received Glycoprotein IIb/IIIa 

antagonists prior to sampling were excluded from the study. 

 

Coronary angiography, coronary angioplasty and blood sampling 

Diagnostic coronary angiography followed by PCI was performed according to contemporary 

guidelines (27). Through a 6F venous sheath via the femoral vein a 5F multipurpose catheter 

(5F, Cordis ®, internal diameter 0.11cm) was placed in the right atrium. Left and right 

coronary artery angiography was performed with a 5F Judkin’s Left 4 diagnostic catheter 

(Cordis ®, internal diameter 0.11 cm) and 5F Judkin’s Right 4 diagnostic catheter (5F, Cordis 

®, internal diameter 0.11 cm) respectively. Blood samples (10 ml from each site) were 

aspirated sequentially through the diagnostic 5F catheter from the right atrium and ascending 

aorta. After identification and wiring of the culprit lesion an aspiration catheter (Medtronic ® 

Export catheter, internal diameter 0.10 cm) was advanced just distal to the culprit lesion and 

10 mls blood sample was aspirated. All blood samples were aspirated carefully through 



catheters of similar internal diameter in order to maintain similar shear stress during 

aspiration and minimise shear stress related in vitro platelet activation. PCI was performed 

according to standard procedures following collection of the blood samples.  

NSTE-ACS patients were treated with 300 mg of Aspirin, 600 mg of Clopidogrel and weight 

adjusted low molecular weight heparin (enoxaparin 1mg/kg twice daily) immediately after 

the diagnosis of NSTE-ACS. All patients received weight adjusted unfractionated heparin in 

the catheter laboratory during PCI to maintain the ACT between 200 and 250 sec. SA patients 

were treated with anti-anginal medications; aspirin 75mg od and clopidogrel 75mg od for 7 

days prior to the PCI as per hospital protocol.   

 

Measuring IMR and CFR with pressure-temperature sensor wire 

Thermodilution technique using a 0.014 inch floppy, pressure wire (pressure wire 3, Radi 

Medical system) as described before (3) was used to measure IMR and CFR, in 7 patients 

with NSTE-ACS and 7 patients with SA. The shaft/microsensor of the wire can be used as an 

additional thermistor, providing the input signal at the coronary ostium of any fluid injection 

with a temperature difference from blood. In this manner the mean transit time of the injected 

3 mls 0.9% saline at room temperature, in the coronary artery can be calculated from a 

coronary thermodilution curve. Measurements of the mean transit time (Tm) were calculated 

3 times at baseline and 3 times at maximum hyperaemia. Maximum hyperaemia was 

achieved by adenosine infusion through the femoral vein at a rate 140 µg/kg/min. Distal 

coronary pressure (Pd) was recorded from the pressure wire. Mean aortic pressure (Pa) was 

measured from the coronary catheter and central venous pressure (Pv) was measured from the 

right heart catheter at maximum hyperaemia. Coronary wedge pressure (Pw) was measured at 

maximum hyperaemia by inflating a semi-compliant balloon (1mm smaller that the vessel 

diameter) in the coronary artery. IMR measurements were calculated after the completion of 



the PCI. IMR was calculated using the equation IMR= Pa × Tm × [(Pd-Pw) ÷ (Pa-Pw)] as 

described before (1). All the above measurements were taken during maximum hyperaemia. 

CFR  equals to the ratio of the baseline Tm/hyperaemic Tm provided that the time for 

analysis of the thermodilution equals at least one cardiac cycle, and variability between 

values of  the 3 transit times < 20%.   

 

Flow Cytometry and PMA methodology 

4mls of the sampled whole blood was poured into separate sterile vacutainer tubes containing 

a combination of 3.2% sodium citrate and EDTA for flow-cytometric estimation of PMA and 

CD62P+ PMA as described by our group before (28). Blood samples were immediately 

transferred to the haematology laboratory and prepared for flow cytometry and PMA 

estimation, within 2 hours of sample collection. Five µL of fluorescent monoclonal 

antibodies, anti CD61 FITC, anti CD14 PerCP and anti CD62P PE were added in each of the 

three (one tube for each compartment) round bottom polystyrene tubes (BD Falcon 12 x75 

mm style). One hundred µL of whole blood was aliquoted into each tube. The samples were 

incubated in a dark place at room temperature for 20 minutes. After that, erythrocytes were 

lysed by addition of 2 ml of easy lyse™ solution (Dako) (1 in 10 dilution) for 15 minutes at 

room temperature in dark place. Red blood cells were washed with addition of 1ml of FACS 

flow and centrifuged at 300g for 5 minutes. The supernatant was discarded and the cells 

resuspended in 500 µL of FACS flow for immediate flow cytometric acquisition and analysis 

(FACS Calibur equipped with Cell Quest ® software – BD Biosciences, Oxford, UK). Events 

were acquired on a 2D dot plot arraying CD14 (logarithmic scale abscissa) and SSC height 

(linear scale ordinate). Monocytes were identified as CD14 positive events and distinctive 

intermediate side scatter height. A minimum of 5000 CD14 positive events were acquired 

from each sample. The monocyte population was gated and named as analysis region (R1). 



Events within R1 plotted again on a 2D dot-plot arraying CD 61 signal width (linear scale 

abscissa) and CD14 signal height (logarithmic scale abscissa). Double positive 

CD14+CD61+ events were consider as total PMA and were expressed as percentage of the 

total monocytes. Triple positive CD14+CD61+CD62P+ events were identified as P-selectin 

positive PMA (CD62P+ PMA) and were expressed as percentage of the total PMA. The 

process was standardised in our laboratory with the percentage of PMCs in the peripheral 

circulation of normal healthy individuals was found to be 2.57± 0.31 (CV 13.96± 8.30 %). 

 

Statistical analysis 

Continuous variables were expressed as medians with interquartile range (IQR). Categorical 

variables were expressed as percentages with 95% confidence intervals (95% CIs). 

Comparisons between the two groups and between the compartments were performed using 

the Mann-Whitney U test. Fisher exact test was used for proportions. Linear regression was 

used to correlate the markers of microvascular dysfunction and PMA. A 2-sided p value 

<0.05 were considered to be statistically significant. All statistical analyses were performed 

with Graph Pad Prism 5 statistical software. 

 

Results 

The demographics and baseline characteristics of the study population are shown in table 1. 

Briefly the majority of the study population was male (83%). The SA patients were more 

likely to have past medical history of hypertension compared to the NSTE-ACS group. Also 

the NSTE-ACS patients were more likely to have family history of CHD. The study 

population was well balanced with respect to other risk factors, diabetes mellitus, 

dyslipidaemia and smoking. 

 



 

Total PMA expression in the CO, AO and RA sites in NSTE-ACS and SA groups 

Within NSTE-ACS and SA groups there were no difference seen in the expression of total 

PMA and CD62P+ PMA levels between the three sites (CO, AO and RA). Total PMA 

expression in the CO, AO and RA did not differ between NSTE-ACS and SA (Fig 1). 

However the expression of CD62P+ PMA in the CO and AO of the NSTE-ACS patients was 

higher compared to SA patients (p=0.005and p=0.03 respectively) (Fig 1). There was no 

difference in the expression CD62P+ PMA in the RA between the two groups (Fig 1c).  

 

IMR, CFR and Pw in the two groups 

Pw (median (IQR) was higher in the NSTE-ACS group [52.5 mmHg (34.2-65.5)] compared 

with the SA group [18 mmHg (17-32)] p= 0.01] Fig 2. IMR (median (IQR) did not differ 

between NSTE-ACS [19.6 mmHg*sec (14.4-34.2)] and SA group [19.9 mmHg*sec (17.6-

26.8)] (Fig 2). CFR also did not differ between the two groups (data not shown). 

 

Correlations between indices of microvascular dysfunction and PMA in the ACS and 

stable angina groups 

Pw and IMR in the NSTE-ACS correlated positively with the total PMA levels in the three 

compartments (r2=0.35; p=0.009 and r2=0.46; p=0.01 for Pw and IMR respectively). In 

addition there was a strong positive correlation between Pw and CD62P+ PMA (r2=0.46; 

p=0.007). (Table 2) 

In the SA group Pw and IMR correlated positively with total PMA (r2=0.23; p=0.03 and 

r2=0.28; p=0.01 for CwP and IMR respectively). CD62P+ PMA in the SA did not correlate 

with Pw or IMR. (Table 2) 

 



 

Discussion 

The unique finding of our study is the positive correlation between invasive markers of 

microvascular dysfunction and PMA in patients with NSTE-ACS and stable angina. In line 

with previous studies, CD62P+ PMA in the coronary were higher in ACS patients compared 

with stable angina. The above findings support the knowledge that platelet activation is 

pivotal in ACS and as such CD62P+ PMA which is a sensitive marker of platelet activation is 

the hallmark of ACS. It also supports the notion that PMA formation is dependent on platelet 

activation and that PMA expression and platelet activation follow the same pattern of 

expression. Concomittant aortic and coronary blood sampling in this study demonstrated that 

CD62+PMA were significantly higher in acute coronary syndrome compared to stable angina 

indicating overspill of activated PMA generated at the site of plaque rupture from coronary to 

aorta. The fact that the NSTE-ACS patients were studied, blood sampling and IMR 

measurements, 2-4 days after the onset of symptoms whilst receiving treatment with anti-

platelet and anti-coagulant medications may have altered the expression of total PMA and 

contributed to our observations that total PMA did not differ between the 2 groups. This may 

also explain the fact that only Pw was higher in the ACS group compared to the SA group 

whilst IMR and CFR did not differ between the 2 groups. The latter is probably due to sample 

size. 

During ACS, PMA formation at the site of plaque rupture with subsequent monocyte 

activation and cytokine release may contribute to the impairment of microcirculatory flow. 

Ko et al have found increased levels of soluble CD40 ligand, IL-6, serotonin, TF and factor 

VII in the culprit coronary artery compared to those in peripheral blood (29). Also a positive 

relationship between inflammatory markers (IL6 and CRP) and markers of platelet activation 

like P-selectin and PMA has been demonstrated by Wang et al (30). Takahashi et al have 



showed that neutrophilia on admission is associated with impaired microvascular reperfusion 

and poor functional recovery in patients with myocardial infarction treated with primary PCI. 

Similar finding were found by Sezer et al (31) who showed that neutrophilia and higher mean 

platelet volume were found to be associated with higher IMR, lower CFR and higher 

coronary wedge pressure in patients with ACS treated with PCI. The results of our study are 

in line with the above findings. Both total PMA and CD62P+ PMA correlated positively with 

the coronary wedge pressure in the ACS patients. Also IMR correlated positively with total 

PMA. Contrary to the above, in the SA group IMR and Pw correlated positively with total 

PMA only but not with CD62P+ PMA.  

Clinical studies in animal models, with coronary artery occlusion and reperfusion, have 

shown that administration of recombinant monoclonal PSGL-1 antibodies targeting the P-

selectin-PSGL interaction results in inhibition of leukocyte-platelet and leukocyte-endothelial 

binding with subsequent improvement of reperfusion in addition to the reduction of the 

infarct size (32-34). However in human beings administration of recombinant PSGL in 

patients with STEMI as an adjunct to thrombolysis have failed to improve clinical outcomes 

like TIMI flow, infarct size and mortality (35). This can be explained by the fact that in both 

studies the recombinant antibody was given intravenously and as such may have failed to 

reach the coronary circulation. This is because the recombinant antibody was human antibody 

and as such was probably absorbed by the antibody receptors expressed on the macrophages 

in the liver and spleen. Recently, Tardif et al have shown that intravenous administration of a 

P-selectin antagonist (inclacumab) in patients with ACS scheduled for PCI reduce myocardial 

damage (36). They found that peak Troponin I and creatine kinase reduced by 23%. Our 

findings may explain the mechanism behind the above positive findings. This raises the 

possibility that PMA may contribute to the pathophysiology of microvascular dysfunction via 

exaggerating and sustaining platelet activation and coagulation cascade in addition to 



perpetuating local coronary inflammation. Therefore, targeting PMA formation in ACS may 

interrupt the platelet-monocyte interactions and limit intra-coronary inflammation and 

thrombus formation. 

 

Conclusions 

In conclusion PMA are increased in patients with ACS compared with stable angina with 

CD62P+ PMA being a hallmark of ACS. PMA and CD62P+ PMA correlated positively with 

indices of microvascular dysfunction. Hence PMA may represent a marker of both platelet 

activation and microvascular dysfunction.  



Reference List 
 
 (1)  Fearon WF, Balsam LB, Farouque HMO, Robbins RC, Fitzgerald PJ, Yock PG, 

Yeung AC. Novel index for invasively assessing the coronary microcirculation. 

Circulation 2003 Jul 1;107(25):3129-32. 

 (2)  Debruyne B, Bartunek J, Sys SU, Pijls NHJ, Heyndrickx GR, Wijns W. Simultaneous 

coronary pressure and flow velocity measurements in humans - Feasibility, 

reproducibility, and hemodynamic dependence of coronary flow velocity reserve, 

hyperemic flow versus pressure slope index, and fractional flow reserve. Circulation 

1996 Oct 15;94(8):1842-9. 

 (3)  Pijls NHJ, De Bruyne B, Smith L, Aarnoudse W, Barbato E, Bartunek J, Bech GJ, 

Van De Vosse F. Coronary thermodilution to assess flow reserve - Validation in 

humans. Circulation 2002 May 28;105(21):2482-6. 

 (4)  Fearon WF, Shah M, Ng M, Brinton T, Wilson A, Trernmel JA, Schnittger I, Lee DP, 

Vagelos RH, Fitzgerald PJ, Yock PG, Yeung AC. Predictive value of the index of 

microcirculatory resistance in patients with ST-segment elevation myocardial 

infarction. Journal of the American College of Cardiology 2008 Feb 5;51(5):560-5. 

 (5)  Payne AR, Berry C, Doolin O, McEntegart MB, Woodward R, Saul A, Robb S, Ptriw 

C, Foed I, Oldroyd K. Myocardial Salvage During Primary Pci Can be Predicted in 

the Cath Lab. Heart 2011 Jun;97:A73-A74. 

 (6)  Yoo SH, Yoo TK, Lim HS, Kim MY, Koh JH. Index of Microcirculatory Resistance 

as Predictor for Microvascular Functional Recovery in Patients with Anterior 

Myocardial Infarction. Journal of Korean Medical Science 2012 Sep;27(9):1044-50. 

 (7)  McGeoch R, Watkins S, Berry C, Steedman T, Davie A, Byrne J, Hillis S, Lindsay M, 

Robb S, Dargie H, Oldroyd K. The Index of Microcirculatory Resistance Measured 

Acutely Predicts the Extent and Severity of Myocardial Infarction in Patients With 

ST-Segment Elevation Myocardial Infarction. Jacc-Cardiovascular Interventions 2010 

Jul;3(7):715-22. 

 (8)  Cuisset T, Hamilos M, Melikian N, Wyffels E, Sarnia J, Sarno G, Barbato E, 

Bartunek J, Wijns W, De Bruyne B. Direct stenting for stable angina pectoris is 

associated with reduced periprocedural microcirculatory injury compared with 

stenting after pre-dilation. Journal of the American College of Cardiology 2008 Mar 

18;51(11):1060-5. 

 (9)  Layland JJ, Whitbourn RJ, Burns AT, Somaratne J, Leitl G, MacIsaac AI, Wilson A. 

The index of microvascular resistance identifies patients with periprocedural 

myocardial infarction in elective percutaneous coronary intervention. Heart 2012 

Oct;98(20):1492-7. 

 (10)  Galkina E, Ley K. Double jeopardy - How soluble P-selectin activates leukocytes in 

peripheral arterial occlusive disease. Circulation Research 2006 Jan 6;98(1):12-4. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeung%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=12821539
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bech%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=12034653
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20De%20Vosse%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12034653
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schnittger%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18237685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=18237685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vagelos%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=18237685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzgerald%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=18237685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yock%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=18237685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeung%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=18237685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hillis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20650433
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lindsay%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20650433
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robb%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20650433
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dargie%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20650433
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oldroyd%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20650433


 (11)  Neumann FJ, Marx N, Gawaz M, Brand K, Ott I, Rokitta C, Sticherling C, Meinl C, 

May A, Schömig A. Induction of cytokine expression in leukocytes by binding of 

thrombin-stimulated platelets. Circulation 1997 May 20;95(10):2387-94. 

 (12)  Hahne M, Jager U, Isenmann S, Hallmann R, Vestweber D. 5 Tumor Necrosis Factor-

Inducible Cell-Adhesion Mechanisms on the Surface of Mouse Endothelioma Cells 

Mediate the Binding of Leukocytes. Journal of Cell Biology 1993 May;121(3):655-

64. 

 (13)  Michelson AD, Barnard MR, Hechtman HB, MacGregor H, Connolly RJ, Loscalzo J, 

Valeri CR. In vivo tracking of platelets: Circulating degranulated platelets rapidly lose 

surface P-selectin but continue to circulate and function. Proceedings of the National 

Academy of Sciences of the United States of America 1996 Oct 15;93(21):11877-82. 

 (14)  Celi A, Pellegrini G, Lorenzet R, Deblasi A, Ready N, Furie BC, Furie B. P-Selectin 

Induces the Expression of Tissue Factor on Monocytes. Proceedings of the National 

Academy of Sciences of the United States of America 1994 Sep 13;91(19):8767-71. 

 (15)  Furman MI, Benoit SE, Barnard MR, Valeri CR, Borbone ML, Becker RC, Hechtman 

HB, Michelson AD. Increased platelet reactivity and circulating monocyte-platelet 

aggregates in patients with stable coronary artery disease. Journal of the American 

College of Cardiology 1998 Feb;31(2):352-8. 

 (16)  Ott I, Neumann FJ, Gawaz M, Schmitt M, Schomig A. Increased neutrophil-platelet 

adhesion in patients with unstable angina. Circulation 1996 Sep 15;94(6):1239-46. 

 (17)  Furman MI, Barnard MR, Krueger LA, Fox ML, Shilale EA, Lessard DM, Marchese 

P, Frelinger AL 3rd, Goldberg RJ, Michelson AD. Circulating monocyte-platelet 

aggregates are an early marker of acute myocardial infarction. Journal of the 

American College of Cardiology 2001 Oct;38(4):1002-6. 

 (18)  Li NL, Hu H, Lindqvist M, Wikstrom-Jonsson E, Goodall AH, Hjemdahl P. Platelet-

leukocyte cross talk in whole blood. Arteriosclerosis Thrombosis and Vascular 

Biology 2000 Dec;20(12):2702-8. 

 (19)  Sprague DL, Sowa JM, Elzey BD, Ratliff TL. The role of platelet CD154 in the 

modulation in adaptive immunity. Immunologic Research 2007;39(1-3):185-93. 

 (20)  Martins PAD, van Gils JM, Mol A, Hordijk PL, Zwaginga JJ. Platelet binding to 

monocytes increases the adhesive properties of monocytes by up-regulating the 

expression and functionality of beta(1) and B-2 integrins. Journal of Leukocyte 

Biology 2006 Mar;79(3):499-507. 

 (21)  Yago T, Tsukuda M, Minami M. P-selectin binding promotes the adhesion of 

monocytes to VCAM-1 under flow conditions. Journal of Immunology 1999 Jul 

1;163(1):367-73. 

 (22)  Atarashi K, Hirata T, Matsumoto M, Kanemitsu N, Miyasaka M. Rolling of Th1 cells 

via p-selectin glycoprotein ligand-1 stimulates LFA-1-Mediated cell binding to 

ICAM-1. Journal of Immunology 2005 Feb 1;174(3):1424-32. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sticherling%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9170401
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meinl%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9170401
http://www.ncbi.nlm.nih.gov/pubmed/?term=May%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9170401
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sch%C3%B6mig%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9170401
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hechtman%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=9462579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hechtman%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=9462579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michelson%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=9462579
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marchese%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11583872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marchese%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11583872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frelinger%20AL%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=11583872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goldberg%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=11583872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michelson%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=11583872


 (23)  Wang JH, Zhang SZ, Jin YP, Qin GM, Yu L, Zhang JN. Elevated levels of platelet-

monocyte aggregates and related circulating biomarkers in patients with acute 

coronary syndrome. International Journal of Cardiology 2007 Feb 14;115(3):361-5. 

 (24)  Botto N, Sbrana S, Trianni G, Andreassi MG, Ravani M, Rizza A, Al-Jabri A, 

Palmieri C, Berti S. An increased platelet-leukocytes interaction at the culprit site of 

coronary artery occlusion in acute myocardial infarction: A pathogenic role for "no-

reflow" phenomenon? International Journal of Cardiology 2007 Apr 12;117(1):123-

30. 

 (25)  Patel PB, Pfau SE, Cleman MW, Brennan JJ, Howes C, Remetz M, Cabin HS, Setaro 

JF, Rinder HM. Comparison of coronary artery specific leukocyte-platelet conjugate 

formation in unstable versus stable angina pectoris. American Journal of Cardiology 

2004 Feb 15;93(4):410-3. 

 (26)  Bournazos S, Rennie J, Hart SP, Fox KAA, Dransfield I. Monocyte functional 

responsiveness after PSGL-1-mediated platelet adhesion is dependent on platelet 

activation status. Arteriosclerosis Thrombosis and Vascular Biology 2008 Aug 

1;28(8):1491-8. 

 (27)  Taylor J. Updated ESC Guidelines for managing patients with suspected non-ST-

elevation acute coronary syndromes. European Heart Journal 2011 Dec;32(23):2909-

10. 

 (28)  Majumder B, North J, Mavroudis C, Rakhit R, Lowdell MW. Toward new insights on 

the white blood cell differential by flow cytometry: A proof of concept study on the 

sepsis model. Cytometry Part B-Clinical Cytometry 2012 Nov;82B(6):353-9. 

 (29)  Ko YG, Jung JH, Park S, Choi E, Joung B, Hwang KC, Ha JW, Choi D, Jang Y, 

Chung N, Shim WH, Cho SY. Inflammatory and vasoactive factors in the aspirate 

from the culprit coronary artery of patients with acute myocardial infarction. 

International Journal of Cardiology 2006 Sep 10;112(1):66-71. 

 (30)  Wang JH, Zhang SZ, Jin YP, Qin GM, Yu L, Zhang JN. Elevated levels of platelet-

monocyte aggregates and related circulating biomarkers in patients with acute 

coronary syndrome. International Journal of Cardiology 2007 Feb 14;115(3):361-5. 

 (31)  Sezer M, Okcular I, Goren T, Oflaz H, Nisanci Y, Umman B, Mercanoglu F, Bilge 

AK, Meric M, Umman S. Association of haematological indices with the degree of 

microvascular injury in patients with acute anterior wall myocardial infarction treated 

with primary percutaneous coronary intervention. Heart 2007 Mar;93(3):313-8. 

 (32)  Kumar A, Villani MP, Patel UK, Keith JC, Schaub RG. Recombinant soluble form of 

PSGL-1 accelerates thrombolysis and prevents re-occlusion in a porcine model. 

Circulation 1999 Mar 16;99(10):1363-9. 

 (33)  Wang K, Zhou XR, Zhou ZM, Tarakji K, Qin JX, Sitges M, Shiota T, Forudi F, 

Schaub R. G, Kumar A, Penn M. S, Topol E, Lincoff A M.et al. Recombinant soluble 

P-selectin glycoprotein ligand-Ig (rPSGL-Ig) attenuates infarct size and 

myeloperoxidase activity in a canine model of ischemia-reperfusion. Thrombosis and 

Haemostasis 2002 Jul;88(1):149-54. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Jabri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16890311
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palmieri%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16890311
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16890311
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cabin%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=14969612
http://www.ncbi.nlm.nih.gov/pubmed/?term=Setaro%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=14969612
http://www.ncbi.nlm.nih.gov/pubmed/?term=Setaro%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=14969612
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rinder%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=14969612
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ha%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=16309761
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16309761
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16309761
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16309761
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shim%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=16309761
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=16309761
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mercanoglu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16940390
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bilge%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=16940390
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bilge%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=16940390
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meric%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16940390
http://www.ncbi.nlm.nih.gov/pubmed/?term=Umman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16940390
http://vivo.scripps.edu/display/endnote370623
http://vivo.scripps.edu/display/endnote49972
http://vivo.scripps.edu/display/endnote291728
http://vivo.scripps.edu/display/TopolEric
http://vivo.scripps.edu/display/endnote145962


 (34)  Hansen A, Kumar A, Wolf D, Frankenbergerova K, Filusch A, Gross ML, Mueller S, 

Katus H, Kuecherer H. Evaluation of cardioprotective effects of recombinant soluble 

P-selectin glycoprotein ligand-immunoglobulin in myocardial ischemia-reperfusion 

injury by real-time myocardial contrast echocardiography. Journal of the American 

College of Cardiology 2004 Aug 18;44(4):887-91. 

 (35)  Mertens P, Maes A, Nuyts J, Belmans A, Desmet W, Esplugas E, Charlier F, Figueras 

J, Sambuceti G, Schwaiger M, Mortelmans L, Van de Werf F; PSALM investigators.. 

Recombinant P-selectin glycoprotein ligand-immunoglobulin, a P-selectin antagonist, 

as an adjunct to thrombolysis in acute myocardial infarction. The P-Selectin 

Antagonist Limiting Myonecrosis (PSALM) trial. American Heart Journal 2006 

Jul;152(1). 

 (36)  Tardif JC, Tanguay JF, Wright SS, Duchatelle V, Petroni T, Gregoire JC, Ibrahim R, 

Heinonen TM, Robb S, Bertrand OF, Cournoyer D, Johnson D, Mann J, Guertin MC, 

L'Allier PL.. Effects of the P-Selectin Antagonist Inclacumab on Myocardial Damage 

After Percutaneous Coronary Intervention for Non-ST-Segment Elevation Myocardial 

Infarction Results of the SELECT-ACS Trial. Journal of the American College of 

Cardiology 2013 May 21;61(20):2048-55. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Mueller%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15312876
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katus%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15312876
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuecherer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15312876
http://www.ncbi.nlm.nih.gov/pubmed/?term=Charlier%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figueras%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figueras%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sambuceti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schwaiger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mortelmans%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20de%20Werf%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16824841
http://www.ncbi.nlm.nih.gov/pubmed/?term=PSALM%20investigators%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ibrahim%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heinonen%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robb%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertrand%20OF%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cournoyer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guertin%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=23500230
http://www.ncbi.nlm.nih.gov/pubmed/?term=L'Allier%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=23500230


Figure legends 

Figure 1 Higher expression of CD62P+ PMA, but not total PMA, in the acute coronary 

syndrome (ACS) compared with the stable angina (SA) group in the coronary and aorta. 

 (Total PMA expressed as % of monocytes and CD62P+ PMA as % of total PMA). PMA 

(platelet monocyte aggregates). Comparisons were performed using the Mann-Whitney U 

test. 

Figure 2 Higher coronary wedge pressure (Pw) in the acute coronary (ACS) compared with 

the stable angina (SA) group. The index of microvascular resistance (IMR) did not differ in 

the two groups. Comparisons were performed using the Mann-Whitney U test. 



Error! Not a valid link. 

Table 1. Baseline characteristics, demographics and angiographic data of the study groups. 

CHD (coronary heart disease), ACS (acute coronary syndrome) 

 

ACS ACS SA SA

PMA vs Pw CD62 + PMA vs Pw PMA vs IMR CD62 + PMA vs IMR PMA vs Pw CD62 + PMA vs Pw PMA vs IMR CD62 + PMA vs IMR

1/slope 4.865 1.438 3.053 -1.174 5.09 2.344 2.971 -2.569

R square 0.3503 0.4603 0.462 0.3183 0.2342 0.07371 0.2823 0.1726

P value 0.0097 0.0076 0.0106 0.0893 0.0306 0.3696 0.0192 0.1096  

Table 2. The table above shows the linear regression analysis including p values of the 

PMA/CD62P+PMA, in the three sites, and indices of microvascular dysfunction. Platelet 

monocyte aggregates (PMA), Coronary wedge pressure (Pw), Index of microvascular 

resistance (IMR) 
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Figure 1 Higher expression of CD62P+ PMA in the acute coronary syndrome compared with 

the stable angina. 
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Figure 2 Higher coronary wedge pressure (Pw) in the acute coronary syndrome compared 

with stable angina. 

 


