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ABSTRACT: Ethnic minority individuals are disproportionately 

susceptible to endothelial dysfunction and cardiovascular disease 

(CVD). Microparticles (MP) are biologically active membrane-

bound nanovesicles released from cells that act as biomolecular 

shuttles. Plasma MP was isolated from healthy White, Black 

African, and South Asian individuals and analysed using flow 

cytometry. Their effects and interactions were assessed using 

fluorescence, confocal, and scanning electron microscopy. Total 

MP and a sub-population of smaller MP associated with 

dysfunction and disease progression were significantly increased 

in Black African individuals. Pro-thrombotic and pro-oxidant MP 

were substantially more numerous in Black African individuals. 

The tissue factor activity of ethnic minority MP was significantly 

greater than White MP. Ethnic minority MP induced significantly 

greater functional changes and morphology to an endothelial cell 

line in vitro and integrated into endothelial cells noticeably more 

than White MP. These data imply distinct differences in ethnic 

minority MP, suggesting a role in CVD susceptibility. 
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INTRODUCTION 

Black African and South Asian ethnic minority individuals are disproportionately susceptible 

to cardiovascular disease (CVD) associated with endothelial dysfunction (Khunti et al., 2013). 

Still, the cellular and molecular reasons for this are unclear. Ethnic minority individuals present 

with premature and more severe and aggressive CVD with higher mortality rates, which is not 

explained by traditional risk factors (Thorpe et al., 2016; Palaniappan et al., 2018). These 

individuals may have a genetic predisposition to CVD, but studies are compounded by the high 

degree of genetic diversity and the spectrum of vascular diseases (Mensah et al., 2019). It is 

also possible that different mechanisms lead to their susceptibility to CVD. In this regard, Black 

African and South Asian individuals have an increased chronic inflammatory profile with 

increased endothelial oxidative stress and dysfunction (Feairheller et al., 2011). Ethnic 

minorities also have an enhanced pro-thrombotic state and increased incidences of venous 

thromboembolism (Zakai et al., 2011). Differences in biomarkers affecting coagulation 

mechanisms and haemostasis might be important. 

Microparticles (MP) are biologically active nanovesicles shed from cells in response to 

activation, inflammation, apoptosis, and stress (van Niel et al., 2018). They act as biomolecular 

vehicles, transporting effector molecules to distant sites, affecting recipient cell function. MP 

originates mostly from platelets and other cell types, including leukocytes and endothelial cells. 

They are composed of the surface proteins and the cytoplasmic contents of their parent cell. 

MP is involved in inflammatory processes, disease pathophysiology, and coagulation. The 

prevailing view is that MP is harmful and contributes to an individual’s disease risk due to the 

effector molecules they transport and deliver to cells systemically (Viera et al., 2012). Their 

circulating levels are often elevated in CVD associated with endothelial dysfunction (França et 

al., 2014). However, their role in predisposing ethnic minorities to CVD is unclear, and there 

are limited publications on differences in circulating levels or on the pathological nature of MP 

between healthy White, Black African, and South Asian individuals. Studies in patients with 

systolic heart failure have, however, reported higher circulating levels of MP in South Asian 

compared to White patients (Agouni et al., 2019), and human umbilical vein endothelial cells 

(HUVECs) derived from Black individuals released significantly more endothelial-derived MP 

following treatment with tumour necrosis factor-α when compared to HUVECs from white 

donors (Brown et al., 2011). These studies did not investigate ethnic differences in healthy 

individuals or the function of MP produced, which is critical in determining the pathological 

predisposition of ethnic minorities to CVD as a consequence of elevated MP. 

There are several mechanisms via which MP might contribute to the pathogenesis of CVD, 

including the transportation of effector molecules such as phosphatidylserine (PS) and tissue 

factor (TF, CD142), which are involved in the regulation of haemostasis and thrombosis 

(Antonova et al., 2019). Exposure to PS may advance vascular dysfunction and decrypt non-

functional cryptic TF into its pro-coagulant-active form via calcium influx (Darabi et al., 2016). 

This exposure is promoted by reactive oxygen species (ROS) released from endothelial cells, 

which affects vascular homeostasis and the regulation of effector cells (Panth et al., 2016). MP 

also possesses NADPH oxidases and generates ROS, which may be an additional mechanism 

to affect endothelial dysfunction in CVD (Brodsky et al., 2004). Thus, MP and their actions 

may contribute to the disproportionate susceptibility of healthy ethnic minority groups to CVD, 

and studies that would unequivocally establish the profile of expression, pro-thrombotic and 

pro-oxidative phenotype, and actions of MP between ethnic groups are therefore required as 

these do not currently exist in the literature. 



African Journal of Biology and Medical Research 

ISSN: 2689-534X 

Volume 6, Issue 2, 2023 (pp. 43-70) 

45 Article DOI: 10.52589/AJBMR-YTFDLV0G 

  DOI URL: https://doi.org/10.52589/AJBMR-YTFDLV0G 

www.abjournals.org 

In this study, we hypothesize that the pro-thrombotic phenotype of circulating MP and their 

interactions with endothelial cells is enhanced in healthy Black African and South Asian 

individuals and might represent a mechanism of CVD susceptibility and pathogenesis. The aim 

of this study, therefore, was to assess the thrombotic and oxidative phenotype of ethnic 

minority MP and to evaluate their interactions with endothelial cells in order to investigate their 

potential role in CVD and endothelial dysfunction in ethnic minority individuals. 

 

LITERATURE/THEORETICAL UNDERPINNING 

Black African and South Asian ethnic minority individuals have a higher risk of diseases 

associated with endothelial dysfunction but the reasons for this are not clear (Khunti et al., 

2013; Thorpe et al., 2016; Palaniappan et al., 2018; Mensah et al., 2019). These individuals 

have an increased pro-thrombotic and pro-inflammatory state and higher rates of venous 

thromboembolism and CVD (Zakai et al., 2011). Variations in biomarkers that are involved in 

coagulation mechanisms and haemostasis could contribute to these differences. 

MP have crucial roles in mediating intercellular communication and delivering effector 

molecules systemically and may contribute to the development of CVD via the transportation 

of pro-thrombotic molecules, playing important roles in processes such as haemostasis and 

thrombosis, contributing to CVD pathogenesis and risk (Antonova et al., 2019). Studies of the 

MP of healthy individuals could help in the understanding of the disproportionate endothelial 

dysfunction disparities in ethnic minorities. 

We hypothesise that healthy Black African and South Asian individuals have elevated 

circulating MP counts, a pro-thrombotic phenotype and that their MP have enhanced 

interactions with endothelial cells in vitro and have a potential role in CVD in these individuals. 

 

METHODOLOGY 

Participants 

White study participants had a median (range) age of 27 (20-48) years (55% male, 45% 

female). Black African study participants had an age of 24 (20-59) years (73% male, 27% 

female), and South Asian study participants had an age of 30 (22-47) years (50% male, 50% 

female). There were no significant differences between the ages of the ethnic groups (ns, 

P=0.875). White study participants had a median (range) BMI of 23.2 (21.0-29.6) kg/m2. Black 

African study participants had a BMI of 22.7 (21.8-40.0) kg/m2, and South Asian study 

participants had a BMI of 24.4 (18.5-35.5) kg/m2. There were no significant differences 

between the BMIs of the ethnic groups (ns, P=0.655) and no correlations between BMIs and 

MP counts (R2 values: White 0.031, Black African 0.0004, South Asian 0.030). Participants 

analysed for each study are detailed in Appendix 1. 

Inclusion criteria were age 20-60, body mass index >18.5 kg/m2, and participants identifying 

as White, Black African, or South Asian ethnicity. As these were healthy individuals with no 

reported or diagnosed illnesses, no clinical characteristics such as renal, liver, or cardiac 

function data, inflammation, or coagulation biomarkers were collected. Exclusion criteria 
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included pregnancy or breastfeeding, immunological conditions, diabetes mellitus, smokers, 

acute disease or infection, cardiovascular disease, or any conditions known to increase 

circulating MP counts. 

Phlebotomy and microparticle isolation 

Blood was drawn using a dry syringe with a 21-gauge needle and then discarded; further blood 

drawn was immediately aliquoted into a sodium citrate pre-treated monovette (Sarstedt AG, 

Nümbrecht, Germany) as recommended (Kailashiya et al., 2018). Blood was mixed with 

anticoagulant by gentle inversion, transported carefully, kept at room temperature (RT), and 

processed within 2 hrs of collection. Plasma samples were anonymised, so researchers were 

unaware of the ethnicity of the samples. All plasma samples were collected, processed, stained, 

acquired, and analysed similarly. Platelet-poor plasma was prepared from blood samples 

following two centrifugation steps of 2500 x g for 20 min at RT and then stored in aliquots at 

-80˚C until use. MP in cell-free plasma was prepared by serial centrifugation according to Biró 

et al (2004). Briefly, platelet-poor plasma was centrifuged at 18000 x g for 30 min at RT then 

90% of the supernatant was replaced with the same volume of MP buffer (10 mM HEPES, 140 

mM NaCl, 2.5 mM CaCl2, pH 7.4; 0.2 µm-filtered), this was repeated to produce platelet-free 

plasma, i.e., isolated MP. In order to confirm that the MP prepared were closed and not cellular 

fragments, MP was centrifuged at 18000 x g for 30 min at RT then incubated with 

CellTracker™ Red at a final concentration of 1 µM in serum-free media for 45 min at 37˚C 

and then washed. An aliquot was resuspended in MP buffer and analysed using flow cytometry. 

Flow Cytometry 

Aliquots of MP were incubated either alone with MP buffer or with Annexin V labelled with 

fluorescein isothiocyanate (FITC) as a marker of PS expression or with mouse anti-human 

phycoerythrin (PE)-labelled antibody to tissue factor CD142 (all BD Biosciences, Oxford, 

UK). All antibody incubations were carried out in the dark for 25 min at RT and then samples 

were diluted with MP buffer before acquisition. All flow cytometric acquisition was done using 

a BD Accuri™ C6 Plus and all analysis was carried out using BD Accuri™ C6 software (both 

BD Biosciences).  MP was acquired using a gating defined by size-calibrated fluorescent 

Megamix™ beads according to the manufacturer’s instructions (BioCytex, Marseille, France) 

and according to a standardized calibrated-bead strategy (Robert et al., 2009). All samples were 

acquired using the slowest flow rate for a fixed period of 120 seconds with an SSC threshold 

of 10,000. To measure ROS, MP was incubated with or without 2’,7’-Dichlorofluorescin 

diacetate (DCFH-DA) at a final concentration of 5 μM for 15 min at 37°C, diluted with 300 µl 

MP buffer and then analysed using flow cytometry. 

Tissue Factor Activity assay 

MP were isolated as above. An aliquot was placed in the MP buffer for counting using flow 

cytometry so that TF activity could be reported relative to the number of MP conferring 

activity. The tissue factor activity of MP was assayed as the ability of TF to activate factor X 

to factor Xa was measured over a period of 25 min according to the manufacturer’s instructions 

(Abcam, Cambridge, UK). The amount of factor Xa produced was quantitated using a specific 

factor Xa substrate to release yellow para-nitroanaline chromophore. The change in absorbance 

at 405 nm, which was directly proportional to TF activity, was measured. TF activity was 

reported as total TF activity and also as activity per 106 MP. 
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Effects of the incubation of microparticles with endothelial cells in vitro 

EA.hy926 endothelial cell lines from ATCC (ATCC Cat# CRL2922, RRID: CVCL_3901) 

(Manassas, Virginia, USA) were maintained according to the manufacturer’s instructions; they 

were cultured in cDMEM (complete Dulbecco’s Modified Eagle Medium) supplemented with 

10% (v/v) heat-inactivated foetal calf serum, 2 mM L-glutamine, 100 U/ml penicillin, 100 

μg/ml streptomycin (all Fisher Scientific, Loughborough, UK) and maintained at 37˚C in a 

humidified 5% CO2 atmosphere. Endothelial cells were seeded at 6x104/well in a 96-well plate 

and left overnight. MP was prepared as above; an aliquot was taken into the MP buffer for flow 

cytometric counting. Media was removed from the wells and replaced with 180 µl fresh media 

plus 20 µl of MP; these were then incubated for 24 hours. The following day, supernatants 

were removed, and cells were rinsed with phosphate-buffered saline (PBS; 0.2 µm-filtered) 

and dissociated using 0.25% Trypsin-EDTA (Fisher Scientific). Media was added to inactivate 

Trypsin, then cells were washed in PBS at 200 g for 5 min and resuspended in PBS. Aliquots 

of cells were stained with mouse anti-human vWF antibody directly conjugated to FITC or 

mouse anti-human CD142 (TF) antibody directly conjugated to PE (both BD Biosciences), for 

25 min at RT, and then samples were diluted with PBS prior to acquisition. 

Imaging interactions of microparticles with endothelial cells in vitro using scanning 

electron microscopy 

EA.hy926 endothelial cells were seeded onto sterile 13 mm round glass coverslips (Fisher 

Scientific) at 1.5x104/well in a 24-well plate and left overnight. The media was removed and 

replaced with 460 µl fresh media plus 40 µl of MP; these were then incubated for 24 hours. 

Treated cells were fixed in 4% paraformaldehyde (Sigma, Gillingham, UK) and dehydrated 

through an alcohol concentration series before being dried using hexamethyldisilazane 

(Hazrin-Chong  et al., 2012) (Sigma) in ethanol. The cells were then sputtered with 2 nm gold 

and imaged on a 60° tilted stage. Images were acquired using a Carl Zeiss EVO LS 15 scanning 

electron microscope (Carl Zeiss Ltd, Cambridge, UK) under high vacuum, 10 kV accelerating 

beam voltage, 20 µm beam aperture, and 100 pA probe current. 

Imaging interactions of microparticles with endothelial cells in vitro using fluorescence 

microscopy 

EA.hy926 endothelial cells were seeded at 6x104/well in cDMEM in a 96-well plate and 

incubated overnight. The fluorescent membrane integrator Calcein (Fisher Scientific) was then 

used to label MP to identify their interactions with endothelial cells fluorescently. MP was 

incubated with Calcein at a final concentration of 50 µM and incubated at 37˚C in a humidified 

5% CO2 atmosphere for 30 min, as Gray et al. (2015) described. After staining, wash with MP 

buffer to remove any non-integrated Calcein. An aliquot of stained MP was taken into MP 

buffer to confirm fluorescence using flow cytometry. Media was removed from the endothelial 

cells and replaced with 180 µl fresh media plus 20 µl of Calcein-stained MP; these were then 

incubated for 24 hours. The media supernatant was carefully removed, and PBS was added. 

Fluorescent microscopic images were taken using EVOS cell imaging (Fisher Scientific) with 

transmission and GFP lenses. After imaging, cells were harvested as described above in section 

4.5, then spun at 200 g for 5 min and resuspended in PBS. Aliquots of cells were acquired using 

flow cytometry and analysed for fluorescence to indicate interactions with MP. 
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Imaging interactions of microparticles with endothelial cells in vitro using confocal 

microscopy 

EA.hy926 endothelial cells were incubated with CellTracker™ Green at a final concentration 

of 5 µM in serum-free media for 45 min at 37˚C with agitation, then centrifuged at 200 g for 5 

min and resuspended in cDMEM before seeding at 4.2x 106/well in a 12-well plate as in 

described in section 4.6 and incubated overnight. MP was subsequently incubated with 

CellTracker™ Red, as described in the section. The media was removed from the endothelial 

cells and replaced with 660 µl fresh media plus 340 µl of stained MP, which were then 

incubated for 24 hours. The media was removed, and the cells were rinsed gently with PBS 

and incubated with Hoechst 33342 for 20 min at 37˚C in the dark, then rinsed again. For image 

acquisition, 50 µl PBS was dropped onto borosilicate glass slides (VWR International, PA, 

USA), and the glass coverslips were removed from the wells using flat-tipped tweezers and 

inverted on to the PBS to prevent the sample from drying out. Samples were imaged using a 

Zeiss LSM 900 confocal microscope with Airyscan 2 and Colibri 7 using x63 oil immersion 

objective (Plan-Apochromat 63x/1.4 Oil DIC M27). Images were acquired using Zeiss Zen 

Blue software ( Carl Zeiss, Jena, Germany). Z-stacks were taken sectioning the cells' height, 

acquired with 1 µm steps, and imaged with 1024 x 1024 pixel scanning. 

Statistical Analysis 

Results were compared using a Kruskal-Wallis one-way analysis of variance followed by post 

hoc Dunn’s multiple comparison tests to determine significant differences between ethnic 

groups. The time course was analysed using repeated measures two-way analysis of variance 

with Geisser-Greenhouse correction, post-hoc Tukey’s multiple comparison test. Data is 

presented as median (range). Statistical significance was accepted at P<0.05. Statistical 

analysis was performed using Prism™ software (Graphpad 9.5.0 (730), California, USA). 

 

RESULTS/FINDINGS 

Circulating microparticle count and size 

MP were confirmed to be closed spherical bodies when stained with the fluorescent dye 

CellTracker™ Red which freely enters into and is retained by cells or membrane-bound bodies. 

There was no significant difference between the number of unstained MP acquired compared 

to CellTracker™ Red stained MP with all ethnicities (all ns, P=0.109, data not shown). 

There were significantly fewer circulating MP in healthy White individuals (2.43 (1.42-

5.29)x106/ml) compared to healthy Black Africans (4.52 (2.24-11.06)x106/ml) (P<0.03), but 

South Asians showed no significant difference in circulating MP when compared to either 

White or Black African individuals (3.67 (2.66-5.52) x106/ml) (both ns, P=0.749 and P=0.642 

respectively) (Figure 1). 

Interestingly, two distinct sizes of MP populations were observed in all EV samples: larger 

(HiFSC (high forward scatter)) and smaller (LoFSC (low forward scatter)) (Figure 2a). Latex 

beads of different sizes were acquired using flow cytometry to indicate the approximate size of 

larger HiFSC and smaller LoFSC MP gating (Figure 2b). There were fold-increases of 1.6 and 

2 in the number of smaller LoFSC MP of approximately 500 nm diameter in both Black African 
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and South Asian ethnic minorities, respectively, when compared to White individuals (Figure 

2c). The number of smaller LoFSC MP was significantly fewer in healthy White individuals 

(1.56 (0.36-3.05)x106/ml) compared to those in Black African individuals (2.43 (1.45-8.68) 

x106/ml) (P<0.04). However, neither was significantly different from those from South Asians 

(3.13 (1.56-8.18) x106/ml) (White vs. South Asian (ns, P=0.091), Black African vs. South 

Asian (ns, P=0.999)). The number of circulating larger HiFSC MP of approximately 600 nm 

from White individuals (0.68 (0.04-3.06)x106/ml) were a third of the levels in Black Africans 

(2.02 (0.18-4.50)x106/ml) and almost half of those in South Asians (1.58 (0.23-2.67)x106/ml). 

None of these differences were significant (all ns, White vs. Black African (ns, P=0.380), White 

vs. South Asian (ns, P=0.999), Black African vs. South Asian (ns, P=0.999)) (Figure 2d). 

Pro-thrombotic phenotype and activity of microparticles 

The pro-thrombotic phenotype of MP were investigated to assess their role as CVD risk factors. 

MP was stained with antibodies against PS and TF and analysed using flow cytometry. Data is 

presented as the median (range) number of circulating MP. The pro-thrombotic PS-expressing 

MP in Black African and South Asian individuals were respectively almost three (0.26 (0.13-

0.69)x106/ml; P<0.03), and two times (0.19 (0.07-0.33) x106/ml) higher compared to those 

from White individuals (0.09 (0.01-0.33)x106/ml). There was no statistical difference between 

South Asian individuals and White (ns, P=0.449) or Black African individuals (ns, P=0.634)) 

(Figure 3a). 

The number of circulating pro-thrombotic TF-expressing MP was similar in White (0.26 (0.11-

0.59) x106/ml), Black African (0.17 (0.08-0.32) x106/ml) and South Asian individuals (0.19 

(0.04-0.31) x106/ml) and showed no significant difference between groups(White vs. Black 

African (ns, P=0.474), White vs. South Asian (ns, P=0.808), Black African vs. South Asian 

(ns, P=0.999)) (Figure 3b). 

Tissue factor activity of White, Black African, and South Asian MP, assayed as the ability of 

TF to activate factor X to factor Xa, was measured over a period of 25 min. There was no 

difference in the total TF activity of MP between ethnicities (ns, P=0.632). However, the TF 

activity of MP from White individuals increased marginally but not significantly over the 25 

min incubation period (5 min 28704 (23426-32580) pM vs. 25 min 30222 (23923-33928) pM) 

(ns, P=0.055). By comparison, there were significant increases in the TF activity of both Black 

African (5 min 29204 (23164-35582) pM vs. 25 min 31019 (25609-34479) pM) (P<0.007) and 

South Asian (5 min 29545 (25167-34599) pM vs. 25 min 31384 (27995-34692) pM) 

(P<0.0005) MP over this period (Figure 4a). 

Further, an aliquot of MP counted using flow cytometry to determine TF activity relative to the 

number of MP conferring activity revealed no significant differences in the TF activity per 106 

MP from White individuals over 25 min (5 min 1256 (349-1742) pM/106 MP vs. 25 min 1308 

(375-1773) pM/106 MP) (ns, P=0.161). Interestingly, the difference in TF activity of the ethnic 

minority MP was retained. There were small but significant increases in the TF activity per 106 

MP of both Black African (5 min 1148 (728-2296) pM/106 MP vs 25 min 1194 (798-2215) 

pM/106 MP) (P<0.02) and South Asian (5 min 1176 (663-1769) pM/106 MP vs 25 min 1260 

(726-1774) pM/106 MP) (P<0.0007) individuals over this period (Figure 4b). 
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Pro-oxidative microparticles 

The pro-oxidative nature of MP was investigated using 2’,7’-Dichlorofluorescin diacetate 

(DCFH-DA), which is a cell-permeant fluorogenic dye that becomes fluorescent upon 

interactions with ROS. Data are presented as median (range) RFU, DCFH-DA signal calculated 

as RFU with DCFH-DA minus RFU without DCFH-DA. Circulating MP from White 

individuals contained significantly reduced ROS (55.28 (18.08-175.30) RFU) compared to MP 

from Black African individuals (208.90 (148.80-267.70) RFU) (P<0.007). Although the ROS 

content of MP from South Asian individuals (193.30 (87.62-218.90) RFU) was more than three 

times greater than that of MP from White individuals, this difference was not statistically 

significant (ns, P=0.082) nor different from that of Black African individuals (ns, P=0.079) 

(Table 1). 

Effects of ethnic microparticles on endothelial cell function in vitro 

The expression of TF by endothelial cells incubated with MP from White individuals (230.1 

(225.1-290.5) RFU) was significantly less than those incubated with MP from either Black 

African (340.5 (318.3-407.1) RFU) (P<0.04) or South Asian (361.2 (318.3-509.2) RFU) 

(P<0.02) individuals. There was no significant difference in TF expression by endothelial cells 

incubated with Black African or South Asian MP (ns, P=0.999) (Figure 5). 

Endothelial cells incubated in the absence of MP were used to determine the gating of positive 

staining (Figure 6a). A single population of vWF-expressing cells was present in the majority 

(3/5 samples) of endothelial cells incubated with MP from White individuals (Figure 6b). There 

were also two distinct populations of vWF-stained endothelial cells, but seen predominantly 

(7/10 samples) in those which had been incubated with MP from either Black African (Figure 

6c) or South Asian (Figure 6d) individuals. The expression of vWF on endothelial cells 

incubated with ethnic minority MP was three times greater than that of cells incubated with 

MP from White individuals. These differences were not significant, and vWF expression was 

similar in endothelial cells incubated with MP from either White (7005 (3689-46013) RFU), 

Black African (21762 (4326-65744) RFU) or South Asian individuals (21112 (6780-56005) 

RFU) (all ns, White vs. Black African (ns, P=0.999), White vs. South Asian (ns, P=0.999), 

Black African vs. South Asian (ns, P=0.999)) (Figure 6e). 

The effects of ethnic minority MP on the gross morphology of endothelial cells were 

investigated using scanning electron microscopy (SEM). Endothelial cells incubated with 

media alone (Figure 7a) had a similar morphology to those incubated with MP from White 

individuals (Figure 7b). However, those incubated with either Black African (Figure 7c) or 

South Asian (Figure 7d) MP had uneven surface morphology, membrane ruffling, and 

indications of MP adherence and cell interactions. 

Interactions of ethnic microparticles with endothelial cells in vitro 

To assess interactions between MP and endothelial cells, EA.hy926 cells were incubated for 

24 hrs with Calcein-treated MP from White and ethnic minority individuals and subsequently 

imaged using fluorescence microscopy. 

The integration of Calcein into MP was confirmed using flow cytometry, whereby unstained 

MP (Figure 8a) showed no fluorescent signal compared to Calcein fluorescence in stained MP 

(Figure 8b). No fluorescent signal was observed by fluorescence microscopy in cells incubated 
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with media alone (Figure 8c). Fluorescent MP from White individuals had limited interactions 

with endothelial cells (Figure 8d). In contrast, the fluorescent MP from both Black African 

(Figure 8e) and South Asian (Figure 8f) individuals appeared to interact significantly with 

endothelial cells. 

The treated cells were dissociated, harvested, washed , and analysed using flow cytometry to 

confirm interactions between MP and endothelial cells. The percentage of fluorescent 

endothelial cells following incubation with MP from White individuals (8.40 (7.85-9.63)%) 

was not significantly different from those which had been incubated with MP from Black 

African (10.43 (9.06-14.30)%) or  South Asian (12.42 (10.13-14.24)%) individuals (both ns: 

White vs. Black African (ns, P=0.143), White vs. South Asian (ns, P=0.999)). The percentage 

of fluorescent endothelial cells incubated with MP from South Asian individuals was, however, 

1.5 times greater than the fluorescent cells incubated with MP from White individuals (P<0.03) 

(Table 2). 

The interaction of MP and their potential integration into endothelial cells was also assessed 

using cells labelled with CellTracker™ Green fluorescent membrane-integrator and MP from 

White and ethnic minority individuals stained with CellTracker™ Red fluorescent membrane-

integrator. No integration of White MP (Figure 9a) was observed, but Black African (Figure 

9b) and South Asian (Figure 9c) MP were observed inside endothelial cells. 

 

DISCUSSION 

This is the first study to directly compare the circulating count and pro-thrombotic phenotype 

of MP from healthy White, Black African, and South Asian individuals and to compare their 

interactions with endothelial cells in vitro. We have demonstrated significant increases in the 

circulating count, the pro-thrombotic and pro-oxidative phenotype in Black African MP, which 

were not seen in MP from South Asian individuals. We have also demonstrated increased levels 

of PS and TFA in Black African MP, which may indicate enhanced pro-thrombotic activity. 

Although this was not confirmed by direct assessment of the biological prothrombinase activity 

of PS-MP, it is recognised that PS is a critical mediator of thrombosis, and its inhibition inhibits 

MP thrombin generation (Zlamal et al., 2022; Tripisciano et al., 2017). It is, therefore, 

reasonable to speculate from our findings that Black African MP may be highly thrombogenic. 

We have also demonstrated enhanced effects on cellular dysfunction and interactions with 

endothelial cells, including morphological changes caused by both Black African and South 

Asian MP. While our study has limitations in the small cohort size in some experiments, it 

represents highly novel and interesting observations that may suggest a mechanism for the 

unusual susceptibility of ethnic minority individuals to endothelial dysfunction in CVD. It 

requires further investigation using larger study groups. 

We observed a significant increase in the circulating MP from healthy Black African compared 

to healthy White individuals. As MP is considered an independent risk factor for 

thromboembolic events (Viera et al., 2012), their increase might be a consequence of the 

increased oxidative profile and endothelial oxidative stress seen in Black African individuals 

(Feairheller et al., 2011). In contrast, MP from South Asian individuals, although more 

numerous than seen in White individuals, did not show statistical significance. 
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Other studies (Agouni et al., 2019; Kretzschmar et al., 2014; Shantsila et al., 2011; Khan et al., 

2017) have reported on the circulating levels of MP in ethnic minority individuals, but these 

were either in isolation or in participants with co-morbidities who were not ‘healthy.’ None 

looked at the comparative profiles of MP in healthy individuals amongst different ethnic groups 

to determine their predisposition to CVD. Three other reports (Freeman et al., 2018; Eitan et 

al., 2017; Noren Hooten et al., 2019) have compared healthy Black African and White 

individuals and found no differences in MP using nanoparticle tracking analysis (NTA) which 

has been reported to be lacking in detection sensitivity (Maas et al., 2015) and may have failed 

to identify distinct populations of MP. Cell-specific markers and differences in size presented 

by Freeman et al. (2018) did not differentiate between ethnicities, highlighting limitations in 

these earlier studies, which we have set out to address in this manuscript. 

We utilized flow cytometry, the most robust and appropriate method for analysing distinct MP 

populations (Cointe et al., 2016). Our study did not determine the parental origin of the MP 

because it was outside the scope of our study remit. However, it is reasonable to assume that 

most MP within each plasma sample was of platelet origin, this being the most abundant MP 

type (van Niel et al., 2018). Analysis of MP revealed the presence of smaller MP in all healthy 

individuals, which were significantly more numerous in Black African individuals. Few other 

published works have investigated the presence of smaller MP in healthy Black African or 

White individuals, and these were significantly smaller in size (Freeman et al., 2018; Eitan et 

al., 2017; Noren Hooten et al., 2019) and may possibly be exosomes (Cointe et al., 2016). These 

studies found no difference between ethnicities. 

The clinical significance of the smaller MP detected in our study is unclear and requires further 

investigation but work in our laboratory associates smaller MP with cellular dysfunction and 

disease progression (Martin et al., 2018), which is supported by others (Noren Hooten et al., 

2019; Borghesan et al., 2019; García Garre et al., 2019; Jy et al., 1995). The ethnicity of 

subjects was, however, not mentioned in these studies. Further analysis revealed that larger MP 

was more numerous, but not significantly, in ethnic minority individuals. Evidence shows that 

vesicles of different sizes are enriched with distinct proteins, have differential functions, and 

locate at distinct sites (Buzás et al., 2018; Kowal et al., 2016). A more detailed analysis of the 

composition and contents of these smaller and larger MP might provide insight into their roles 

in CVD ethnic minority individuals. 

The previously unreported significant increase in circulating PS-expressing MP from Black 

African individuals presented here has implications for increased thrombosis, oxidative stress, 

and adhesion. Thrombin generation appears to be dependent on exposed PS, which acts as a 

platform for coagulation and possibly also has a role in TF decryption (Spronk et al., 2014), 

disseminating a hypercoagulable status. Curiously, this increase in PS-expressing MP was not 

seen in South Asian individuals, and it is possible that alternative factors might direct 

thromboembolic events in these individuals. 

We found no significant differences in the number of TF-expressing MP between all groups, 

but antigen assays do not distinguish between encrypted and decrypted active forms of TF. 

Mayr et al. (2009) reported decreased in vivo LPS-activated MP TF activity in healthy Black 

individuals, with no differences in baseline activity. This was, however, assayed using plasma 

rather than isolated MP and could therefore be attributed to platelets and not MP alone. When 

we assayed the TF activity of isolated MP, we found significant increases in the activity of 

ethnic minority MP over the 25 min incubation, which was maintained when the data were 



African Journal of Biology and Medical Research 

ISSN: 2689-534X 

Volume 6, Issue 2, 2023 (pp. 43-70) 

53 Article DOI: 10.52589/AJBMR-YTFDLV0G 

  DOI URL: https://doi.org/10.52589/AJBMR-YTFDLV0G 

www.abjournals.org 

adjusted as TF activity per 106 MP. This was not seen in MP from healthy White individuals. 

The increases seen in ethnic minority MP are novel and could perhaps be due to differences in 

expression and/or dynamics of the decryption of TF to its coagulant form. MP may participate 

in both TF-dependent and alternative TF-independent mechanisms of thrombosis, such as 

interactions with ROS (Gutmann et al., 2020) or integrin initiation (Schwarz et al., 2002). 

ROS has far-reaching modulatory, effector, and activating effects, particularly in disease states 

where there is an imbalance in homeostasis and is also thought to play a role in regulating 

coagulation and haemostasis by activating TF (Vara et al., 2014). We observed a significant 

increase in ROS from Black African MP, which might affect the oxidative phenotype 

(Feairheller et al., 2011) and endothelial cell dysfunction (Brown et al., 2011) observed 

previously in ethnic minorities. This increase in ROS was not observed in MP from South 

Asian individuals, and this difference between ethnic groups may be associated with the excess 

risk of CVD in Black African individuals (Ho et al., 2022) and may warrant further 

investigation. 

When naïve endothelial cells were incubated with ethnic minority MP in vitro, we observed a 

significant increase in endothelial TF expression. This increase might be due to the uptake and 

recycling of MP TF, as analysis of endothelial cells incubated with TF-positive MP did not 

reveal any responsive de novo TF mRNA (Collier et al., 2013). Even so, the presence of 

increased TF on endothelial cells induced by Black African and South Asian MP will most 

likely affect endothelial dysfunction, perhaps by inducing apoptosis (Aharon et al., 2008). 

Interestingly, we observed two distinct populations of vWF staining on endothelial cells 

incubated with ethnic minority MP which was generally not seen on those incubated with 

White MP. This could reflect the formation of ultra-large vWF strings on the endothelial cell 

surface due to reduced ADAMTS-13 activity (Chauhan et al., 2007), which occurs following 

endothelial activation (Jimenez et al., 2006). We observed no significant differences in 

endothelial cell vWF expression following incubation with MP. However, those incubated with 

ethnic minority MP had three times the vWF expression of cells incubated with MP from White 

individuals, which could promote platelet adhesion and vascular inflammation in vivo (Wu et 

al., 2017). 

Our novel findings on the actions of ethnic minority MP with endothelial cells in vitro assessed 

using SEM, fluorescent membrane-integrators, fluorescent microscopy, and flow cytometry, 

and fluorescent cell-integrators and confocal microscopy, all indicate that both Black African 

and South Asian ethnic minority MP interact with and integrate into endothelial cells noticeably 

more than those from White individuals. These interactions are likely to affect adhesion 

(Rautou et al., 2011), chemokine (Atehortúa et al., 2019) and cytokine (Nomura et al., 2001) 

production, microRNA delivery (Laffont et al., 2013), amongst other effects. These would 

contribute to increased endothelial cell activation and oxidative stress and increased leukocyte 

adhesion on blood vessel walls during pathophysiological processes. 

The study of healthy MP, the molecules they transport, and their interactions with cells will 

increase our understanding of their potential role in cardiovascular disease in ethnic minority 

individuals and enable the exploration of targeted management strategies to reduce this disease 

risk factor.  
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IMPLICATION TO RESEARCH AND PRACTICE 

If ethnic minority MP has a baseline phenotype indicative of chronic inflammation as suggested 

by this study, their disease effects will be further amplified. In addition, our observations 

suggest that different processes and contributions of MP in the development of CVD might 

differ between Black African and South Asian ethnic minority individuals. Ethnic minority 

individuals are underrepresented in medical research, and further investigations of MP from 

healthy White and ethnic minority are required to understand the possible mechanisms of 

cardiovascular health. 

 

CONCLUSION 

In conclusion, the results of our study suggest that Black African MP have a baseline phenotype 

indicative of chronic inflammation, and both Black African and South Asian MP interact with 

endothelial cells and affect a dysfunctional phenotype. This may be associated with the 

susceptibility of certain ethnic minority groups to CVD. Our study has some limitations in the 

small sample of individuals studied. Nevertheless, studying healthy MP and their interactions 

with cells increases our understanding of their role in disease and their potential as disease 

progression and treatment efficacy biomarkers. 

Future Research 

Future research would be to investigate the pro-thrombotic and pro-oxidative phenotype of MP 

from a larger cohort of healthy White and ethnic minority individuals. A more detailed analysis 

of the specific effects, protein profile, and miRNA carriage of the smaller MP should be carried 

out to elucidate their particular role in CVD. 
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Figure 1. Enumeration of circulating MP in healthy White (open circles, n=15), Black 

African (grey circles, n=18), and South Asian (closed circles, n=11) individuals. Plasma-

derived MP was enumerated using flow cytometry. MP counts are represented as median 

(range), and significance was set at P<0.05. Abbreviations: MP, microparticles. Statistics: 

Kruskal-Wallis one-way analysis of variance, posthoc Dunn’s multiple comparison test. 
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(c) (d) 

 

Figure 2. Size of circulating MP. Flow cytometric analysis revealed the presence of two sizes 

of MP: larger HiFSC and smaller LoFSC. Typical flow cytometric dot plot illustrating HiFSC 

and LoFSC gating (Figure 2a). Flow cytometric dot plot showing the positions of 500 nm, 600 

nm, and 1000 nm latex beads to indicate sizes of larger HiFSC and smaller LoFSC MP gating 

(Figure 2b). The smaller (Figure 2c) and larger (Figure 2d) MP from White (open circles, 

n=14), Black African (grey circles, n=12), or South Asian (closed circles, n=8) individuals 

were enumerated. MP counts are represented as median (range), and significance was set at 

P<0.05. Abbreviations: MP, microparticles; HiFSC, high forward scatter; LoFSC, low forward 

scatter. Statistics: Kruskal-Wallis one-way analysis of variance, posthoc Dunn’s multiple 

comparison test. 
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Figure 3. The pro-thrombotic phenotype of MP from White (open circles, n=11), Black 

African (grey circles, n=8), or South Asian (closed circles, n=10) individuals was determined. 

MP were stained with Annexin V or CD142 antibody to assess phosphatidylserine (Figure 3a) 

or tissue factor (Figure 3b) expression respectively and analysed using flow cytometry. MP 

counts are represented as median (range), and significance was set at P<0.05. Abbreviations: 

MP, microparticles. Statistics: Kruskal-Wallis one-way analysis of variance, posthoc Dunn’s 

multiple comparison test. 
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Figure 4. The tissue factor (TF) activity of MP from White (open circles, n=13), Black 

African (grey circles, n=14), or South Asian (closed circles, n=13) individuals was 

determined as the ability of TF to activate factor X to factor Xa and measured over a period 

of 25 min. Total MP TF activity (Figure 4a) and TF activity per 106 MP (Figure 4b) are 

presented. MP TF activity is represented as individual values, and significance was set at 

P<0.05. Abbreviations: MP, microparticles; TF, tissue factor. Statistics: repeated measures 

two-way analysis of variance with Geisser-Greenhouse correction, post hoc Tukey’s multiple 

comparison test. 
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Figure 5. Effects of MP from White (open circles, n=5), Black African (grey circles, n=5), or 

South Asian (closed circles, n=5) individuals on the phenotype of endothelial cells were 

determined (Figure 5). An endothelial cell line EA.hy926 was seeded,  and incubated overnight 

with MP, cells were then harvested, stained with an antibody against tissue factor (TF) and 

analysed using flow cytometry. TF expression is represented as median (range,) and 

significance was set at P<0.05. Abbreviations: MP, microparticles; TF, tissue factor; RFU, 

relative fluorescence units. Statistics: Kruskal-Wallis one-way analysis of variance, post hoc 

Dunn’s multiple comparison test. 
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Figure 6. Effects of MP from White (open circles, n=5), Black African (grey circles, n=5), or 

South Asian (closed circles, n=5) individuals on the pro-thrombotic phenotype of endothelial 

cells were determined (Figure 6). An endothelial cell line EA.hy926 was seeded and incubated 
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overnight with MP; cells were then harvested, stained with an antibody against von Willebrand 

Factor (vWF) and analysed using flow cytometry. Typical vWF fluorescence histograms are 

shown for unstained endothelial cells (Figure 6a), those incubated with White MP (Figure 6b), 

Black African MP (Figure 6c), or South Asian MP (Figure 6d). Two distinct populations of 

vWF staining were observed in 70% of ethnic minority samples. However, these were seen in 

only 40% of samples incubated with White MP. vWF expression is represented as median 

(range) and significance was set at P<0.05 (Figure 6e). Abbreviations: MP, microparticles; 

vWF, von Willebrand Factor; RFU, relative fluorescence units. Statistics: Kruskal-Wallis one-

way analysis of variance, post hoc Dunn’s multiple comparison test. 

 

 

 

 

Figure 7. Effects of MP on the gross morphology of endothelial cells were assessed. An 

endothelial cell line EA.hy926 was seeded,  incubated overnight with MP, fixed and 

dehydrated, and imaged using scanning electron microscopy. Typical representative images 

are shown. Endothelial cells incubated with media alone (Figure 7a) and MP from White 

individuals (Figure 7b) have very similar gross morphology, whereas those incubated with MP 

from Black African (Figure 7c) and South Asian (Figure 7d) individuals had uneven surfaces, 

membrane ruffling and possible interactions or adherence of MP on the cell surface (white 

arrows). (all at 10KX magnification, space bar 2 µm). Abbreviations: MP, microparticles. 
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Figure 8. Interactions of MP with endothelial cells were assessed. An endothelial cell line 

EA.hy926 was seeded,  and incubated overnight with MP, which had been labelled with a 

fluorescent membrane integrator, and interactions were determined using fluorescence 

microscopy. Typical representative images obtained from flow cytometry are shown for 

unstained MP (Figure 8a) and those incubated with Calcein (Figure 8b). No fluorescence was 

observed on cells incubated with media alone (Figure 8c), whilst staining was seen on cells 

incubated with fluorescent MP from White individuals (Figure 8d), Black African (Figure 8e), 

and South Asian (Figure 8f) individuals. Endothelial cells incubated with MP from both Black 

Africans and South Asians showed significant fluorescence.  Abbreviations: MP, 

microparticles. (all at 40X magnification, space bar 100 µm). 
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Figure 9. Integration of MP from White (Figure 9a), Black African (Figure 9b), and South 

Asian (Figure 9c) individuals into endothelial cells was assessed using confocal microscopy. 

Endothelial cells were stained with CellTracker™ (CT) Green dye, MP with CT Red, and 

nuclei with blue Hoechst 33342. Typical representative images are shown. Integration of ethnic 

minority MP was observed (yellow arrows). Abbreviations: MP, microparticles. (all at 40X 

magnification, space bar 100 µm). 
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TABLES 

Table 1. The pro-oxidative phenotype of MP from White, Black African, or South Asian 

individuals. 

Microparticles Reactive oxygen species signal (DCFH-DA RFU) 

White 55.28 (18.08-175.30) 

Black African 208.90 (148.40-267.70) (vs White, P<0.007) 

South Asian 193.30 (87.62-218.90) 

 

 

Table 1. The pro-oxidative phenotype of MP from White (n=7), Black African (n=7), or South 

Asian (n=7) individuals was determined. MP was assessed for reactive oxygen species (ROS) 

content with DCFH-DA and analysed using flow cytometry. MP ROS is represented as the 

median (range), and significance was set at P<0.05. Abbreviations: MP, microparticles; ROS, 

reactive oxygen species; DCFH-DA, 2’,7’-Dichlorofluorescin diacetate; RFU, relative 

fluorescence units. Statistics: Kruskal-Wallis one-way analysis of variance, post hoc Dunn’s 

multiple comparison test. 

 

Table 2. Interactions of MP from White, Black African and South Asian individuals with 

endothelial cells. 

Microparticles Fluorescent endothelial cells (%) 

White 8.40 (7.85-9.63) 

Black African 10.43 (9.06-14.30) 

South Asian 12.42 (10.13-14.24) (vs. White, P<0.03) 

 

Table 2. Interactions of MP White, Black African, and South Asian (all n=5) individuals with 

endothelial cells were assessed. An endothelial cell line EA.hy926 was seeded  and incubated 

overnight with MP which had been labelled with a fluorescent membrane integrator, and 

interactions with cells were determined using flow cytometry. Fluorescent endothelial cells are 

represented as median (range), and significance was set at P<0.05. Abbreviations: MP, 

microparticles. Statistics: Kruskal-Wallis one-way analysis of variance, post hoc Dunn’s 

multiple comparison test. 
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