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Abstract. Microvesicles (MVs) in body fluids participate 
in a variety of physical and pathological processes, and are 
regarded as potential biomarkers for numerous diseases. Flow 
cytometry (FCM) is among the most frequently used tech-
niques for MV detection. However, different handling methods 
unavoidably cause pre-analytical variations in the counts and 
sizes of MVs determined by FCM. The aim of the present study 
was to investigate the effect of centrifugation, storage condi-
tions and anticoagulant on MV measurements. Blood samples 
were obtained from 13 healthy donors, including 4 women and 
9 men. Calcein-AM staining was used to label MVs and assess 
the impact of pre-analytical preparation, including centrifuga-
tion, and storage conditions on MV measurements obtained 
using FCM. The range of factors investigated for comparison 
included: Platelet‑free plasma (PFP) stored at ‑80˚C for 1 or 
4 weeks; MVs stored at 4˚C for 3‑4 days or 1 week; MVs frozen 
at ‑80˚C for 1 or 4 weeks; and anticoagulants, either heparin 
or ethylenediaminetetraacetic acid (EDTA). No statistically 

significant differences in MV counts were detected between 
the two centrifugation speeds (16,000 and 20,500 x g) or among 
the three centrifugation times (15, 30 and 60 min) investigated. 
Similarly, no significant differences were noted in MV counts 
between the two anticoagulants tested (heparin and EDTA). 
However, the storage of PFP or MVs in heparin-anticoagulated 
plasma for different periods markedly affected the detected 
MV counts and size distribution. The counts and sizes of MVs 
from EDTA-anticoagulated plasma were only affected when 
the MVs were frozen at ‑80˚C for 4 weeks. In conclusion, 
calcein‑AM is able to efficiently identify MVs from plasma and 
may be an alternative to Annexin V for MV staining. EDTA 
preserves the MV counts and size more accurately compared 
with heparin under calcein-AM staining. PFP centrifuged 
at 16,000 x g for 15 min is sufficient to isolate MVs, which 
enables the batch processing of samples. PFP, rather than MVs 
alone, appears to be the preferable mode of sample storage, 
as MVs stored in PFP were less affected by storage tempera-
ture and duration. The present study provides a methodology 
for MV collection, storage and isolation, to facilitate further 
investigation of MVs as biomarkers in disease.

Introduction

Microvesicles (MVs) are a heterogeneous group of 
membrane vesicles, with a size range of 100-1,000 nm, 
which are shed by various cell types in physiological and 
pathological conditions (1). MVs have been identified in a 
number of body fluids, including the plasma, serum, urine, 
saliva, breast milk, amniotic fluid and ascites (2-7). The 
counts and contents of MVs in circulation depend on the 
cells of origin and the stimuli that trigger MV produc-
tion. Studies observing plasma by flow cytometry (FCM) 
have revealed correlations between MV counts and other 
characteristics of human hematologic disorders (8), cardio-
vascular (9) and autoimmune diseases (10), and cancer (11,12).  
Therefore, circulating MVs represent promising biomarkers 
and may have diagnostic and prognostic value for diseases.
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However, due to different methods used for collection, 
storage and isolation, pre-analytical variations in MV detec-
tion are unavoidable (13-16). A number of anticoagulants are 
used in blood samples collected for MV analysis, including 
heparin (13,17), acid-citrate-dextrose (18), ethylenediami-
netetraacetic acid (EDTA) (14) and sodium citrate (19). 
Previous studies have reported that heparin and EDTA lead to 
conflicting results of MV count (15,16). In addition, different 
centrifugation speeds and times are used to isolate MVs; 
however, the effect of different centrifugation conditions on 
MV count are unclear (8,20). Furthermore, storage status, time 
and temperature may markedly affect MV counts, as observed 
in previous studies (13,15). Recent studies have demonstrated 
that MV size distribution may differ in response to various 
forms of stress in vitro (20,21), indicating the significance of 
MV size in diseases. However, the effects of sample collection 
procedures and processing on MV size distribution have not 
been well-characterized.

The aim of the present study was to investigate the impact 
of pre-analytical sample preparation procedures and condi-
tions on the counts and size distribution of MVs assessed 
using FCM.

Materials and methods

Reagents. Calcein-AM (C1430) was obtained from Life 
Technologies (Carlsbad, CA, USA) and used for MV staining 
as previously described (20). Calibration beads of 1 µm 
(L1030) and 3 µm (LB30) were purchased from Sigma-Aldrich 
(St. Louis, MO, USA) to define the MV gate and calculate MV 
counts. A submicron bead calibration kit (no. 832) was obtained 
from Bangs Laboratories, Inc. (Fishers, IN, USA) to verify the 
resolution capabilities of the flow cytometer and define the size 
distribution of MVs. Phosphate-buffered saline (PBS) solution 
(SH30256.01B) was purchased from HyClone Corporation 
(Logan, UT, USA), and filtered through a 0.22‑µm filter (EMD 
Millipore, Billerica, MA, USA) to minimize interference from 
particles in PBS.

Blood sample collection. Optimization of MV detection was 
performed using samples from healthy individuals. Written 
informed consent was obtained from 13 donors (female, 4; 
male, 9; age range, 22-33 years; median age, 26 years) under 
a protocol approved by the local Institutional Review Board 
of Tongji Medical College (Wuhan, China). All participants 
fasted for 10 h prior to sample collection. A total of 26 blood 
samples were collected from the 13 donors and 21-gauge 
needles were used to place the samples in BD vacutainers (BD 
Biosciences, Franklin Lakes, NJ, USA) of which the inner wall 
were sprayed with heparin or EDTA. There were 2 samples 
from each donor and 2 ml per sample. These samples were 
used for the evaluation of the effect of storage conditions and 
anticoagulant on MV counts and size distribution. To assess 
the impact of centrifugation speed and time, 8 specimens were 
collected from healthy individuals (female, 4; male, 4; age 
range, 24-26 years; median age, 25 years) and placed in BD 
vacutainer tubes with heparin sprayed on the inner wall, 2 ml 
per sample. For all samples, the first 3 ml of blood collected 
following venepuncture was discarded. All samples were 
centrifuged within 2 h from collection.

Preparation of platelet‑free plasma (PFP). PFP was obtained 
from anticoagulated blood as previously described (15) with 
certain modifications. Briefly, whole blood samples were 
centrifuged at 2,500 x g for 30 min at 20˚C, and plasma was 
collected and centrifuged for an additional 30 min at 2,500 x g. 
Next, the supernatant was collected and aliquots of 100 µl PFP 
were stored at ‑80˚C for 1 or 4 week until use, or MVs were 
isolated immediately.

Isolation of MVs. MVs were isolated from PFP, that was stored 
at ‑80˚C and thawed rapidly to 37˚C prior to use (13). The PFP 
was centrifuged at 20,500 x g for 60 min at 4˚C to obtain a 
MV pellet, as described by Ghosh et al (8). The centrifuge 
tube was tipped to discard the supernatant, leaving the pellet 
at the bottom undisturbed. The MV pellet was resuspended 
in 100 µl PBS by gentle vortexing for 20 sec for immediate 
analysis using FCM, or storage at 4˚C for 3‑4 days or 1 week 
or or ‑80˚C for 1 or 4 week prior to analysis. Unless otherwise 
indicated, MVs freshly obtained from PFP without any storage 
were used as controls.

In order to investigate the effects of centrifugation speed 
and duration on MV analysis, PFP from heparin-anticoagulated 
blood was immediately centrifuged at 4˚C and 16,000 or 
20,500 x g, for 15, 30 or 60 min to isolate MVs. MVs obtained 
at 20,500 x g were regarded as the control in this section. The 
workflow is outlined in Fig. 1.

FCM analysis of MVs. Data were acquired and analyzed using 
a BD LSR II flow cytometer (BD Biosciences) equipped with 
FACSDiva software. Forward scatter (FSC) and side scatter 
(SSC) of light were set in a logarithmic scale, and the fluores-
cence channels were set at logarithmic gain. Calibration beads 
were used to set the MV gate and to calculate the MV counts.

In order to distinguish true events from electronic noise and 
increase the specificity of MV detection, events in the MV gate 
were further discriminated by labeling with calcein-AM (20). 
MVs were defined as particles <1.0 µm in diameter that exhib-
ited positive staining for calcein-AM. Individual MV samples 
were labeled with 0.5 µl calcein-AM (5 µmol/l) for 25-30 min 
in the dark and diluted to a final volume of 300 µl. The time 
and concentration employed was optimized by titration. 
MV samples prepared in PBS without calcein-AM were used 
as negative controls.

For calculation of MV counts, 3-µm calibration beads 
(0.5 µl) were added immediately prior to analysis. Gain 
settings were adjusted to place the beads in the top right corner 
for scatter. The equation MV=GMV x TC/(GTC x V) was used to 
calculate the absolute counts of MVs in single staining, where 
GMV is the number of events in the MV gate, GTC is the number 
of events in the 3-µm calibration bead gate and TC is the 
number of beads added to the sample of volume V (15,22,23). 
Data acquisition stopped when the number of events in GTC 
reached 100,000. The original data analysis was performed 
using FACSDiva software (version 6.1.2; BD Biosciences), and 
FlowJo software (version 7.6.2; Treestar, Inc., Palo Alto, CA, 
USA) was applied to analyze the size distribution.

Statistical analysis. Statistically significant differences were 
compared among groups using the independent-samples 
t-test. Analysis was performed using SPSS statistical software 
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(version 16.0; SPSS, Inc., Chicago, IL, USA). Two-sided 
P-values were used throughout. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Data acquisition, gating and counting strategy. Scatter events 
from size calibration beads of 0.2, 0.5, 0.8, 1 and 3 µm were 
resolved from instrument noise using the BD LSR II flow 
cytometer (Fig. 2). Inspection of the scatter plot indicates 
that 0.2 µm is the lower limit for bead detection (Fig. 2B). 
Calibration beads of 0.2, 0.5 and 0.8 µm were additionally 
used to define the size distribution of MVs. As shown in 
Fig. 2D, MVs may be divided into three size ranges of 0.2-0.5, 
0.5-0.8 and 0.8-1.0 µm in diameter. Fig. 2E is the histogram 
of the data presented in Fig. 2A, verifying the applicability of 
size distribution defined by the small beads.

In the present study, MVs were defined as particles that 
were <1.0 µm in diameter and positive for calcein‑AM staining. 
As shown in Fig. 2F, events in the P6 gate were regarded as 
MVs from plasma. MV counts were calculated by reference 
to added 3-µm calibration beads. According to the product 
information from Sigma-Aldrich, the number of particles per 

microliter of these beads is 6.8x106, and 0.5 µl beads were 
added per experimental sample. Thus, the number of particles 
added per sample was 3.4x106. Data acquisition stopped when 
events in the P2 gate (3-µm calibration beads gate) reached 
100,000; events in the P6 (MV) gate were recorded simultane-
ously. The number of MVs was calculated according to the 
formula described in the methods section.

MV counts and size distribution are not affected by centrifu‑
gation speed or time. Various centrifugation speeds and times 
have been used in previous studies for MV isolation (8,13,20); 
however, the effect of these variations in the parameters on MV 
counts and size distribution is unclear. In the present study, 
the differences arising from the various methods used for MV 
isolation were investigated. MVs isolated by centrifugation at 
16,000 or 20,500 x g for 15, 30 or 60 min were analyzed using 
FCM. No statistically significant differences were detected in 
MV counts or size distribution between samples prepared at 
different centrifugation speeds, or among samples centrifuged 
for different times at identical speeds (Fig. 3).

Counts and size of MVs from heparin‑anticoagulated samples 
vary with storage conditions. A number of studies have 

Figure 1. Sample treatment flowchart showing the experimental strategy for evaluating variables of collection, storage and isolation for MV counts and size 
distribution using FCM detection. (A) Blood samples were collected in BD Vacutainers tubes with heparin sprayed on the inner wall and centrifuged twice 
at 2,500 x g for 30 min to obtain PFP. A number of aliquots were centrifuged at 16,000 or 20,500 x g for 15, 30 or 60 min at 4˚C to obtain MVs, which were 
analyzed immediately to evaluate the influences of centrifugation speed and time on MV count and size distribution. Other PFP aliquots were centrifuged at 
20,500xg for 1 h at 4˚C to obtain MVs, or stored at ‑80˚C for various periods prior to isolation of the MVs. Subsequently, these MVs were analyzed immediately 
or stored at 4 or ‑80˚C for various periods until required for analysis using  FCM. (B) Blood samples were collected in BD Vacutainers tubes with EDTA 
sprayed on the inner wall. Following double centrifugation at 2,500 x g for 30 min the supernatants were transferred to other tubes. Aliquots of 100 µl were 
centrifuged at 20,500 x g for 1 h at 4˚C to obtain MVs, or stored at ‑80˚C for various periods prior to isolation of the MVs. MVs were analyzed immediately, 
or stored at 4 or ‑80˚C for various periods prior to analysis by FCM. EDTA, ethylenediaminetetraacetic acid; PFP, platelet‑free plasma; MV, microvesicle; 
FCM, flow cytometry.

  A   B
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Figure 3. Impact of centrifugation speed and duration on MV counts and size distribution. Differences in (A) MV count and (B) size distribution, respectively. 
Also, representative dot plot and histogram showing the effects of centrifugation speed on MV count and size distribution for samples from a single individual 
are presented: (C) Samples centrifuged at 20,500 x g; and (D) samples centrifuged at 16,000 x g. Data are expressed as the mean ± standard error of the mean. 
aNo statistically significant difference. MV, microvesicle; SSC, side scatter; FSC, forward scatter.

  A   B

  C

  D

Figure 2. Gating and counting strategy. Representative dot plots and histograms illustrate gating and counting strategy for flow cytometric analysis of MVs. 
(A) 1 µm (a mixture of 0.9 and 1.1 µm) beads from Sigma-Aldrich were used to set the MV gate and establish appropriate instrument settings. The MV gate 
was defined as <1.0 µm. (B) A small bead calibration kit was used to verify the resolution capabilities of the flow cytometer, and to define the size distribution 
of MVs. (C) Representative dot plot for the 3-µm beads used for MV counting. (D) Histogram of size distributions from the data in Fig. 2B. (E) Histogram of 
size distribution from the data in Fig. 2A, verifying the applicability of Fig. 2D. (F) Representative sample of MV counting from the same individual as for 
the data in Fig. 2G. (G) An individual sample of MVs without calcein-AM staining was used as the calcein-AM negative control. (H) Histogram of the data 
in Fig. 2F, normalized against Fig. 2G. Red lines indicate data from Fig. 2G and blue lines indicate data from Fig. 2F. SSC, side scatter; FSC, forward scatter.

  A   B   C   D   E

  F   G   H
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reported that heparin is able to preserve MV counts (15,16). 
Therefore, in the present study, heparin was used as the 
primary anticoagulant in collected samples. In order to inves-
tigate the effect of storage conditions on MV counts and size 
distribution, the PFP or MVs were stored for different periods 
at various temperatures until analysis (Fig. 4A, C, E and F).

Counts and size of MVs from PFP stored at ‑80˚C for 1 or 
4 weeks were compared with the control samples (MVs that 
were isolated immediately). Fig. 4C demonstrates that MV 
size, but not count, was significantly affected. After 1 week of 
storage of PFP, MV size was larger compared with that of the 
control samples, with an increased percentage of 0.8-1.0 µm 
MVs observed compared with the control (P=0.025). After 
4 weeks, the percentage of MVs distributed in the 0.8-1.0 µm 
group significantly increased (P=0.006), while the percentage 
in the 0.2-0.5 µm group decreased compared with the 
control (P=0.038).

In addition to PFP, MVs is another mode of storage. It was 
observed that freezing MVs at ‑80˚C markedly affected the MV 
count and size (Fig. 5). MV counts significantly reduced after 
MVs were stored for 1 or 4 weeks at ‑80˚C (1 week, P=0.006; 
4 weeks, P<0.001) compared with the control, whereas the 
percentage of MVs in the 0.8-1.0 µm bead size group increased 

(1 week, P=0.018; 4 weeks, P=0.014). By contrast, MV counts 
and size distribution did not change after MVs were stored at 
4˚C for 3‑4 days or 1 week (Fig. 5A and B).

MVs from EDTA‑anticoagulated samples. Although a 
number of studies (15,16) have indicated that MVs from 
EDTA-anticoagulated plasma do not accurately evaluate the 
level of circulating MVs, EDTA is the most frequently used 
anticoagulant in clinical settings. On the basis of the protective 
effect of EDTA on blood cells, it was speculated that EDTA 
would protect MVs from storage influences and prolong 
safe storage time. Furthermore, the present study aimed to 
determine whether EDTA was able to function as a feasible 
alternative to heparin.

In the EDTA‑anticoagulated PFP that was stored at ‑80˚C 
for 1 or 4 weeks, no statistically significant increase in MV 
count was detected. Similarly, the size distribution of MVs in 
the PFP stored at ‑80˚C for 1 or 4 weeks was comparable with 
that in the control samples, as shown in Fig. 4B, D, G and H.

MVs from EDTA‑anticoagulated plasma stored at 4˚C for 
0 days (control), 3-4 days or 1 week exhibited no statistically 
significant differences in MV counts. Similarly, the size distri-
bution showed no significant differences in the MVs that were 

Figure 4. Impact of PFP storage at ‑80˚C for 1 or 4 weeks on MV counts and size distribution. Impact of (A) heparin and (B) EDTA on MV counts, as well 
as impact of (C) heparin and (D) EDTA on MV size distribution. Representative histograms of MV counts vs. control samples from a single individual are 
also shown (red lines, control; blue lines, experiment). Platelet-free plasma (PFP) from heparin-anticoagulated plasma at (E) 1 week and (F) 4 weeks. PFP 
from EDTA-anticoagulated plasma at (G) 1 week and (H) 4 weeks. Control samples were collected and centrifuged immediately to isolate MVs (i.e. there 
was no prior storage of the PFP). Data are expressed as the mean ± standard error of the mean. aNo statistically significant difference; bP<0.05; cP<0.01. MV, 
microvesicle; EDTA, ethylenediaminetetraacetic acid.

  A   B

  C   D

  E   F   G   H
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stored at 4˚C for up to 1 week (Fig. 6A‑D), or those frozen at 
‑80˚C for 1 week (Fig. 6A, B and E). However, MV counts 
and size were significantly influenced by freezing at ‑80˚C for 
4 weeks (Fig. 6A, B and F). The number of MVs increased 
(P=0.041 vs. control; Fig. 6A and F), whereas MV size gradu-
ally decreased. The percentage of MVs in the 0.5-0.8 µm size 
distribution group significantly decreased (P=0.008 vs. 
control) and the 0.2-0.5 µm group increased (P=0.014 vs. 
control; Fig. 6B).

MV size distribution is affected by the anticoagulant used, but 
MV count is not. Previous studies have reported differences 
in MV counts between heparin- and EDTA-anticoagulated 
plasma using Annexin V staining (13,15); however, no data has 
been published to elucidate the impact of anticoagulant on MV 
counts following calcein-AM labeling. Therefore, the present 
study compared the counts and size distribution of MVs freshly 
isolated from plasma anticoagulated with heparin and EDTA. 
Notably, no statistically significant differences in the number 

Figure 6. Impact of storage of MVs isolated from EDTA‑anticoagulated plasma at 4 or ‑80˚C for different periods. Impact on (A) MV counts and (B) size 
distribution, respectively. Representative histograms showing the impact of MV storage on MV counts vs. a control sample from the same individual are also 
presented (red lines, control; blue lines, experiment). Samples were stored at 4˚C for (C) 3‑4 days or (D) 1 week, and at ‑80˚C for (E) 1 week or (F) 4 weeks. 
The control sample was collected and centrifuged immediately to isolate MVs, which were not stored. Data are expressed as the mean ± standard error of the 
mean. aNo significance; bP<0.05; cP<0.01. MV, microvesicle; EDTA, ethylenediaminetetraacetic acid.

  A   B

  C   D   E   F

Figure 5. Effect of storage of MVs isolated from heparin‑anticoagulated plasma at 4 or ‑80˚C for different periods. Impact on (A) MV counts and (B) size 
distribution, respectively. Representative histograms showing the impact of MV storage on MV counts vs. a control sample from a single individual are also 
presented (red lines, control; blue lines, experiment). Samples were stored at 4˚C for (C) 3‑4 days or (D) 1 week, and at ‑80˚C for (E) 1 week or (F) 4 weeks. 
The control sample was collected and centrifuged immediately to isolate MVs, which were not stored. Data are expressed as the mean ± standard error of the 
mean. aNo significance; bP<0.05; cP<0.01. MV, microvesicle.

  A   B

  C   D   E   F
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of MVs were detected between the samples treated with these 
two anticoagulants. In the EDTA and heparin groups, MVs 
were predominantly distributed in the 0.2-0.5 µm size group, 
to a reduced degree in the 0.5-0.8 µm group and minimally 
in the 0.8-1.0 µm group. However, the size of MVs in the 
EDTA-anticoagulated plasma was increased compared with 
that in the heparin-anticoagulated plasma: The percentage 
increased in the 0.5-0.8 µm size distribution range (P=0.002) 
and decreased in the 0.2-0.5 µm group (P=0.032), compared 
with the size of MVs isolated from heparin-anticoagulated 
plasma (Fig. 7).

Discussion

In the present study, the effects of pre-analytical variables, 
including centrifugation speed and duration, and storage 
conditions on MV measurement using FCM with calcein-AM 
staining were evaluated. In addition, the impact of heparin and 
EDTA anticoagulants on MV counts and size distribution were 
compared. The data indicated that MV counts are independent 
of anticoagulant, centrifugation speed and duration, but are 
affected by storage conditions, while the size of MVs varied 
with plasma anticoagulant and storage conditions.

The profile of circulating MVs released by cells correlates 
with the development, progression and metastasis of a variety 
of cancers (24-26). According to the widely accepted principle 
that phosphatidylserine (PS) exposure on the cell surface is a 
common feature of MV release, Annexin V, a specific ligand 
to PS, is used for MV detection by FCM in the majority of 
experiments (13,15,16). However, reports of the existence of 
Annexin V-negative MVs (22,27,28) challenge the basis of this 
detection approach. Furthermore, PS exposure occurs in apop-
tosis and necrosis, which may lead to false-positive results 
using FCM. Thus, it is essential to identify a novel reagent for 
the detection of MVs. In the present study, calcein-AM was 
used to identify MVs, primarily due to the fact that it is color-
less and nonfluorescent until hydrolyzed in cells by nonspecific 
esterases, and the leakage of the hydrolyzed compound out of 
cells is markedly slower compared with its parent compound, 
referred to the product introduction of calcein-AM. In addition, 
calcein-AM staining is independent of PS content and calcium 
concentration. The latter is a major drawback of Annexin V, 
leading to different results in MV counts between heparin- and 
EDTA-anticoagulated plasma. Therefore, calcein-AM may be 
suitable and relatively specific for intact MV labeling. To the 

best of our knowledge, the present study is the first to apply the 
calcein-AM staining method to label clinical circulating MVs. 
Further investigations are required to compare the differences 
in MV counts and size distribution between calcein-AM and 
Annexin V labeling in different conditions.

Previous studies have reported (13,15) that MV counts are 
substantially reduced in blood when using EDTA compared 
with heparin; however, in the present study, no statistically 
significant differences in MV count were detected between 
EDTA and heparin using calcein-AM staining. A previous 
study suggested that calcium chelation by EDTA contributed 
to the decreased MV counts (15), while a different study 
attributed this difference to microvesiculation in vitro with 
heparin (16). The present data support the former explanation, 
indicating that the primary distinction between calcein-AM 
and Annexin V is the effect of calcium. In the present experi-
ments that employed an MV staining reagent independent of 
calcium, no differences were observed in MV counts between 
samples treated with EDTA and heparin. EDTA has been 
recommended as the first line anticoagulant for hematological 
testing as it allows the optimal preservation of cellular compo-
nents and morphology of blood cells (29). The results of the 
present study indicate that EDTA may be more suitable than 
heparin for MV detection by FCM, as EDTA preserves MV 
counts and size more effectively compared with heparin. 
Connor et al (30) suggested that, for blood samples that are 
not immediately processed, MV measurement should be 
performed using EDTA-anticoagulated samples (31), which is 
consistent with the results of the present study.

Isolation of MVs is a time-consuming process which 
increased the difficulty of large-scale sample preparation 
and detection. For this reason, it may be more practical and 
convenient if MVs could be obtained in a shorter time. The 
results of the present study comparing different centrifugation 
speeds and times may meet this requirement, thus assisting in 
batch processing of samples and promoting the development 
of MV detection. An excessive centrifugation speed may lead 
to fragment contamination of the MV pellet, so proper speed is 
critical for intact MV isolation. The present data indicated that 
centrifugation of PFP at 16,000 x g for 15 min was sufficient 
to achieve the requirements of MV isolation.

It may be optimal to proceed to isolation and detection 
of MVs immediately after plasma preparation. However, 
in certain cases, samples from different patients cannot be 
processed immediately and sample storage is necessary, which 

Figure 7. Impact of anticoagulant on (A) MV counts and (B) size distribution. aNo significance; bP<0.05; cP<0.01. MV, microvesicle; EDTA, ethylenediamine-
tetraacetic acid.

  A   B
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is usually as PFP or MVs (13,15). Ayers et al (13) reported that 
MV counts were significantly reduced in MVs that were stored 
at ‑80˚C for an extended duration, which is consistent with the 
present results. This may be due to the adsorption of MVs to 
sample tubes, or MVs shrinking to a size that is below the 
detection limit of FCM for samples frozen at a low tempera-
ture for a long period. However, it appears that this explanation 
only applies to MVs from heparin-anticoagulated plasma, 
as the counts of MVs from EDTA-anticoagulated plasma 
increased in the MVs that were frozen at ‑80˚C for 4 weeks. 
The underlying mechanism remains unknown; however, it 
is plausible that this phenomenon may be associated with 
the calcium-chelating properties of the anticoagulant. PFP, 
rather than MVs, appears to be the preferable mode of sample 
storage, on the basis of the present results and the findings of 
previous experiments (15).

A number of studies have reported that MV size distribu-
tion modulates according to diverse stimuli in vitro (20,21), 
indicating that MV size may be associated with disease condi-
tion or cause. Although previous studies have demonstrated the 
utility of electron microscopy, atomic force microscopy (AFM), 
dynamic light scattering (DLS) and microfluidics in measuring 
the size of circulating MVs (2,32,33), these detection methods 
are relatively time-consuming and complicated. Compared with 
the aforementioned methods, FCM is user-friendly and is widely 
used in MV detection. However, little is known about MV size 
distribution as determined by FCM in samples from healthy 
tissues, or the effects of sample preparation methods. In the 
present study, calibration beads were used to define MV size and 
assess the impact of various preparation conditions on sample 
size distribution. MV size was predominantly 0.2-0.5 µm in 
diameter, as observed using transmission electron microscopy 
(TEM), AFM or DLS (32,33). However, MVs isolated from 
different anticoagulants exhibited diverse size distributions 
under different conditions. MVs from heparin-anticoagulated 
plasma frozen at low temperature were enlarged over time 
and presented with reduced counts, whereas the opposite was 
observed in the MVs stored in EDTA-anticoagulated plasma. 
For MVs from heparin-anticoagulated plasma, this may be 
a result of the aggregation of MVs into a reduced number of 
larger vesicles. For MVs from EDTA-anticoagulated plasma, 
larger MVs may have reduced to a size that is detectable using 
FCM. Notably, the average size of freshly isolated (i.e. never 
stored) MVs from EDTA-anticoagulated plasma is increased 
compared with that of MVs from heparin-anticoagulated 
plasma. Future investigations may be required in order to 
further elucidate these findings.

In conclusion, the present study evaluated the impact of 
pre-analytical variables including anticoagulant, centrifu-
gation speed and time, and storage conditions on MV 
measurements using FCM with calcein-AM staining. Analysis 
of these factors is essential for the development of MVs as 
diagnostic and prognostic biomarkers for disease.
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