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Abstract: Aims:
Microparticles (MPs) are submicron vesicles, released from activated, and apoptotic
cells. MPs are shown to be elevated in the circulation of patients with coronary artery
disease (CAD) and have pro-thrombotic potential. However, limited data exists on MP
signature over time following an acute coronary event.
Methods & Results:
Circulating total annexin v+ (Anv+) MPs of endothelial (EMP), platelet (PMP),
monocyte (MMP), neutrophil (NMP) and smooth muscle cell (SMMP) originwere
quantified by flow cytometry. 13 patients with acute coronary syndrome (ACS) were
prospectively enrolled and 12 patients with stable angina (SA) were included as a
comparator group. A panel of MP was measured at baseline, after percutaneous
coronary intervention (PCI) and at days 1, 7, 30 and 6 months. Intra & inter group
comparison was made between various time points. MP mediated thrombin generation
was measured by recording lag phase, velocity index, peak thrombin and endogenous
thrombin potential at these time points and compared with healthy controls.The total
AnV+ MP levels were similar in ACS and SA groups at baseline, peaked immediately
after PCI and were at their lowest on day 1. PMP & EMP levels remained significantly
elevated in ACS patients at 6 months when compared to SA. No such difference was
noted with NMP, MMP and SMMP. Patients with coronary artery disease showed
abnormal thrombograms when compared to controls. Peak thrombin (nano moles) was
significantly higher in CAD when compared to controls (254 IQR [226, 239] in ACS,
255 IQR [219, 328] in SA and 132 IQR [57, 252] in controls; p = 0.006). Differences in
thrombin generation between ACS and SA were not significant  (p=1). Furthermore,
thrombin parameters remained abnormal in ACS & SA patients at 6 months.
Conclusions:
Total MP and individual MP phenotypes were significantly elevated after PCI reflecting
endothelial injury. Elevated PMP and EMP levels at 6 months in ACS patients is
suggestive of on-going inflammation, endothelial injury and may explain on-going pro-
thrombogenicity seen up to 6 months after ACS despite dual antiplatelet therapy.
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Highlights: 

Microparticles (MPs) released in patients with coronary artery disease 

have prothrombotic potential. The fate of MPs released following acute 

coronary syndrome is not known. 

MPs and their prothrombotic potential measured by thrombin generation 

assay were assayed at various time points for up to 6 months following index 

presentation.  

Platelet derived & Endothelial derived MPs remained significantly elevated 

in patients presenting with acute coronary syndrome at 6 months.  

Patients with CAD showed abnormal thrombograms when compared to 

controls.  
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Persistent circulating platelet and endothelial derived microparticle 

signature may explain on-going pro-thrombogenicity after acute 

coronary syndrome. 
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Essentials: 

Microparticles (MPs) released in patients with coronary artery disease 

have prothrombotic potential. The fate of MPs released following acute 

coronary syndrome is not known. 

MPs and their prothrombotic potential measured by thrombin generation 

assay were assayed at various time points for up to 6 months following index 

presentation.  

Platelet derived & Endothelial derived MPs remained significantly elevated 

in patients presenting with acute coronary syndrome at 6 months.  

Patients with CAD showed abnormal thrombograms when compared to 

controls.  
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Aims: 

Microparticles (MPs) are submicron vesicles, released from activated, and 

apoptotic cells. MPs are elevated in the circulation of patients with coronary 

artery disease (CAD) and have pro-thrombotic potential. However, limited 

data exists on MP signature over time following an acute coronary event. 

Methods & Results: 

Circulating total annexin v+ (Anv+) MPs of endothelial (EMP), platelet (PMP), 

monocyte (MMP), neutrophil (NMP) and smooth muscle cell (SMMP) origin 

were quantified by flow cytometry. 13 patients with acute coronary syndrome 

(ACS) were prospectively enrolled and 12 patients with stable angina (SA) 

were included as a comparator group. A panel of MP was measured at 

baseline, after percutaneous coronary intervention (PCI) and at days 1, 7, 30 

and 6 months. Intra & inter group comparison was made between various 

time points. MP mediated thrombin generation was measured by recording 

lag phase, velocity index, peak thrombin and endogenous thrombin potential 

at these time points and compared with healthy controls. The total AnV+ MP 

levels were similar in ACS and SA groups at baseline, peaked immediately 

after PCI and were at their lowest on day 1. PMP & EMP levels remained 

significantly elevated in ACS patients at 6 months when compared to SA. No 

such difference was noted with NMP, MMP and SMMP. Patients with 

coronary artery disease showed abnormal thrombograms when compared to 

controls. Peak thrombin (nano moles) was significantly higher in CAD when 

compared to controls (254 IQR [226, 239] in ACS, 255 IQR [219, 328] in SA 

and 132 IQR [57, 252] in controls; p = 0.006). Differences in thrombin 

generation between ACS and SA were not significant  (p=1). Furthermore, 

thrombin parameters remained abnormal in ACS & SA patients at 6 months. 

Conclusions: 

Total MP and individual MP phenotypes were significantly elevated after PCI 

reflecting endothelial injury. Elevated PMP and EMP levels at 6 months in 

ACS patients is suggestive of on-going inflammation, endothelial injury and 

may explain on-going pro-thrombogenicity seen up to 6 months after ACS 

despite dual antiplatelet therapy. 
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Introduction: 

Atherosclerotic coronary artery disease (CAD) is a pro-inflammatory and pro-

coagulant condition (1, 2). CAD remains a major cause of mortality and 

morbidity across the world (3). Furthermore, recurrence of coronary events 

due to progression of de novo disease in patients with a history of CAD 

remains high (4, 5). Better risk stratification and aggressive secondary 

prevention tailored to the individual is required to combat this problem as we 

now know significant individual variation exists in the disease phenotype. 

Development of novel biomarkers may yield patient specific information 

reflecting the underlying pathophysiologic process of CAD. The concepts of 

“vulnerable patient” has been proposed in place of “vulnerable plaque” to 

better risk stratify individuals at a high risk of adverse cardiovascular events. 

The triad of vulnerable plaque, vulnerable blood and vulnerable myocardium 

can characterize the vulnerable patient; the vulnerability in blood is derived 

from a hypercoagulable state (6). Over the last two decades, emerging data 

has demonstrated the role of sub-micron vesicles called microparticles (MPs) 

in mediating inflammation (7) in atherosclerotic CAD (8). MPs are cell 

membrane-derived particles released from activated or apoptotic cells (9) and 

have been shown to be elevated in the circulation of patients with CAD (10) 

but no information exists regarding their long-term clearance following an 

acute event. The biological function of MPs depends upon the parent cell they 

originate from (11). Broadly they have a role in inflammation & coagulation 

(12, 13), endothelial dysfunction, angiogenesis(14) and microvascular 

dysfunction (15). We hypothesized that the levels of circulating endothelial 

derived (EMP), platelet derived (PMP), neutrophil derived (NMP), monocyte 

derived (MMP) and smooth muscle cell derived (SMMP) MPs in acute 

coronary syndrome (ACS) are dynamic. Furthermore we sought to assess MP 

mediated thrombin generation as a quantifiable measure of their pro-

thrombotic potential. The evaluation of MP expression over time and their pro-

thrombotic potential may have a role as a biomarker aiding in better patient 

risk stratification and represent a future therapeutic target. 
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Methods: 

13 patients with ACS scheduled for invasive angiography and percutaneous 

coronary intervention (PCI) were included in the study. 12 patients with SA 

were recruited as a comparator group. PCI was done with contemporary drug 

eluting stents. Ethical approval was obtained from London – Stanmore 

research ethics committee. Informed consent was obtained from every patient 

prior to participation in the study. Blood was collected for MP analysis and 

thrombin generation assay (TGA) immediately pre and post PCI, on days 

1,7,30 and 180. For comparative purposes the TGA was also analysed from 

an age-matched control group with no CAD. 

MP assessment: 

Dual antiplatelet therapy with Aspirin and Clopidogrel or Ticagrelor was given 

according to global risk for cardiovascular events (GRACE) score (16). Pre- 

PCI samples were collected before the administration of unfractionated 

heparin or GP IIb/IIIa antagonists. In addition, ACS patients received 

treatment with Low molecular weight heparin (LMWH) up until PCI. However, 

where clinically possible we ensured that there was a delay of 12 hours 

between the last dose of LMWH and blood collection to minimise any potential 

effect on TGA levels. 

Venous blood from antecubital vein was collected pre (V1) and post PCI (V2) 

and on days 1 (V3), 7 (V4), 30 (V5) and 180 (V6) in citrate bottles. The 

collected blood was centrifuged twice – first to isolate platelet pellet and once 

more after discarding platelet pellet to obtain platelet poor plasma (PPP) and 

then stored at -80oC until analysed by flow cytometry using the BD FACS 

CaliburTM Cell Analyzer. Particles <1.1μl in size and binding annexin V+ were 

selected for analysis. Double and triple staining was used to define MP 

subpopulations to identify their cellular origin. PMPs (activated) were defined 

as AnV+/CD42a+/CD62P+, activated EMPs were defined as AnV+/CD42a-

/CD105+ or CD31+ or CD54+ or CD62E+ or CD31+, activated NMPs were 

defined as AnV+/CD42a-/CD66b+, MMP with tissue factor (TF) expression 

were defined as AnV+/TF+/CD14+ and SMMPs as AnV+/CD42a-/NG2+. Data 

collected was analysed with FlowJo software (version 8.8.3; Tree Star, Inc., 

OR, USA). The gating and flow cytometry strategies are shown in figure 1 and 

in supplement. 
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Microparticle mediated thrombin generation assay (TGA): 

The procedure for blood collection, storage and preparation for assay was 

similar to MP assessment. MPs were sedimented from PPP and resuspended 

in 200 μl of control microparticle-free plasma (MPFP) containing 30 mg/mL of 

corn trypsin inhibitor (Sigma) to inhibit contact activation. The MPFP was 

prepared from approximately 50 μl plasma obtained from healthy volunteers. 

Subsequently, 40 μl of MPs resuspended in control MPFP was added to the 

plate well, followed by 50 μl of calcium-fluorogenic substrate (0.5 mmol/L of Z-

G-G-R-AMC and 7.5 mmol/L of calcium final concentrations (Pathway 

Diagnostics). No exogenous TF or phospholipids were added. The thrombin 

generated was measured by fluorogenic excitation/emission at 360/460 nm at 

1-minute time intervals for 60 minutes in an Optima fluorescence plate reader 

(BMG). Measures of peak thrombin, lag time, velocity index, and endogenous 

thrombin potential were recorded. As patients with ACS were treated with low 

molecular weight heparin a time delay of at least 12 hours was maintained 

after the last dose of LMWH before aspirating blood so that there are no 

errors in interpreting thrombin generation assay. TGA was not interpretable on 

immediate post PCI samples due to administration of systemic Heparin and 

hence excluded from analysis. 

Statistics: 

Normally distributed data were presented as mean ± SD. Non-parametric data 

were reported as median and interquartile range (IQR).  Categorical variables 

were compared with chi-square or Fisher’s exact test, as appropriate. All 

numeric parameters of interest were measured on continuous scales. As the 

same patients were assessed at the different time points, the analysis was 

performed using multilevel linear regression. Two-level models were used 

with individual measurements contained within patients. Variables with 

positively skewed distributions were log transformed before analysis.  

Analyses were performed for all patients combined, and then separately for 

ACS and SA patients. 

Additional analyses compared between the thrombin parameters at the first 

time point between the patient groups and a control group. The analyses were 

performed using Analysis of Variance (ANOVA). Variables with skewed 
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distributions were analysed on a log scale. In addition to an overall 

comparison of the three groups, post-hoc tests were used to compare 

between each pair of groups. The p-values from these post-hoc comparisons 

were given a Bonferroni adjustment to allow for an increased risk of finding a 

statistically significant result due to multiple comparisons.  

The strength of association between the microparticle measurements and the 

thrombin variables was performed using Spearman’s rank correlation (due to 

the skewed distribution of the microparticle measurements (and some of the 

thrombin variables). Analyses were performed for the values at each 

timepoint. 

 

Results: 

Patient characteristics: 

The majority of the patients across both groups were male. More numbers of 

patients in the ACS group were on statins. Both groups were evenly matched 

for other variables (Table-1). 

Total Microparticles: 

At all time points except immediately post PCI total MPs were numerically 

higher in the ACS group (Figure 2). The time points at which MPs were at 

their peak and nadir were immediately post PCI and on day 1 post PCI 

respectively. The results are as follows with values of microparticles in 

100,000s and presented in median and interquartile range (IQR). In the ACS 

group, the levels of total AnV+MPs at baseline, post PCI, days 1, 7, 30 & 180 

post PCI were 306 (270, 360), 728 (226, 1043), 114 (55, 264), 343 (192, 609), 

117 (60, 206) and 245 (109, 354) respectively; p =0.007. In SA group the 

levels of total AnV+MPs at baseline, post PCI, days 1, 7, 30 & 180 post PCI 

were 202 (63, 502), 962 (422, 1323), 88 (40, 251), 294 (172, 951), 92 (44, 

157) and 165 (77, 490) respectively; p<0.001. 

Individual MP Phenotypes: 

PMPs: 

A trend similar to total AnV+ MPs was also noted with PMPs (Figure 3). In the 

ACS group the levels of activated PMPs at six months were higher than the 

SA group; 3.6 (1.2, 6.7) vs. 0.7 (0.4, 2.7); p=0.03. 
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EMPs: 

Similar results to PMPs were also noted with CD62E+ and CD54+ EMPs 

(Figure 4 and 5, respectively). Levels of CD62E+ EMPs were higher in the 

ACS group when compared to the SA group at six months – 11.9 (4.7, 29.0) 

vs. 3.4 (1.8, 6.7); p=0.02. Levels of CD54+ EMPs were also higher in the ACS 

cohort when compared to SA cohort – 9.9 (3.8, 18.7) vs. 2.6 (0.7, 5.2); 

p=0.008. 

NMPs, MMPs, & SMMPs: 

The levels of NMPs, MMPs and SMMPs were similar between groups with no 

statistical difference. Full results are given in supplementary index. 

MP mediated TGA: 

MP mediated TGA at various time points revealed abnormal lag phase, peak 

thrombin, velocity index and endogenous thrombin potential as reflected by 

area under curve (AUC) in both ACS and SA groups compared to healthy 

controls. A separate comparative analysis of TGA with healthy controls at 

baseline showed significantly abnormal thrombograms in the ACS and SA 

cohort. Comparison with healthy controls was only carried out at baseline and 

not at any other time points. AUC, a measure of endogenous thrombin 

generation potential, at baseline for ACS, SA and control groups was 3411 

(685), 3726 (751) and 2334 (1319) respectively (p=0.006).  

Correlation between MPs and TGA: 

The results suggested significant positive correlation between thrombin 

parameters and MPs from the first venous sample obtained pre PCI. In the 

ACS cohort significant correlation was noted between total MPs with velocity 

index (r= 0.672, p=0.035). In the SA cohort there was significant correlation 

between total MPs with AUC (r= 0.636, p=0.035), CD62P with thrombin (r= 

0.627, p=0.039 and AUC (r= 0.755, p=0.007), CD62E, CD54 and SMMP with 

AUC (r= 0.655, p= 0.029; r= 0.664, p=0.02; r= 0.809, p=0.003) respectively.  

Discussion: 

MPs were previously shown to be elevated in CAD; more so in ACS than SA 

and were associated with adverse outcomes (10, 17, 18). MPs were also 

shown to correlate with inflammatory markers such as Interleukin - 6 and C-

reactive protein in previous studies (18-20). This, in addition to lab based 

studies demonstrating the capability of MPs to act as transporters for micro 
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RNAs, lends further credence to their role in CAD (21-23). Although MPs are 

known to be elevated at the time of the index event in ACS patients (24), no 

information exists regarding the balance on production and clearance post 

ACS. Studies in the past quantified the levels of MPs post PCI but not beyond 

48 hours (24, 25). By carrying out serial quantification of MPs to 6 months we 

have demonstrated that production and clearance of MPs is dynamic in 

patients with CAD. MPs were higher following index event in ACS patients 

though statistically not significant when compared to the SA cohort. This 

finding perhaps reflects the chronic inflammatory state seen in CAD, with an 

elevated baseline level of MPs secondary to on-going apoptosis or 

cellular/platelet activation. Following the index event in ACS, a spike in MPs 

occurs due to activation of various cells. This is evident by the fact that in the 

SA cohort total and individual phenotypes of various MPs returned to near 

baseline levels in the longer term. Furthermore, we observed the levels of 

MPs to be dynamic at various time points. Our study has shown higher 

individual phenotypes of MPs in the ACS cohort at 6 months when compared 

to the SA cohort despite antiplatelet drugs and high dose statins. The 

individual phenotypes of MPs that were elevated at 6 months in the ACS 

cohort when compared to the SA cohort were CD54+ EMPs, CD62E+ EMPs 

and CD62P+PMPs. These findings suggest on-going endothelial injury across 

both cohorts of patients, though significantly more in the ACS cohort.  

Previous studies demonstrated that constitutively expressed EMPs (CD31+, 

CD105) were elevated in relation to apoptosis where as inducible EMPs 

(CD62E, CD54 & CD106) were elevated in activation (26). Thus CD62E 

EMPs expressed on activated endothelium (27) is likely to be reflective of on-

going endothelial injury in ACS patients, either directly related to the index 

lesion causing the ACS, and/or from areas of activated endothelium remote 

from the index lesion. Similarly, CD54 or intercellular adhesion cell molecule 

(ICAM-1), expressed on activated endothelial cells and activated monocytes, 

is reflective of underlying inflammation. CD31 or platelet endothelial adhesion 

cell molecule (PECAM) is expressed on platelets, monocytes and on 

endothelial cells particularly in apoptosis, has a role in angiogenesis and in 

neutrophil recruitment (28 - 31). We have also characterised SMMPs and 

found no difference between two groups at any of the time points. The clinical 
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importance of these elevated MPs at 6 months need to be explored further in 

a large cohort of patients as data relating to prognostic importance of 

activated platelets and certain phenotypes of MPs following acute coronary 

event is emerging (32-34) 

 

Another observation we made was higher total and individual phenotypes of 

MPs following PCI. Boos et al, also noted elevated markers of endothelial 

damage/ dysfunction in their study following PCI but not coronary angiography 

(35). In the present study the levels were particularly high in the SA cohort, 

decreased levels of MPs and thrombin parameters were seen on day 1 and 

higher  MPs along with  thrombin parameters were seen at 6 months 

suggesting the role of underlying inflammation. In their respective studies 

Biasucci et al & Inoue et al also noted similar response(24, 25).  

 

The abnormal TGA was also worthy of note: thrombin generation remained 

abnormal at 6 months with shorter lag time and higher thrombin in the ACS 

cohort but did not discriminate between ACS and SA. Previous studies have 

shown enhanced thrombin generation in patients with CAD, though correlation 

with MP was not carried out. Borissoff et al showed positive independent 

association between severe coronary atherosclerosis and in vivo thrombin 

generation (36). Another relatively old study from the era when Aspirin was 

still the mainstay of therapy following AMI showed enhanced thrombin 

generation for up to 2 years following myocardial infarction (37). Our study 

has shown that this is still the case despite patients being treated with potent 

secondary prevention regimes. Figueras et al demonstrated greater thrombin 

generation at 10 days in patients who develop angina following AMI or UA 

when compared to other who attain early stability (38). The explanation for 

the findings in our study and observed correlations is uncertain. It may be 

secondary to activated PMPs that are rich in procoagulant phosphatidylserine 

(39). Furthermore, TF present on activated endothelium as reflected by higher 

number of CD54 and CD62E+ EMPs may also be contributing. Larger studies 

with longer follow up may also help us to understand the mechanism behind 
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stent thrombosis and if enhanced thrombogenecity by MPs has any potential 

role. 

 

Limitations: 

Limitations associated with a prospective observational study involving small 

sample size at a single centre are worthy of note. However, the study design 

allowed us to carry out robust analysis of MPs and TGA at various time points 

giving valuable information. The study is underpowered with a limited follow 

up to observe any hard end points. Thus, elevated MPs and abnormal TGA at 

6 months remains an observation and if they have any association with 

recurrent cardiovascular events is not established. Furthermore, the pattern of 

MP clearance in our study also remains an observation and whether 

underlying inflammation and treatment modulates MP release and clearance 

is not proven. Another limitation is use of platelet poor plasma for TGA. 

Platelet poor plasma is a pool of all MP phenotypes thus it was not possible to 

pinpoint which MP fraction contributed most to the thrombogenesis. Finally 

limitations related to technological issues in measuring MPs such as sizing, 

and counting is worthy of note. Another limitation of note is potential bias 

due to usage of using 1 and 3 um beads, as that would have counted 

more events when compared to using smaller beads. Finally data is not 

normalised for platelet MPs as usually they constitute a large 

percentage of total MPs. 

 

Conclusions: 

Our study was successful in demonstrating altered levels and signature of 

MPs at different time points following index event.  Furthermore, our study for 

the first demonstrated persistent excess thrombin generation, with good 

correlation with some individual MP phenotypes, which may explain the 

prolonged prothrombotic state that exists after ACS. Our study also questions 

the adequacy of current preventive therapy. Studies with large number of 

participants are required to further explore if MPs have a role as biomarker 

and therapeutic target in CAD. 
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 ACS (n=13) SA (n=12) p value 

Age (mean ± SD) 

Male (n, %) 

Diabetes (n, %) 

Hypertension (n, %) 

Hyperlipidaemia (n, %) 

Smoking (n, %) 

Family History of CAD (n, %) 

Previous PCI (n, %) 

Creatinine (umol/L) 

 (Median, IQR) 

Troponin – T (ng/ml) 

(Median, IQR) 

CRP (mg/L) (Median, IQR) 

LVEF (mean ± SD) 

Medications: 

ACE- I / ARB (n, %) 

Beta-blockers (n, %) 

Aspirin (n, %) 

Clopidogrel (n, %) 

Ticagrelor (n, %) 

Statin (n, %) 

Distribution of CAD (n, %): 

1 vessel disease 

2 vessel disease 

3 vessel disease 

 

60.1 ± 8.14 

12 (92.3) 

5 (38.4) 

5 (38.5) 

12 (92.3) 

3 (23.1) 

1 (7.7) 

2 (15.3) 

82.5 (76.25 – 88.50) 

 

0.24 (0.2 - 3.8) 

 

4 (1 - 6.25) 

58.3±5.3 

 

3 (23.1) 

4 (31) 

7 (54) 

11(85) 

2 (15) 

10 (77) 

 

5 (38.5) 

4 (31) 

4 (31) 

56.6±8.9 

11 (91.7) 

2 (16.7) 

4 (33.3) 

8 (67) 

4 (33.3) 

3 (25) 

0 

84 (75.2-87.5) 

 

 

 

 

57.8±8.5 

 

4 (33.3) 

4 (33.3) 

4 (33.3) 

12 (100) 

0 (0) 

4 (33.3) 

 

7 (58.3) 

2 (17) 

3 (25) 

0.32 

0.79 

0.67 

1.0 

0.15 

0.4 

0.65 

0.15 

0.6 

 

 

 

 

0.6 

 

0.82 

1 

0.69 

0.8 

0.1 

0.08 

 

0.2 

0.3 

0.8 

Table 1 – Baseline characteristics for cohort of 25 patients with coronary 

artery disease. M – Male, CAD – Coronary artery disease, PCI – 

Percutaneous coronary intervention, CRP - C-reactive protein, LVEF – left 
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ventricular ejection fraction, ACE – I – Angiotensin converting enzyme 

inhibitors, ARB – Angiotensin receptor blockers, LAD – Left anterior 

descending artery, LCX – Left circumflex artery and RCA – Right coronary 

artery. 

 

 

Figures   

 

 

         

  

Figure 1:  

Flow cytometric analysis of annexin V+ MPs from platelet poor plasma (PPP) 
of a patient with Non ST elevation myocardial infarction (NSTEMI). These are 
post intervention samples from a peripheral vein. 
A) Events shown here are not stained with annexin V and serve as control. 
This, in combination with 1.1μm latex beads is used to determine the gating of 
annexin V+ MPs.  
B) Annexin V+ MPs acquired from PPP of a patient with NSTEMI.  
C) The IgG1k isotype control. 
D) Figure depicting CD31+MPs. 
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Figure 2: Box plots comparing total ANV+ MPs between ACS and SA across 

all time points. Mps are measured /ml 
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Figure 3: AnV+CD42-62P+PMP. As shown in the figure there was significant 

difference in the levels of MPs with in groups. PMP levels were high in ACS 

patients at 6 months when compared to SA. The difference between levels of 

PMPs between ACS and SA at other time points was not significant.  
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Figure 4: AnV+CD42-62E+EMP. As shown in the figure there was a 

significant difference in the levels of MPs within groups. EMP levels were high 

in ACS patients at 6 months when compared to SA. The difference between 

levels of EMPs between ACS and SA at other time points was not significant.  
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Figure 5: AnV+CD42-54+EMP. As shown in the figure there was significant 

difference in the levels of MPs with in groups. EMP levels were high in ACS 

patients at 6 months when compared to SA. The difference between levels of 

EMPs between ACS and SA at other time points was not significant.  
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Essentials: 

Microparticles (MPs) released in patients with coronary artery disease 

(CAD) have prothrombotic potential. The fate of MPs released following acute 

coronary syndrome (ACS) is not known. 

MPs and their prothormbotic potential measured by thrombin generation 

assay were assayed at various time points for up to 6 months following index 

presentation.  

Platelet derived & Endothelial derived MPs remained significantly elevated 

in patients presenting with acute coronary syndrome at 6 months.  

Patients with CAD showed abnormal thrombograms when compared to 

controls.  
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Aims: 

Microparticles (MPs) are submicron vesicles, released from activated, and 

apoptotic cells. MPs are shown to be elevated in the circulation of patients 

with coronary artery disease (CAD) and have pro-thrombotic potential. 

However, limited data exists on MP signature over time following an acute 

coronary event. 

Methods & Results: 

Circulating total annexin v+ (Anv+) MPs of endothelial (EMP), platelet (PMP), 

monocyte (MMP), neutrophil (NMP) and smooth muscle cell (SMMP) origin 

were quantified by flow cytometry. 13 patients with acute coronary syndrome 

(ACS) were prospectively enrolled and 12 patients with stable angina (SA) 

were included as a comparator group. A panel of MP was measured at 

baseline, after percutaneous coronary intervention (PCI) and at days 1, 7, 30 

and 6 months. Intra & inter group comparison was made between various 

time points. MP mediated thrombin generation was measured by recording 

lag phase, velocity index, peak thrombin and endogenous thrombin potential 

at these time points and compared with healthy controls. The total AnV+ MP 

levels were similar in ACS and SA groups at baseline, peaked immediately 

after PCI and were at their lowest on day 1. PMP & EMP levels remained 

significantly elevated in ACS patients at 6 months when compared to SA. No 

such difference was noted with NMP, MMP and SMMP. Patients with 

coronary artery disease showed abnormal thrombograms when compared to 

controls. Peak thrombin (nano moles) was significantly higher in CAD when 

compared to controls (254 IQR [226, 239] in ACS, 255 IQR [219, 328] in SA 

and 132 IQR [57, 252] in controls; p = 0.006). Differences in thrombin 

generation between ACS and SA were not significant  (p=1). Furthermore, 

thrombin parameters remained abnormal in ACS & SA patients at 6 months. 

Conclusions: 

Total MP and individual MP phenotypes were significantly elevated after PCI 

reflecting endothelial injury. Elevated PMP and EMP levels at 6 months in 

ACS patients is suggestive of on-going inflammation, endothelial injury and 

may explain on-going pro-thrombogenicity seen up to 6 months after ACS 

despite dual antiplatelet therapy. 
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Introduction: 

Atherosclerotic coronary artery disease (CAD) is a pro-inflammatory and pro-

coagulant condition (1, 2). CAD remains a major cause of global mortality and 

morbidity (3). Furthermore, recurrence of coronary events due to progression 

of de novo disease in patients with a history of CAD remains high (4, 5). 

Better risk stratification and aggressive secondary prevention tailored to the 

individual is required to combat this problem as we now know significant 

individual variation exists in disease phenotype. Development of novel 

biomarkers may yield patient specific information reflecting the underlying 

pathophysiologic process of CAD. The concept of “vulnerable patient” has 

been proposed in place of “vulnerable plaque” to better risk stratify individuals 

at risk of adverse cardiovascular events. The vulnerable patient can be 

characterized by a triad of vulnerable plaque, vulnerable blood and vulnerable 

myocardium; the vulnerability in blood is derived from a hypercoagulable state 

(6). Over the last two decades, emerging data has demonstrated the role of 

sub-micron vesicles called microparticles (MPs) in mediating inflammation (7) 

in atherosclerotic CAD (8). MPs are cell membrane-derived particles released 

from activated or apoptotic cells (9) and have been shown to be elevated in 

the circulation of patients with CAD (10) but no information exists regarding 

their long-term clearance following an acute event. The biological function of 

MPs depends upon the parent cell they originate from (11). Broadly they have 

a role in inflammation & coagulation (12, 13), endothelial dysfunction, 

angiogenesis(14) and microvascular dysfunction (15). We hypothesized that 

the levels of circulating endothelial derived (EMP), platelet derived (PMP), 

neutrophil derived (NMP), monocyte derived (MMP) and smooth muscle cell 

derived (SMMP) MPs in acute coronary syndrome (ACS) are dynamic. 

Furthermore we sought to assess MP mediated thrombin generation as a 

quantifiable measure of their pro-thrombotic potential. The evaluation of MP 

expression over time and their pro-thrombotic potential may have a role as a 

biomarker aiding in better patient risk stratification and represent a future 

therapeutic target. 

Methods: 

13 patients with ACS scheduled for invasive angiography and percutaneous 

coronary intervention (PCI) were included in the study. 12 patients with SA 
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were recruited as a comparator group. Ethical approval was obtained from 

London – Stanmore research ethics committee. Informed consent was 

obtained from every patient prior to participation in the study. Blood was 

collected for MP analysis and thrombin generation assay (TGA) immediately 

pre and post PCI, on days 1,7,30 and 180. For comparative purposes the 

TGA was also analysed from an age-matched control group with no CAD. 

MP assessment: 

Dual antiplatelet therapy with Aspirin and Clopidogrel or Ticagrelor was given 

according to global risk for cardiovascular events (GRACE) score (16). Pre- 

PCI samples were collected before the administration of unfractionated 

heparin or GP IIb/IIIa antagonists. In addition, ACS patients received 

treatment with Low molecular weight heparin (LMWH) up until PCI. However, 

where clinically possible we ensured that there was a delay of 12 hours 

between the last dose of LMWH and blood collection to minimise any potential 

effect on TGA levels. 

Venous blood from antecubital vein was collected pre (V1) and post PCI (V2) 

and on days 1 (V3), 7 (V4), 30 (V5) and 180 (V6) in citrate bottles. The 

collected blood was centrifuged to obtain platelet poor plasma (PPP) and then 

stored at -80oC until analysed by flow cytometry using the BD FACS CaliburTM 

Cell Analyzer. Particles <1.1μl in size and binding annexin V+ were selected 

for analysis. Double and triple staining was used to define MP subpopulations 

to identify their cellular origin. PMPs (activated) were defined as 

AnV+/CD42a+/CD62P+, activated EMPs were defined as AnV+/CD42a-

/CD105+ or CD31+ or CD54+ or CD62E+ or CD31+, activated NMPs were 

defined as AnV+/CD42a-/CD66b+, MMP with tissue factor (TF) expression 

were defined as AnV+/TF+/CD14+ and SMMPs as AnV+/CD42a-/NG2+. Data 

collected was analysed with FlowJo software (version 8.8.3; Tree Star, Inc., 

OR, USA). The gating and flow cytometry strategies are shown in figures 1 

and 2. 

Microparticle mediated thrombin generation assay (TGA): 

The procedure for blood collection, storage and preparation for assay was 

similar to MP assessment. MPs were sedimented from PPP and resuspended 

in 200 μl of control microparticle-free plasma (MPFP) containing 30 mg/mL of 

corn trypsin inhibitor (Sigma) to inhibit contact activation. The MPFP was 
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prepared from approximately 50 μl plasma obtained from healthy volunteers. 

Subsequently, 40 μl of MPs resuspended in control MPFP was added to the 

plate well, followed by 50 μl of calcium-fluorogenic substrate (0.5 mmol/L of Z-

G-G-R-AMC and 7.5 mmol/L of calcium final concentrations (Pathway 

Diagnostics). No exogenous TF or phospholipids were added. The thrombin 

generated was measured by fluorogenic excitation/emission at 360/460 nm at 

1-minute time intervals for 60 minutes in an Optima fluorescence plate reader 

(BMG). Measures of peak thrombin, lag time, velocity index, and endogenous 

thrombin potential were recorded. As patients with ACS were treated with low 

molecular weight heparin a time delay of at least 12 hours was maintained 

after the last dose of LMWH before aspirating blood so that there are no 

errors in interpreting thrombin generation assay. TGA was not interpretable on 

immediate post PCI samples due to administration of systemic Heparin and 

hence excluded from analysis. 

Statistics: 

Normally distributed data were presented as mean ± SD. Non-parametric data 

were reported as median and interquartile range (IQR).  Categorical variables 

were compared with chi-square or Fisher’s exact test, as appropriate. All 

numeric parameters of interest were measured on continuous scales. As the 

same patients were assessed at the different time points, the analysis was 

performed using multilevel linear regression. Two-level models were used 

with individual measurements contained within patients. Variables with 

positively skewed distributions were log transformed before analysis.  

Analyses were performed for all patients combined, and then separately for 

ACS and SA patients. 

Additional analyses compared between the thrombin parameters at the first 

time point between the patient groups and a control group. The analyses were 

performed using Analysis of Variance (ANOVA). Variables with skewed 

distributions were analysed on a log scale. In addition to an overall 

comparison of the three groups, post-hoc tests were used to compare 

between each pair of groups. The p-values from these post-hoc comparisons 

were given a Bonferroni adjustment to allow for an increased risk of finding a 

statistically significant result due to multiple comparisons.  
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The strength of association between the microparticle measurements and the 

thrombin variables was performed using Spearman’s rank correlation (due to 

the skewed distribution of the microparticle measurements (and some of the 

thrombin variables). Analyses were performed for the values at each 

timepoint. 

Results: 

Patient characteristics: 

The majority of the patients across both groups were of male sex. More 

numbers of patients in the ACS group were on statins. Both groups were 

evenly matched for other variables (Table-1). 

 

 

Total Microparticles: 

In all patients, total MPs increased considerably following PCI and rapidly 

decreased at day 1, though these changes were not significant (Figure 3). At 

all time points except immediately post PCI total MPs were numerically higher 

in the ACS group, though not statistically significant (Figure 4). The time 

points at which MPs were at their peak and nadir were immediately post PCI 

and on day 1 post PCI respectively. The results are as follows with values of 

microparticles in 100,000s and presented in median and interquartile range 

(IQR). 

In the ACS group, the levels of total AnV+MPs at baseline, post PCI, days 1, 

7, 30 & 180 post PCI were 306 (270, 360), 728 (226, 1043), 114 (55, 264), 

343 (192, 609), 117 (60, 206) and 245 (109, 354) respectively; p =0.007. In 

SA group the levels of total AnV+MPs at baseline, post PCI, days 1, 7, 30 & 

180 post PCI were 202 (63, 502), 962 (422, 1323), 88 (40, 251), 294 (172, 

951), 92 (44, 157) and 165 (77, 490) respectively; p<0.001. 

At six months ACS patients had numerically higher MPs although statistically 

not significant [245 (109, 354 vs. 165 (77, 490); p=0.89] (Figure 4). The 

difference between levels of MPs varied significantly between various time 

points with in the groups 
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Individual MP Phenotypes: 

PMPs: 

A trend similar to total AnV+ MPs was also noted with PMPs (Figure 5). In the 

ACS group the levels of activated PMPs at six months were higher than the 

SA group; 3.6 (1.2, 6.7) vs. 0.7 (0.4, 2.7); p=0.03. 

EMPs: 

Similar results to PMPs were also noted with CD62E+ and CD54+ EMPs 

(Figure 6 and 7, respectively). Levels of CD62E+ EMPs were higher in the 

ACS group when compared to the SA group at six months – 11.9 (4.7, 29.0) 

vs. 3.4 (1.8, 6.7); p=0.02. Levels of CD54+ EMPs were also higher in the ACS 

cohort when compared to SA cohort – 9.9 (3.8, 18.7) vs. 2.6 (0.7, 5.2); 

p=0.008. 

 

 

 

NMPs, MMPs, & SMMPs: 

The levels of NMPs, MMPs and SMMPs were similar between groups with no 

statistical difference. Full results are given in supplementary index. 

 

MP mediated TGA: 

MP mediated TGA at various time points revealed abnormal lag phase, peak 

thrombin, velocity index and endogenous thrombin potential as reflected by 

area under curve (AUC) in both ACS and SA groups compared to healthy 

controls. The healthy controls consisted of 10 patients (5 male and 5 female 

subjects). The healthy controls were age matched with ACS and SA groups 

but did not have any documented CAD, risk factors for CAD and were not on 

any medications. A separate comparative analysis of TGA with healthy 

controls at baseline showed significantly abnormal thrombograms in the ACS 

and SA cohort. Comparison with healthy controls was only carried out at 

baseline and not at any other time points. 

Individual TGA parameters: 

Lag phase- 

Lag phase at baseline for ACS, SA and controls were; median16.8 (range 

7.1), 15.7 (6.5) and 20.5 (7.1) seconds respectively (p=0.31). Lag phase was 
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shortest at 1 month across both groups (9.8 (7.0) for ACS vs. 6.8 (4.5) 

seconds for SA; p=0.45) before reaching baseline levels by 6 months (15.8 

(4.0) for ACS vs. 18.0 (3.8) seconds for SA, p= 0.31). 

Thrombin- 

The amount of thrombin generated was also similar between ACS, SA and 

controls at baseline was  (254 (226, 339 vs. 255 (219, 328) vs. 132 (57, 252); 

p=0.006). However, at six months the ACS cohort generated more thrombin, 

although this result was not statistically significant (316 (282, 583) vs. 295 

(249, 469); p=0.09). 

Area under curve (AUC)- 

AUC is a measure of endogenous thrombin generation potential and is a 

factor of peak thrombin and velocity index (rate of thrombin generation). At 

baseline the AUC for ACS, SA and control groups was 3411 (685), 3726 (751) 

and 2334 (1319) respectively (p=0.006). At six months these values were 

3467 (776) and 3572 (745) for ACS and SA groups respectively (p=0.45). 

Correlation between MPs and TGA- 

The results suggested significant positive correlation between thrombin 

parameters and MPs from the first venous sample obtained pre PCI. In the 

ACS cohort significant correlation was noted between total MPs with velocity 

index (r= 0.672, p=0.035). In the SA cohort there was significant correlation 

between total MPs with AUC (r= 0.636, p=0.035), CD62P with thrombin (r= 

0.627, p=0.039 and AUC (r= 0.755, p=0.007), CD62E, CD54 and SMMP with 

AUC (r= 0.655, p= 0.029; r= 0.664, p=0.02; r= 0.809, p=0.003) respectively.  

 

Discussion: 

MPs were previously shown to be elevated in CAD; more so in acute coronary 

syndromes than stable angina and are associated with adverse outcomes (10, 

17, 18). MPs were also shown to correlate with inflammatory markers such as 

IL-6 and CRP in previous studies (18-20). This, in addition to lab based 

studies demonstrating the capability of MPs to act as transporters for micro 

RNAs, lends further credence to their role in CAD (21-23). Although MPs are 

known to be elevated at the time of the index event in ACS patients (24), no 

information exists regarding the balance on production and clearance post 

ACS. Studies in the past quantified the levels of MPs post PCI but not beyond 
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48 hours (24, 25). By carrying out serial quantification of MPs to 6 months we 

have demonstrated that production and clearance of MPs is dynamic in 

patients with CAD. MPs were higher following index event in ACS patients 

though statistically not significant when compared to the SA cohort. This 

finding perhaps reflects the chronic inflammatory state seen in CAD, with an 

elevated baseline level of MPs secondary to on-going apoptosis or 

cellular/platelet activation. Following the index event in ACS, a spike in MPs 

occurs due to activation of various cells. This is evident by the fact that in the 

SA cohort total and individual phenotypes of various MPs returned to near 

baseline levels in the longer term. It is not possible to assume a similar 

situation in the ACS cohort as the baseline was not known given the event 

had already occurred a few days prior to obtaining blood samples for MP 

measurement. Furthermore, the attenuating effects of potent antiplatelet 

drugs and low molecular weight heparin / direct thrombin inhibitors may have 

had resulted in the reduction of MP levels in ACS cohort. However, we 

observed the levels of MPs to be dynamic at various time points. The most 

striking finding and to the best of our knowledge demonstrated for the first 

time, was higher individual phenotypes of MPs in the ACS cohort at 6 months 

when compared to the SA cohort despite antiplatelet drugs and high dose 

statins. The individual phenotypes of MPs that were elevated at 6 months in 

the ACS cohort when compared to the SA cohort were CD54+ EMPs, 

CD62E+ EMPs and CD62P+PMPs. These findings suggest on-going 

endothelial injury across both cohorts of patients, though significantly more in 

the ACS cohort.  Previous studies demonstrated that constitutively expressed 

EMPs (CD31+, CD105) were elevated in relation to apoptosis where as 

inducible EMPs (CD62E, CD54 & CD106) were elevated in activation (26). 

Thus CD62E EMPs expressed on activated endothelium (27) is likely to be 

reflective of on-going endothelial injury in ACS patients, either directly related 

to the index lesion causing the ACS, and/or from areas of activated 

endothelium remote from the index lesion. Similarly, CD54 or intercellular 

adhesion cell molecule (ICAM-1), expressed on activated endothelial cells 

and activated monocytes, is reflective of underlying inflammation. CD31 or 

platelet endothelial adhesion cell molecule (PECAM) is expressed on 

platelets, monocytes and on endothelial cells particularly in apoptosis, has a 
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role in angiogenesis and in neutrophil recruitment (28). The role of 

angiogenesis and neutrophil recruitment in plaque instability is well 

established; angiogenesis and resultant formation of friable neovessels can 

lead to intraplaque haemorrhage (29) and matrix metalloproteinases released 

by neutrophils in atherosclerotic plaque can lead to degradation of collagen / 

extracellular matrix(30). Furthermore, the role of CD 31+ MPs in amplifying 

the expression of the selected miRNAs in patients with vulnerable CAD was 

also noted (31). Another novelty in our study was characterisation of SMMPs. 

To the best of our knowledge this was not carried out before though no 

significant difference in levels was found between groups at any of the time 

points. The clinical importance of these elevated MPs at 6 months need to 

explored further in a large cohort of patients as data relating to prognostic 

importance of activated platelets and certain phenotypes of MPs following 

acute coronary event is emerging (32-34) 

 

Another interesting observation of note was the massive spike in total and 

individual phenotypes of MPs following PCI. The spike was particularly large 

in the SA cohort reflecting the fact the iatrogenic endothelial injury by balloon 

angioplasty in a non-primed environment whereas in the ACS cohort there 

was preceding smouldering endothelial injury and inflammation. By stabilising 

the culprit plaque with mechanistic PCI therapy, the resultant passivation most 

likely led to decreased levels of MPs and thrombin parameters as seen on 

day 1 in our study. However, a rather curiously rebound phenomenon of MPs 

and thrombin parameters were seen at 6 months suggesting the role of 

underlying inflammation. In their respective studies Biasucci et al & Inoue et al 

also noted similar response(24, 25).  

 

The abnormal TGA was also worthy of note: thrombin generation remained 

abnormal at 6 months with shorter lag time and higher thrombin in the ACS 

cohort but did not discriminate between ACS and SA. Previous studies have 

shown enhanced thrombin generation in patients with CAD, though correlation 

with MP was not carried out. Borissoff et al showed positive independent 

association between severe coronary atherosclerosis and in vivo thrombin 

generation (35). In our study TGA was abnormal in both groups at index event 
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and at 6 months, though intuitively one would expect abnormal thrombin 

generation assay in ACS cohort. This could be explained by the fact that 

multi-vessel disease was seen in a similar percentage of patients from both 

groups; and by the observation that optical coherence tomography studies 

demonstrate incidental healed ruptured plaques in the SA cohort (albeit less 

frequently; data from our optical coherence tomography sub study – 

manuscript in preparation). Another relatively old study from the era when 

Aspirin was still the mainstay of therapy following AMI showed enhanced 

thrombin generation for up to 2 years following myocardial infarction (36). Our 

study has shown that this is still the case despite patients being treated with 

potent secondary prevention regimes. Figueras et al demonstrated greater 

thrombin generation at 10 days in patients who develop angina following AMI 

or UA when compared to other who attain early stability (37). The explanation 

for the findings in our study and observed correlations is uncertain. It may be 

secondary to activated PMPs that are rich in procoagulant phosphatidylserine 

(38). Furthermore, TF present on activated endothelium as reflected by higher 

number of CD54 and CD62E+ EMPs may also be contributing. Whilst the 

comparable thrombograms between ACS and SA at the time of index event 

could be attributed to the attenuating effects of low molecular weight heparin 

treatment given to ACS patients, the comparable thrombograms at 6 months 

remain unexplained. This may well be explained by the fact that silent 

atherothrombotic events are common in stable CAD when compared to 

annual incidence of myocardial infarction (39). 

 

Limitations: 

Limitations associated with a prospective observational study involving small 

sample size at a single centre are worthy of note. However, the study design 

allowed us to carry out robust analysis of MPs and TGA at various time points 

giving valuable information. The study is underpowered with a limited follow 

up to observe any hard end points. Thus, elevated MPs and abnormal TGA at 

6 months remains an observation and if they have any association with 

recurrent cardiovascular events is not established. Furthermore, the pattern of 

MP clearance in our study also remains an observation and whether 
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underlying inflammation and treatment modulates MP release and clearance 

is not proven. Another limitation is use of platelet poor plasma for TGA. 

Platelet poor plasma is a pool of all MP phenotypes thus it was not possible to 

pinpoint which MP fraction contributed most to the thrombogenesis. 

 

Conclusions: 

Our study was successful in demonstrating altered levels and signature of 

MPs at different time points following index event.  Furthermore, our study for 

the first demonstrated persistent excess thrombin generation, with good 

correlation with some individual MP phenotypes, which may explain the 

prolonged prothrombotic state that exists after ACS. Our study also questions 

the adequacy of current preventive therapy. Studies with large number of 

participants are required to further explore if MPs have a role as biomarker 

and therapeutic target in CAD. 
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 ACS (n=13) SA (n=12) p value 

Age (mean ± SD) 

Male (n, %) 

Diabetes (n, %) 

Hypertension (n, %) 

Hyperlipidaemia (n, %) 

Smoking (n, %) 

Family History of CAD (n, %) 

Previous PCI (n, %) 

Creatinine (Median, IQR) 

Troponin (Median, IQR) 

CRP (Median, IQR) 

LVEF (mean ± SD) 

Medications: 

ACE- I / ARB (n, %) 

Beta-blockers (n, %) 

Aspirin (n, %) 

Clopidogrel (n, %) 

Ticagrelor (n, %) 

Statin (n, %) 

Distribution of CAD (n, %): 

1 vessel disease 

2 vessel disease 

3 vessel disease 

 

60.1 ± 8.14 

12 (92.3) 

5 (38.4) 

5 (38.5) 

12 (92.3) 

3 (23.1) 

1 (7.7) 

2 (15.3) 

82.5 (76.25 – 88.50) 

0.24 (0.2 - 3.8) 

4 (1 - 6.25) 

58.3±5.3 

 

3 (23.1) 

4 (31) 

7 (54) 

11(85) 

2 (15) 

10 (77) 

 

5 (38.5) 

4 (31) 

4 (31) 

56.6±8.9 

11 (91.7) 

2 (16.7) 

4 (33.3) 

8 (67) 

4 (33.3) 

3 (25) 

0 

84 (75.2-87.5) 

 

 

57.8±8.5 

 

4 (33.3) 

4 (33.3) 

4 (33.3) 

12 (100) 

0 (0) 

4 (33.3) 

 

7 (58.3) 

2 (17) 

3 (25) 

0.32 

0.79 

0.67 

1.0 

0.15 

0.4 

0.65 

0.15 

0.6 

 

 

0.6 

 

0.82 

1 

0.69 

0.8 

0.1 

0.08 

 

0.2 

0.3 

0.8 

Table 1 – Baseline characteristics for cohort of 25 patients with coronary 

artery disease. M – Male, CAD – Coronary artery disease, PCI – 

Percutaneous coronary intervention, CRP - C-reactive protein, LVEF – left 

ventricular ejection fraction, ACE – I – Angiotensin converting enzyme 

inhibitors, ARB – Angiotensin receptor blockers, LAD – Left anterior 

descending artery, LCX – Left circumflex artery and RCA – Right coronary 

artery. 
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Figures   

 

Figure 1: MP gating strategy using latex beads 
A) Histogram of 1.1μm beads on the forward scatter scale. 
B) 1.1μm beads on flow cytometry. Data is presented as side scatter  (particle 
granularity) vs. forward scatter (particle size).  
C) 1.1μm and 3 μm beads on flow cytometry. Data is presented as side 
scatter  (particle granularity) vs. forward scatter (particle size) and nicely 
shows two different bead populations. 1.1μm beads are used for gating, 3 μm 
beads are also concurrently run at the time of flow cytometry to determine 
absolute number of MPs/ml of plasma. 
 

C	

A	 B
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Figure 2:  

Flow cytometric analysis of annexin V+ MPs from platelet poor plasma (PPP) 
of a patient with Non ST elevation myocardial infarction (NSTEMI). These are 
post intervention samples from a peripheral vein. 
A) Events shown here are not stained with annexin V and serve as control. 
This, in combination with 1.1μm latex beads is used to determine the gating of 
annexin V+ MPs.  
B) Annexin V+ MPs acquired from PPP of a patient with NSTEMI.  
C) The IgG1k isotype control. 
D) Figure depicting CD31+MPs. 
 

 

 

 

A	 B

C	
D	
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Figure 3: Total AnV+ MPs across all time points.  
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Figure 4: Box plots comparing total ANV+ MPs between ACS and SA across 

all time points.  
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Figure 5: AnV+CD42-62P+PMP. As shown in the figure there was significant 

difference in the levels of MPs with in groups. PMP levels were high in ACS 

patients at 6 months when compared to SA. The difference between levels of 

PMPs between ACS and SA at other time points was not significant.  

 

 
 
Figure 6: AnV+CD42-62E+EMP. As shown in the figure there was a 

significant difference in the levels of MPs within groups. EMP levels were high 

in ACS patients at 6 months when compared to SA. The difference between 

levels of EMPs between ACS and SA at other time points was not significant.  
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Figure 7: AnV+CD42-54+EMP. As shown in the figure there was significant 

difference in the levels of MPs with in groups. EMP levels were high in ACS 

patients at 6 months when compared to SA. The difference between levels of 

EMPs between ACS and SA at other time points was not significant.  
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