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Abstract  

 
Microparticles (MP) derived from monocytes are known as monocytic microparticles (mMP). 

To date, the morphology of microparticles (MP) derived from different monocyte subsets, 

CD14+ monocytes and CD16+ monocytes is still unclear. Therefore, the morphology and size 

of mMP derived from both monocytes were assessed. Monocyte subsets were isolated by 

immunomagnetic selection followed by lipopolysaccharide stimulation and subsequently mMP 

were isolated by ultracentrifugation. Our data have shown that mMP appear as a single particle 

with no variation in size. In conclusion, mMP derived from different monocyte subsets exhibit 

similar morphology and size despite their antigenic differences. 
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Introduction  
 

 Microparticles (MP) are one of the extracellular vesicles that play important role in 

intercellular communication and possibly biomarkers for disease diagnosis [1]. MP are 

heterogeneous in size and are found in various body fluids [2]. Following cell stimulation, a 

redistribution of lipids occur which lead to MP formation and release through budding [3]. MP 

are also released by platelets, endothelial cells as well as monocytes [4].  

 

 Human blood monocytes consist of the classical CD14++CD16- monocytes, 

intermediate CD14+CD16+ monocytes and non-classical CD14+CD16++ monocytes [5]. 

Different monocyte subsets play different role such as the classical monocytes are highly 

phagocytic and are known to be important scavenger cells while the intermediate monocytes 

are involved in proliferation and stimulation of T cells [6]. In the presence of stimuli such as 

lipopolysaccharide (LPS), calcium ionophore, histamine, and P-selection, monocytes secrete 

monocytic microparticles (mMP). It has been suggested that mMP released by different 

monocyte subsets would eventually play different role in the immune system [1].  

 

 Previous study has identified the morphology of MP derived from B-lymphocytes by 

scanning electron microscopy (SEM) [7] but not MP derived from monocytes. Other study has 

shown that the combination of transmission electron microscope (TEM) and SEM, platelet‐

derived MP were diverse in size, shape and density [8]. On the other hand, dynamic light 

scattering (DLS) were used to compare between the polydispersity of homogenous and 

heterogeneous population of platelets in the presence of MP [9]. The size of MP derived from 

platelets was less than 1000 nm as determined by DLS [10]. Although the size of mMP derived 

from THP-1 cells has been previously identified [11], the size of mMP derived from primary 

monocyte subsets is unknown. Therefore, this is the first study performed to determine the 

morphology and size of MP derived from CD14+ monocytes and CD16+ monocyte subsets. 
 

Materials and methods 
 

Monocyte subsets isolation 

 

 Human blood samples were collected from healthy donors with appropriate informed 

consent as approved by the Research Ethics Committee (Human) USM 

(USM/JEPeM/15040128). Healthy donors of 21 to 45 years old were selected with no previous 

history of serious medical conditions and are not on medication. Briefly, 10 ml of blood were 

collected from each donor (5-10 donors). PBMC were isolated by density gradient 

centrifugation using lymphocyte separation medium (Corning), washed with 1X PBS 

(Amresco) before being resuspended in appropriate buffer or media.  

 

 Isolation of human whole blood monocytes from peripheral blood mononuclear cells 

(PBMC) was performed using Human Pan Monocyte Isolation Kit (Miltenyi Biotec) according 

to the manufacturer’s protocol. Further isolation was performed to purify CD14+ monocytes 

and CD16+ monocytes from the whole monocytes using CD16+ Monocyte Isolation Kit 

(Miltenyi Biotec). CD14+ monocytes and CD16+ monocytes were isolated from the negative 

and positive fractions respectively.  
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Monocytic microparticles (mMP) isolation  

 

 Whole monocytes, CD14+ monocytes, and CD16+ monocytes were stimulated with 1 

µg/ml LPS (Sigma-Aldrich) for 18 hours. All cell types were centrifuged at 500 xg for 5 

minutes and 1,200 xg for 5 minutes followed by ultracentrifugation at 20,000 xg for 60 minutes 

at 4°C to pellet down the mMP. 

 

Scanning electron microscopy (SEM) analysis 

 

 The morphology of mMP derived from monocyte subsets was assessed by FEI Quanta 

450 Scanning Electron Microscope (SEM) (FEI). Monocytic MP of 20 µl were placed on the 

coverslips for 5 minutes. McDowell and Trump’s fixative was used as a primary fixation at 

4°C followed by washing with 0.1 M PBS. Samples were then post-fixed with 1% osmium 

tetroxide (OsO4) (Sigma-Aldrich) for 1 hour at 4°C followed by dehydration by acetone 

(Sigma-Aldrich) gradual series: 50, 75, 95 and 100% at room temperature. The coverslips were 

immersed in 100% hexamethyldisilazane (HMDS) (Electron Microscopy Sciences) solution 

for 10 minutes at room temperature followed by air drying. A coating of 23 nm gold was applied 

by using a sputter coater (Leica) and viewed under a High Voltage (HV) of 5.00 kV and working 

distance (WD) of 10 mm. Images of mMP were viewed at 500× and 5000× magnifications. 

Monocytic MP were identified on SEM by standardised counting based on ten different 

selected areas within the same sample. 

 

Dynamic Light Scattering (DLS) analysis 

  

 DLS measurement was performed by using NANOPHOX (Sympatec GmbH) equipped 

with a 10 mW He-Ne laser beam at a wavelength of 632.8 nm and 90° scattering angle at room 

temperature. The mMP were dispersed in 300 µl ultrapure water and measured directly without 

filtration. The measurement was performed using a 3D cross-correlation function of the 

scattering intensity, which was then analysed using cumulant analysis to obtain the 

hydrodynamic diameter of the mMP.  

 

Statistical analysis 

 

 The data were analyzed using the Wilcoxon signed rank test and presented as median ± 

interquartile range (IQR). Values of p < 0.05 was considered statistically significant.  
 

Results 
 

 Purified mMP samples from whole monocytes, CD14+ monocytes and CD16+ 

monocytes were subjected to SEM. By using the same magnification and working distance 

(WD), the morphology of all mMP appeared as fine, round shape in vesicle form (Fig. 1A). 

Besides, the populations of mMP also appeared as separate particles and aggregates.  

 

 The number of mMP was then calculated on ten different selected areas within the same 

sample performed on the SEM. The median number of mMP derived from LPS-stimulated 

whole monocytes were significantly higher compared to unstimulated mMP (p < 0.05) (Fig 

1B). However, the number of mMP derived from CD14+ monocytes and CD16+ monocytes 

was not significantly different.  
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 The size of mMP derived from whole monocytes, CD14+ monocytes, and CD16+ 

monocytes were then determined by DLS. The size of all mMP was approximately 140 nm in 

average and ranged between 100 to 200 nm (Fig 1C). Meanwhile, the mean polydispersity 

index (PDI) values of mMP derived from whole monocytes, CD14+ monocytes, and CD16+ 

monocytes were 0.0065 (Table 1). 
 

 

 

Fig. 1: The morphology and size of mMP as determined by SEM and DLS respectively. 
(A) mMP samples from whole monocytes, CD14+ monocytes and CD16+ monocytes were 

purified and subjected to SEM by using 5000× magnification. Red and yellow arrows indicate 

the round shape of mMP and aggregates of mMP, respectively. Populations of single mMP were 

gated in each image as shown by black circles. (B) The number of mMP derived from whole 

monocytes, CD14+ monocytes, and CD16+ monocytes were calculated based on ten different 

selected areas within the same sample. The graphs are expressed as median ± IQR. The 

indicated p values represent; *p < 0.05 (n=3). (C) The size of mMP derived from whole 
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monocytes, CD14+ monocytes, and CD16+ monocytes as determined by DLS. The plots are 

representatives of all mMP subtypes. 
 

Table 1: Polydispersity index (PDI) of mMP 

 

Whole monocytes-

derived mMP 

CD14+ monocytes- 

derived mMP 

CD16+ monocytes- 

derived mMP 

-LPS +LPS -LPS +LPS -LPS +LPS 

Mean Size 

(nm) 
129.6 154.8 118.6 127.5 115.6 124.8 

SD 13.36 5.85 5.69 5.37 16.40 8.95 

*PDI 0.01 0.001 0.002 0.001 0.02 0.005 

Notes: LPS=lipopolysaccharide; SD= standard deviation. *Mean = 0.0065 
 

Discussion 
 

 The identification of morphology and size of mMP derived from different monocyte 

subsets has never been reported. In this study, mMP was generated from LPS stimulation of 

whole monocytes, CD14+ monocytes and CD16+ monocytes followed by differential 

centrifugations to isolate mMP. This method consists of sequential centrifugations, by 

increasing in speed and time to pellet particles which are decreasing in size [12]. In this study, 

initial centrifugation has successfully depleted cellular debris followed by additional 

centrifugation to remove apoptotic bodies. The supernatants collected by each centrifugations 

were subjected to ultracentrifugation at 4°C to recover the mMP [7]. All procedures were 

carried out at 4°C to maintain the functional properties of isolated mMP [13].  

 

 Immuno-affinity beads detection by fluorescence-activated cell sorting (FACS) allows 

the detection of individual mMP subpopulations but does not give an overall view of the mMP 

heterogeneous populations [14] and only offers a lower detection limit of approximately 300 

to 500 nm [15]. Therefore, to precisely determine the size of mMP, direct imaging technique 

is preferred due to its intuitive high-resolution visualization of particles and the minimal 

influence of artefacts in size determination [16]. Electron microscopy has been considered as 

a standard imaging method for observing extracellular vesicles, including mMP [17] which 

was used in this study. 

 

 The images of mMP derived from whole monocytes, CD14+ monocytes and CD16+ 

monocytes were observed by SEM at 5000× magnification. Monocytic MP were mainly appear 

as round shape in vesicle form which is consistent with previous report [18]. However, some 

mMP also appear as separate particles as well as in aggregates. The aggregates may be due to 

sample preparation that involves fixation and dehydration which causes insignificant size or 

morphology alterations [19].  

 

 To correctly identify mMP population, the number of mMP in each SEM figure were 

only counted based on single appearance as round in shape rather than in aggregates. The 

number of mMP derived from LPS-stimulated whole monocytes were significantly higher 
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compared to unstimulated mMP. However, when the monocyte subsets were separated, the 

number of mMP obtained decreased. In an in vivo endotoxemia model, the number of monocyte 

subsets was reduced from the circulation following LPS stimulation possibly due to monocytes 

patrolling behaviour to the vessel walls [20]. However, the clear mechanism of how monocytes 

decrease during in vitro condition is unclear.   

 

 Dynamic light scattering (DLS) has been widely used to characterize the size and 

polydispersity of particles ranging in size between 3 to 7000 nm [21] which was used in this 

study. The average particle size of mMP measured using NANOPHOX analyser was 

approximately 140 nm which was within the size range of mMP. Accurate size distributions 

are expected for monodisperse samples, which are vesicles with only one size. Therefore in 

this study, Polydispersity Index (PDI) was used to estimate the average uniformity of a particle 

solution in which a particle is considered monodisperse when the PDI value is less than 0.1 

[22]. All PDI values of mMP derived from whole monocytes, CD14+ monocytes, and CD16+ 

monocytes were less than 0.1. This suggests that mMP isolated by ultracentrifugation in our 

laboratory exhibit monodisperse property with no variation in particle size.  

 

Conclusion 
 

 In conclusion, this is the first study that identify the morphology and size of mMP 

derived from human blood monocytes subsets. The morphology of mMP appear as round in 

shape as a single particle. The size of mMP was approximately 140 nm which is within mMP 

size range while the mean dispersity value was 0.0065 which suggests that mMP are 

monodisperse. Future study is recommended to accurately detect single mMP by particle 

number concentration rather than intensity.  
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