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Quantification and characterisation  
of microvesicles: Applications in  
hereditary spherocytosis, type-II  
heparin-induced thrombocytopenia 
and cancer
F. Mullier, N. Bailly, C. Chatelain, B. Chatelain, J. Dogné

Microvesicles (MVs) are sub-micron-size cellular fragments released by eukaryotic cells 
following activation or apoptosis. Their diameter ranges between 30 and 1000 nm. Micro-
vesicles are thought to play a major role in cellular cross-talk, inflammation, thrombosis and 
angiogenesis. As potential disease biomarkers, MV measurement and characterisation in 
biological fluids could also reveal new diagnostic and/or prognostic information in human 
disease. In this work:
-  We developed and validated an easy-to-use and useful quality control parameter for 

MV analysis by flow cytometry (FCM), the most frequently used technique to study MVs.
-  We developed and validated a reproducible MV quantification method by FCM in whole 

blood in order to avoid preanalytical concerns of plasma assays (i.e. loss of MVs by centrifu-
gation and lack of standardisation in centrifugation methods). 

-  We showed that this method could contribute to the diagnosis of hereditary spherocytosis 
(HS), a haemolytic anemia characterised by a release of MVs and unexplained occurrence 
of venous and arterial thrombosis after splenectomy.

-  We developed and validated a high sensitive sizing atomic force microscopy (AFM) method.
-  We characterised tumour cell-derived MVs released by cultured breast cancer cells MDA-MB 

231 (Cells) by FCM, Transmission Electron Microscopy, AFM and Thrombin Generation Assay.
-  Finally, we developed a platelet microparticle generation assay (PMPGA), a test which repro-

duces the in vivo type II heparin-induced thrombocytopenia (HIT) reaction. We showed that this 
assay, presented at least similar performances in comparison to the current biological refer-
ence, i.e. 14C-Serotonin Release Assay. As flow cytometry is widespread available, PMPGA 
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Introduction
Microvesicles (MVs) are sub-micron-size cellular 
fragments released by eukaryotic cells following acti-
vation or apoptosis. They are highly heterogenous 
both in size (30-1000nm) and in composition.1 
Based on the size and mechanism of synthesis, MVs 
are currently divided into exosomes and microparti-
cles (MPs). The diameter of exosomes is comprised 
between 30 and 100 nm whereas MPs have a size 
comprised between 100 nm and 1 μm.1

Microvesicles are thought to play a major role in cel-
lular cross-talk, infection, immunity, inflammation, 
thrombosis and angiogenesis.1 As potential disease 
biomarkers, MV measurement and characterisation 
in biological fluids could also reveal new diagnostic 
and/or prognostic information in human disease. 
Numerous techniques have been described to detect 
and/or characterise the MVs. However, no single 
technique is able to provide all MV characteristics. 
In addition, many pre-analytical variables lead to po-
tential artefacts in MV analysis. 
The validation and standardisation of techniques 
that could be used to determine the MV characteris-
tics are needed before studying the diagnostic and 
prognostic impacts of MVs in retrospective and pro-
spective clinical trials. 

Quantification and characterisation of 
microvesicles
Development of quality control tools for microvesicle 
count determination by flow cytometry
Despite its lack of sensitivity, FCM is able to quan-
tify MVs, to determine the cellular origin with a 
practicable technique of low cost with a quite low 
complexity of instrumentation. In addition, develop-
ment of new flow cytometers (FCMrs) with increased 
sensitivity is ongoing. However, the variety of pre-
analytic and analytic variables, results in a wide 
range of large platelet MVs (PMVs) values in platelet-
free-plasma (PFP) of healthy subjects (100–4000 
PMVs/μl).2 Thus, the development of quality control 
tools is mandatory. We proposed the use of the 
separation index (SI) as an easy-to-use quality control 
for MV analysis.3 
We also demonstrated that a decrease of the resolu-
tion in the MV range objectivised by the separation 
index leads to an underestimation of the MV count. 
We showed that whatever the instrument type, opti-
mal scatter resolution may vary in-time and between 

individual instruments and should therefore be accu-
rately checked on a systematic basis (submitted for 
publication). 

Comparison of techniques available to characterise mi-
crovesicles
The combination of different techniques is required 
for a complete description of MVs.
Atomic force microscopy (AFM), a high-sensitive 
technique able to image biological samples in aqueous 
fluids was recently proposed for the detection and 
quantification of CD41-positive MVs but has never 
been developed for MVs bearing tissue-factor (TF), 
the main determinant of the procoagulant activity 
(PCA) of MVs.4

Consequently, we developed and validated a high 
sensitive sizing AFM method for TF-MVs and we 
compared FCM, TEM, AFM and TGA to characterise 
MVs released by cultured breast cancer cells (MDA-
MB231). TGA is a useful technique to study the 
PCA of tumour cell-derived MVs whatever their size. 
It should be combined by high-sensitive sizing and 
counting techniques such as AFM in order to deter-
mine TF-MVs. We concluded that TGA and AFM 
should be validated and used to study TF-MVs in 
plasma from healthy subjects and cancer patients 
(submitted for publication). 

Applications in haematological diseases
Hereditary spherocytosis
One common feature of the erythrocytes (Ery) in 
HS is weakened vertical linkages between the mem-
brane skeleton and the lipid bilayer and its integral 
proteins, leading to destabilisation of the lipid bilayer 
and the release of MVs.5

This has been shown by few teams and only qualita-
tively as sensitive techniques were not available. 
Consequently, we first developed and validated a 
reproducible MV quantification method by FCM in 
whole blood in order to avoid pre-analytical concerns 
of plasma assays (i.e. loss of MVs by centrifugation 
and lack of standardisation in centrifugation methods). 
Then, we used this new MV quantification method 
by FCM in WB to a limited series of HS patients. We 
showed that this new method could contribute to the 
diagnosis of HS, an haemolytic anemia (HA) character-
ised by unexplained occurrence of venous and arterial 
thrombosis after splenectomy.6 In the present work, 
we confirmed quantitatively that HS induced the 
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release of significantly more EryMVs than healthy 
subjects and other HA (in preparation).

Furthermore, one previous study showed that differ-
ent mechanisms lead to reduced membrane surface 
area in HS and some forms of autoimmune hemo-
lytic anemia (AIHA). Indeed, in HS, but not in AIHA, 
the surface area loss is already present at the circu-
lating reticulocyte stage.7 We thus decided to study 
reticulocyte parameters to develop a diagnostic tool on 
two haematological analysers: XE-2100 and XE-5000 
(Sysmex, Japan). The algorithm is mainly based on 
an abnormal immature reticulocyte fraction (IRF), 
as illustrated in Figure 1. This diagnostic tool could 
be used routinely as an excellent screening method 
for the diagnosis of HS.8 This is in line with recom-
mendations proposed by some authors in recent 
reviews.5 This rapid method is also validated on 
mild HS and in neonates, and overcomes the lack of 
sensitivity of electrophoresis in ankyrin deficiencies. 
This tool in combination with clinical data could 
make the diagnosis of HS easier by reducing the 
number of expensive and time-consuming confir-
mation tests. 

Type-II heparin-induced thrombocytopenia
The release of procoagulant PMVs triggered by the 
presence of pathogenic anti-heparin-platelet factor 4 
(PF4) antibodies serves as a catalytic surface for 
enhanced thrombin generation and is considered as 
a major component of type-II heparin-induced 
thrombocytopenia.9 Although early diagnosis of HIT 
is essential to improve clinical outcomes, such a diag-
nosis is challenging. The reference functional test is 
14C Serotonin Release Assay (14C-SRA ) but it cannot 
be considered as a gold standard to diagnose HIT.10,14 
The validation of a new gold standard assay would 
be useful to avoid missed diagnosis and overdiagnosis. 
We developed a platelet microparticle generation 
assay (PMPGA), a test which reproduces the in vivo 
type II heparin-induced thrombocytopenia (HIT) 
reaction.11 
During the incubation of a type II HIT patient’s 
plasma or serum with citrated 109 mM whole blood 
from a healthy donor, PMVs expressing phosphati-
dylserine (PS) are generated at low heparin concen-
tration (1IU heparin/ml) due to the formation of 
immune complexes (i.e. IgG-PF4-heparin). On the 
contrary, PMV rate decreases in presence of higher 

Figure 1. Reticulocytes channel on Sysmex XE-5000CM (a) Hereditary Spherocytosis: reticulocytosis with decreased 

Immature Reticulocyte Fraction (IRF). (b) Other Haemolytical Anaemias: Reticulocytosis with normal IRF.

Footnote: FSC: Forward Scatter, IRF: Immature Reticulocyte Fraction, Ery: Erythrocytes, Ret: Reticulocytes.
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heparin concentration (500 IU heparin/ml). This 
high concentration leads to a dissociation of the 
complex Ig-Heparin-PF4 and is therefore used to 
enhance the specificity of all functional tests (9). 
Consequently, we used a combination of ratio between 
PMV annexin V positive concentration generated 
with 1 IU heparin/ml and 500 IU heparin/ml and the 
concentration of PMPs annexin V positive generated 
at 1 IU heparin/ml to define one positive type-II HIT. 
We showed that this assay, presented at least similar 
performances in comparison to 14C-SRA (in revi-
sion).14 As FCM is widespread available, PMPGA 
may become a new promising biological reference to 
diagnose type-II HIT.

Conclusions
Microvesicles are thought to play a major role in cel-
lular cross-talk, infection, inflammation, hemosta-
sis, thrombosis and angiogenesis. 
Microvesicle measurement and characterisation in 
biological fluids could reveal new diagnostic and/or 
prognostic information in human disease. 
The validation and standardisation of techniques 
that could be used to determine the MV characteris-
tics in retrospective and prospective clinical trials 
are currently ongoing.
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Key messages: 

1 Microvesicles play a major role in cellular cross-talk, infection, inflammation, hemo-
stasis, thrombosis and angiogenesis. 

2 Microvesicle measurement and characterisation in biological fluids may provide  
diagnostic and/or prognostic information in several major human diseases. 

3 The validation and standardisation of techniques used to determine the MV characteristics 
in retrospective and prospective clinical trials are currently ongoing.

4 The study of microvesicles in clinical settings should currently be limited to centres 
involved in the process of standardisation.


