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A B S T R A C T

Background and aims: Myelodysplasia (MDS) is characterised by abnormal haematopoiesis and increased risk of
bleeding. Microvesicles (MV) play a key role in coagulation and their impact in MDS is unknown.
Methods: Platelet free plasma from 35 red-cell transfusion-dependent MDS patients and 15 controls were ana-
lysed. Pro-coagulant function was assessed by the XaCT assay and by thrombin generation (ETP). Total MV were
enumerated by nano-tracking analysis. MV subsets were quantified by flow cytometry after staining with specific
antibodies for various endovascular cell types. Small RNA was quantitated and sequenced. The MV measure-
ments were correlated with MDS clinical risk scores and level of transfusion dependence.
Results: The pro-coagulant function of MV was significantly lower in MDS. All the MV subtypes, as measured by
flow cytometric markers, were also significantly lower. The small RNA and miRNA cargo were significantly
higher in MDS. The miRNA profile showed that mir-28 and mir-LETD7 were under expressed whilst mir-584J
and mir-4485 were over expressed in MV from MDS.
Conclusions: Circulating MV in MDS show reduced pro-coagulant functional activity, reduced subtypes by flow
cytometry and significantly different miRNA content. However, the levels or subtypes of MV did not predict the
clinical phenotype or level of transfusion dependence.

1. Introduction

Myelodysplasia (MDS) is a bone marrow dysfunction characterised
by disturbed haematopoiesis. Although there are increased numbers of
bone marrow precursors in most patients, abnormal haemopoietic
maturation leads to fewer red, white blood cells and platelets [1]. Along
with clinical features of anaemia, neutropaenia, and thrombocyto-
paenia, a subset of patients with MDS will experience serious bleeding,
and this may not necessarily be dependent on platelet counts [2,3].

Experimental data suggests that both platelet aggregation and
phospholipid surface to facilitate thrombus formation are equally im-
portant in maintaining normal haemostasis [4]. There is evidence to
suggest that high numbers of circulating microvesicles, even in the
setting of low platelets, may overcome platelet insufficiency and

provide adequate haemostasis. For example, studies show that patients
with idiopathic thrombocytopaenic purpura who have very low levels
of platelets along with high MV levels do not have clinical bleeding [5].
The ability to generate adequate MV in this instance provides sufficient
membrane surface for activated coagulating factors Xa and Va to pro-
duce thrombin and generate a fibrin plug in spite of low platelets [6].
Other mechanisms to explain how the insufficiency of platelets is
overcome include platelet interaction with leukocyte-derived MV, in
models of severe thrombocytopaenia [7]. In a rare clinical context, low
levels of circulating MV is associated with bleeding, as observed in Scott
syndrome - a disorder with defective vesiculation of platelets [8].

Circulating MV also carry a cargo of small and miRNA which has
potential to influence the bone marrow microenvironment as well as
the endovascular compartment [9]. Free miRNA in circulation
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complexes with many RNA binding proteins, which regulate its in-
tegration in tissue. However, miRNA in MV is unbound and readily
available to regulate nuclear transcription and influence cell function
[10]. MDS is often characterised by marked increase in apoptosis and
resultant vesicular debris/bodies in the marrow generating abnormal
levels of MV [11]. We therefore hypothesized that both levels and
functional attributes of circulating MV in MDS, as well as their small/
miRNA cargo, contribute to the pathophysiology of the disease. Hence
the aim of the study was to examine these aspects of MV from MDS
compared to normal healthy subjects.

2. Methods

After informed consent, samples were collected from 35 MDS and
15 age similar healthy subjects. Ethics approval was obtained from
Hunter New England local health district research ethics committee
(06/12/13/5.05).

The healthy controls were voluntary blood donors and these sub-
jects were screened for any significant medical conditions. The control
samples were collected in a citrated tube and processed in a manner
similar to the MDS cohort.

2.1. Sample preparation

Peripheral blood was collected in 0.109M tri-sodium citrate and
platelet-free plasma was prepared by double centrifugation of whole
blood for 15min at 2500×g at room temperature. All samples were
processed within 2 h of collection, and aliquots were stored at −80 °C
for further batched analysis. Samples were then thawed at 37 °C, 15min
before testing. In the transfusion dependent MDS cohort, blood samples
were collected at the nadir of their blood counts i.e. just before the next
transfusion.

2.2. Functional coagulation based studies

The factor Xa activation test (XaCT) was performed using the
commercially available XaCT test kit (Haematex, Australia) [12]. The
measurement of procoagulant activity of MV is based on the ability of
vesicles expressing phosphatidylserine to generate Xa. It was performed
in duplicate on an automated coagulation analyser (SYSMEX CA-1500;
Dade Behring, Newark, DE USA) and results read from a standard curve
generated by dilution of a plasma calibrator (expressed in ng/ml).

2.3. Calibrated Automated Thrombogram measurements

Thrombin generation experiments were performed at 37 °C on a
fluorometer (Fluoroskan Ascent, Thermo Electron Corporation, Vantaa,
Finland) and analysed using the Calibrated Automated Thrombogram
(CAT). A sample volume of 80 μl was incubated with 20 μl calibrator or
20 μl specific MP-reagent (Thrombinoscope, Maastricht, The
Netherlands) which has been reported to be sensitive to tissue factor
bearing MV [13]. Thrombin generation was measured in real time and
analysed by the Thrombinoscope software version 3.0029 (Thrombi-
noscope, Stago Group, Maastricht, The Netherlands) for the endogenous
thrombin potential (ETP).

2.4. Nanoparticle tracking analysis (NTA)

The MV enumeration by nanotracking was undertaken on a
Nanosight NS500 instrument (Malvern instruments, Malvern, United
Kingdom). The scatter and the fluorescence measurements were re-
corded after incubation with Qdot 625 stain (Life Technologies/Thermo
Fisher Scientific, MA, USA) in a dilution of 1:100 with PBS. The capture
settings such as camera, focus and gain, were optimized so that particle
tracks were clearly visible. If the capture was suboptimal (i.e. event
capture rate either< 20 or>200 tracks) further dilutions were

undertaken so that at least 100 completed tracks were recorded [14].
Measurements were taken in triplicate, in scatter and fluorescent mode,
for analysis using the Nanosight software (version 2.3 and 3.1); the
captured video data was analysed for scatter events (total) and the
fluorescent events (total).

2.5. Flow cytometry

Antibodies used included platelet marker CD41a-PE (Clone HIP8,
BD Biosciences, CA, USA), red cell marker CD235a-APC (Clone GA-R2,
BD Biosciences, CA, USA), endothelial marker CD105-PE (Clone IG2,
Beckman Coulter, Marseille Cedex, France), CD14-PC (Clone RMO52,
Immunotech, Marseille, France) and tissue factor TF-FITC (Clone VD8,
American diagnostics Inc., CT, USA). A 10 μl aliquot of platelet-free
plasma in a final volume of 100 μl of PBS (phosphate buffered saline)
was taken and incubated (in the dark) with appropriate antibody or
isotype control at room temperature for 15min. For experiments with
annexin V-APC (eBioscience, CA, USA), used for marking phosphati-
dylserine (PS), this incubation was done in a total 50 μl of binding
buffer. Then the sample was diluted to 400 μl with filtered PBS or 450 μl
of calcium rich buffer respectively. Prior to the analysis, a pre-
determined number of 10 μm enumeration beads (CountBright beads,
Molecular Probes, Life Technologies, Oregon, USA) were added. The
flow cytometer was standardized as per the ‘ISTH workshop for stan-
dardization of flow cytometry for Microparticles’ [15]. The gating was
performed using Megamix beads (Biocytex, Marseille, France) on a BD
FACS Canto instrument (BD Biosciences, San Jose, California, USA) A
total of 35 MDS and 11 control samples were analysed, after exclusion
of 4 control samples with poor staining. The analysis was undertaken on
FACSDiva software.

2.6. Small RNA quantitation

MV were pelleted by centrifuging 1.2ml of plasma at 21,000×g for
60min at 4 °C. Then small RNA was extracted using the Norgen kit
(Norgen Biotek, ON, Canada) for RNA extraction using a slurry based
method according to the manufacturer's instructions. The 100 μl of RNA
containing eluate was reduced to a final volume of about 7 μl with a
speedy-vac. For each sample, 1 μl of the concentrated RNA eluate was
used for measurement of small RNA concentration by Agilent
Bioanalyzer Small RNA Assay using Bioanalyzer 2100 Expert instru-
ment (Agilent Technologies, Santa Clara, CA).

2.7. miRNA profiling

2.7.1. NGS Library generation and sequencing
Small RNA libraries were constructed with the CleanTag Small RNA

Library Preparation Kit (TriLink, Cat# L-3206) according to the man-
ufacturer's protocol. The final purified library was quantified with High
Sensitivity DNA Reagents (Agilent Technologies, PO# G2933-85004)
and High Sensitivity DNA Chips (Agilent Technologies, PO# 5067-
4626). The libraries were pooled, and the 140 bp to 300 bp region was
size selected on an 8% TBE gel (Invitrogen by Life Technologies, Ref#
EC6215). The size selected library was quantified with High Sensitivity
DNA 1000 Screen Tape (Agilent Technologies, PO # 5067-5584), High
Sensitivity D1000 reagents (Agilent Technologies, PO# 5067-5585),
and the Tailor Mix HT1 qPCR assay (SeqMatic, Cat# TM-505), followed
by a NextSeq High Output single-end sequencing run at SR75 using
NextSeq 500/550 High Output v2 kit (Cat #FC-404-2005, Illumina, San
Diego, CA) according to the manufacturer's instructions.

2.7.2. Bioinformatic analysis
Data consists of single end 76 bp long reads, on 30 samples (10

normal/controls and 20 MDS patients in whom sufficient plasma ali-
quots were available) for small RNA isolated from MV fraction within
the plasma samples. Based on the small RNA species composition,
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quality control data, hierarchical clustering based on raw counts, four
samples were excluded from the control group due to the higher than
75% proportion of unknown/unmapped reads to identified features. A
further six samples from the MDS group were also excluded due to high
unknown proportion/unmapped reads. The final cohort for miRNA
expression analysis comprised of 6 normal and 14 MDS samples. Data
was contig-quantised into regions longer than 20 bp with a maximum
gap of 20 bp and at least two reads using Seqmonk v1.41. 85% of
contigs had length < 116 bp, and 13.5% of length between 116 bp and
208 bp. Annotation to known features was performed on the significant
results.

2.8. Statistical considerations

The statistical analysis was performed using Prism 7 (GraphPad, OK
USA). The variables in the data set were evaluated for normality of
distribution by a normality test such as the Kolmogorov-Smirnov test to
decide whether a nonparametric rank-based analysis or a parametric
analysis should be used. The differences between any two groups was
assessed by the Mann-Whitney U test, and between repeat measures by
ANOVA with a p-value<0.05 considered as statistically significant.

Differential expression analysis was performed in the R statistical
environment on contig features using the edgeR and DESeq2 packages,
contig counts normalised to library size. Consensus between methods
was higher than 70% at the 0.05 FDR level. Significant contig features
were then annotated to transcripts from the ENSEMBL GRCh38v90
reference. Two analysis algorithms were used - Bowtie2 and BLAST
with parameters for small RNA alignment. Results were considered
significant only in those sequences which showed significance across
the two algorithms. The significance was set at a p value of 0.05 using
adjusted p values for an optimized false discovery rate approach.

3. Results

3.1. Patient characteristics (MDS)

There were 35 MDS subjects, all red cell transfusion-dependent,
who were recruited prospectively into the study. The demographic data
for the normal and MDS cohorts is shown in Table 1 - the bone marrow
characteristics and IPSS risk scores were obtained at diagnosis. The time
from diagnosis ranged from<6months to 5 years with majority of
diagnosis within 2 years (65%, 23/35). The age is recorded at the time
of the MV sample collection. The mean age of MDS patients was

78 years (range 56–91) which was significantly higher than the mean
age of the normal subjects was 65 years (range 60–73). The full com-
plement of clinical details, including full blood count parameters and
WHO bleeding score, is also provided (see Supplementary Table 1).

3.2. MV in MDS - functional studies

The procoagulant function by ETP and XaCT were both significantly
lower in MDS (p < 0.0001 for both) as shown in Fig. 1. The median
ETP in MDS was 1094 RFU (relative fluorescence units)/min (IQR of
933–1212) which was nearly half that of the 2190 RFU/min (IQR
1611–2660) measured in normal subjects. Similarly, the median phos-
pholipid measured by XaCT was 438 ng/ml (IQR of 352–525) in MDS,
compared to 885 ng/ml (IQR of 659–1035) in normal subjects.

3.3. MV characterisation - nanotracking analysis

In an effort to explain the lower ETP and phospholipid content of
the MDS plasma, NTA was used to quantify the absolute number and
size distribution of the MV it contained. Surprisingly, the distribution of
MV in the size ranges 0–200 nm and 200–400 was similar between MDS
and normal subjects as depicted in Fig. 2 (ANOVA one way for repeated
measures, p > 0.05 for all comparisons).

In MDS, the median MV levels were noted to be 8.4× 109/μl (IQR
6–19) in scatter and 4.4×109/μl (IQR 3.15–9.4) in fluorescent modes.
The scatter mode was undertaken to evaluate all small particles
(membrane bound and other particles) whilst the fluorescent mode
(using Qdot 625) is specific for biological vesicles.[16]The median
measurements for MV in normal subjects was similar - 8.4× 109/μl
(IQR of 1.8–18) in scatter and 7.3×109/μl (IQR of 2.6–10) in fluor-
escent mode. Nanotracking measurements were not significantly dif-
ferent between normal and MDS subjects for both scatter and fluor-
escent modes (see Fig. 2). There was no significant correlation observed
between the MV levels (scatter or fluorescent) by nanotracking analysis
and results obtained from functional assays (ETP and XaCT).

3.4. MV subsets in MDS - flow cytometry

Amongst the MV subtype levels tested, CD41, CD105, CD235, TF,
annexin V and CD14 expressing MV were significantly lower in MDS
compared to normal subjects (see Fig. 3 and Supplementary Table 2).
The most common MV subtype in MDS was CD235 red cell MV with a
median MV level of 22/μl (IQR of 13–45). On the other hand, CD41
expressing platelet MV were the most abundant MV in normal subjects
and showed a median of 255/μl (interquartile range or IQR of
123–834/μl).

3.5. Small RNA cargo in MV from MDS

The quantities of small RNA and miRNA in MV from MDS patients
were approximately twice that of the control plasma MV. In MDS, small
RNA content was estimated to be 1037 pg/μl (IQR 6161–1921) and
miRNA 297 pg/μl (123–581) respectively, which was significantly
higher compared to small RNA 458 pg/μl (IQR 175–658) and miRNA
content of 129 pg/μl (IQR 23–278) in normal subjects (p= 0.0005 and
p=0.02 respectively; as shown in Fig. 4). The miRNA normalised to
mean MV was also compared and the miRNA content continued to be
significantly higher in the MDS cohort (p= 0.014).

3.6. MV and correlation with blood counts clinical phenotype, bleeding and
transfusion requirements in MDS

Correlation between MV subtypes/functional and blood counts
showed that platelet counts correlated positively with platelet MV and
inversely with WHO grade 3 or 4 bleeding scores respectively
(Supplementary Table 3B). None of the other MV parameters correlated

Table 1
Baseline demographics for normal and MDS. The risk categories for MDS are
also detailed. Results presented as median and range for all continuous vari-
ables.

Normal
(n=15)

Range MDS
(n= 35)

Range p value

Age years 64 60–73 78 56–91 <0.0001
Gender (M, %) 47 75 0.0049
Hb g/l 127 116–145 84 59–120 <0.0001
White cell counts

10^9/l
5.4 4.3–8.6 4 1–18 0.1315

Platelets 10^9/l 201 111–313 79 4–434 0.0043
IPSS (n, %) n= 28
Low 10 (36)
Intermediate 1 11 (40)
Intermediate 2 5 (17)
High 2 (7)

IPSS-R (n, %)
Very low 3 (10)
Low 10 (35)
Intermediate 9 (43)
High 4 (15)
Very high 2 (7)
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with blood counts or WHO grade 3 or 4 bleeding. A similar analysis was
also performed in the normal subjects which did not show any sig-
nificant correlations (Supplementary Table 3A).

The IPSS (international prognostic scoring system) and IPSS-R (in
international prognostic scoring system- revised) risk scores were cor-
related with MV quantitation by flow cytometry, functional, NTA or
miRNA analysis in MDS (see Supplementary Table 4). The IPSS-R score
negatively correlated with CD235 red cell MV. It was also observed that
PEAK thrombin, a functional MV parameter, correlated with IPSS-R and
IPSS (p=0.048 and p= 0.039 respectively). The XaCT test, which
measures phospholipid MV contribution to coagulation, inversely cor-
related with IPPS score. The prognostic scores, the cytogenetic risk and
severity of the WHO bleeding scores did not correlate with any other
MV subsets, small RNA levels or MV levels measured by NTA analysis.

A subgroup analysis comparing MDS patients requiring red cell
transfusions every 4 weeks or less (n=5) compared with those re-
quiring a red cell transfusion beyond 4weeks (n=4) was undertaken.
These patients were selected as they all had platelets> 50×10^9/l
and were not platelet transfusion dependent. No significant differences
between the MV levels in these two groups of MDS by flow cytometry,
functional, NTA analysis or small RNA cargo were observed.

3.7. miRNA expression analysis

The miRNA analysis showed a total of two mirs were under ex-
pressed whilst two others were over expressed. The differential ex-
pression specifically showed that mir-28 and mir-LET7D were under
expressed whilst the mir-548J and mir-4485 were overexpressed in the
MDS cohort compared to the normal cohort. The relation of these mirs

to MDS and platelet activity was not known at the time of the analysis.

4. Discussion

MDS is a clonal bone marrow disorder associated with abnormal
blood counts, transfusion dependence and risk of progression to leu-
kemia. It is characterised by morphologically abnormal precursors in
the bone marrow and increased apoptosis due to ineffective haemo-
poiesis. The evaluation of circulating MV in MDS has previously not
been undertaken.

4.1. MV in MDS by functional coagulation, flow cytometry and NTA
analysis

The bleeding diathesis of MDS is not completely explained by
thrombocytopaenia. Our results show significantly lower procoagulant
MV function by both ETP and XaCT tests, and lower CD41 MV (platelet
derived) by flow cytometry compared to normal even when adjusted for
platelet count. This is consistent with both a reduced production of
large MV and reduced MV function. This explains a further part of the
bleeding in MDS and presumably reflects the abnormal mega-
karyopoiesis that is often observed in MDS. This deficiency in ‘pro-
coagulant MV’ in MDS is likely to be contributing to higher bleeding
risk apart from the thrombocytopaenia alone.

However, in our small series, the variable nature of bleeding in our
patients with MDS is not explained by the variation in CD41 MV as
shown by the similarity of results in the 2 groups, one with increased
blood transfusion requirements, and one without. As anticipated, pla-
telet counts correlated with platelet MV and inversely with WHO grade
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3 or 4 bleeding scores respectively indicating that low platelet counts
were associated with more clinically significant bleeding. In other
studies, in non-MDS patients, the procoagulant function and flow cy-
tometry results have been shown to correlate [17,18]. It is likely that
the MV detected by flow is only the larger ‘procoagulant functional’
MV.

In MDS where there is significant apoptosis and abnormal mega-
karyocytes, it might have been expected that MV would be normal to
increased. NTA measuring small MV shows normal numbers as pre-
dicted, but flow shows a marked reduction in large MV particularly
platelet derived. This aspect will need further investigation with an

increase in subject numbers to confirm these results and determine the
origins of the smaller MV.

It could also be postulated that the MV levels/function in circulation
do not completely reflect the MV generation in the bone marrow (BM).
This study did not examine any BM samples. This may be technically
difficult given the way BM is collected.

4.2. MV and correlation with MDS risk scores and frequency of red cell
transfusions

The clinical risk scores (IPSS and IPSS-R) were correlated with the
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Fig. 3. Comparison of MV parameters by flow cytometry between MDS (n=35) and normal subjects (n= 11). The median ranks and 95% CI are depicted.
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MV numbers and function. These clinical risk scores - IPSS and IPSS-R,
are calculated on a combination of cytopaenias, bone marrow blast
percentage and cytogenetic abnormalities. The IPSS-R, a more recent
prognostic score, has cytopaenias defined in greater detail than IPSS
[19]. The IPSS-R correlated negatively with CD235 MV as detected by
flow cytometry indicating higher risk score was associated with lower
red cell MV (Supplementary Table 4). In this study, there was a cor-
relation between IPSS-R/IPSS and functional assessment of MV (PEAK
thrombin and XaCT tests). However, the clinical significance of these
observations is uncertain. A small subgroup analysis did not show any
obvious differences in those who had a higher frequency of red cell
transfusions. This finding needs to be evaluated in a larger cohort.

4.3. miRNA in MV

The total small RNA and miRNA content in MV was significantly
higher in MDS patients compared to normal. In fact, the small RNA and
miRNA contained were approximately twice that of the control plasma
MV. These continued to be significantly higher in MDS even after
normalisation to MV by NTA.

This study subsequently focussed on analysis of miRNA within MV
as they have been shown to have an important role in transcription
regulation and potentially transferrable between cells of the en-
dovascular system even at distant sites [11,20]. We found that differ-
ential expression of several species of miRNA was different between the
normal and MDS cohorts.

Specifically, mir-28 and mir-LET7D were under expressed. The mir-
28 controls cell proliferation and post transcriptional gene silencing. It
is reported to target the regulation of the thrombopoietin receptor,
being overexpressed in patients with high platelets (in a subset of
myeloproliferative disorders) [21]. Elevated mir-28 has also been re-
ported to be been significantly associated with thrombosis/pulmonary
embolism [22]. Under expression of mir-28 could therefore contribute
to the thrombocytopaenia and/or bleeding by influencing platelet
production/function and endothelial cell proliferation.

Interestingly mir-LET7D has been found in isolates of exosomal RNA
in certain tissues and secretions (saliva and breast milk) though its
functional annotation is not clear [23]. The detection of this mir-LET7D
provides surrogate evidence that the miRNA isolated from MV in this
study are indeed the species specific to MV and/or exosomes.

It was also observed that mir-548J and mir-4485 were over-
expressed. Interestingly, mir-548J is associated with breast cancer cell
invasion and metastasis [24]. Its role in myelodysplasia is not clear and
needs evaluation in a larger cohort to study association with disease
risk, progression and clinical behaviour. The role of mir-4485 has been

reported to be under expressed in patients with chronic hepatitis and is
reported as a marker for progression of liver disease; its role in MDS is
not understood [25].

The small sample size and lack of a validation cohort for the RNA
analysis are the main limitations of this study. In addition, the age of
the normal cohort was lower than the MDS cohort and this was un-
avoidable given the few ‘normal healthy’ subjects above the age of
65 years who could be recruited into the study. This could have influ-
enced MV results, however, previous studies have shown that older age
cohorts (> 60 years) have a relatively uniform range of MV [26]. This
study did not include any marrow samples for MV measurement to
evaluate the differences between plasma and bone marrow MV but this
would be a technically challenging exercise to undertake.

5. Conclusions

This analysis of MV in MDS shows significant differences in levels,
function and small RNA content as compared to healthy normal con-
trols. The lower levels of MV subtypes by flow cytometry and lower
procoagulant function of MV in MDS appear to be a hallmark of this
disease process. The clinical IPSS-R risk score correlated with the
functional ETP parameter, however, quantitative or functional differ-
ences in MV did not correlate with level of transfusion dependence. The
under and over expression of expression of miRNA in circulating MV in
MDS is hypothesis generating and should be further explored.

Acknowledgements

We would like to acknowledge Dr Lesley Chen for assisting with
protocols for extracting small RNA from microvesicles.

AKE, LL, MS and GI conceived the project; GI provided access to
samples and in interpretation of data; MS provided access to coagula-
tion testing and flow cytometry; AKE carried out the project and data
analysis; AKE, LL, MS and GI were responsible for data interpretation
and manuscript.

AKE is a recipient of NSW Health Pathology/HCRA/CMN clinical
translational research fellowship. This study was partly supported by
Calvary Mater Newcastle Research funds, the Hunter Cancer Research
Alliance biomarker & targeted therapy grant and NSW Health
Pathology-Hunter Trust Funds.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bcmd.2018.11.001.

MDS

Norm
al

0

10

20

30

40

50

Ra
nk

s

p=0.0005

Small RNA

MDS

Norm
al

0

10

20

30

40

50

Ra
nk

s

p=0.020

miRNA

Fig. 4. Comparison of total small and miRNA isolated from MV between MDS (n=35) and normal subjects (n= 15). The median ranks and 95% CI are depicted,
normalised to small and miRNA obtained per 1 μl of MV pellet from 1.2ml of plasma.

A.K. Enjeti et al. Blood Cells, Molecules and Diseases 74 (2019) 37–43

42

https://doi.org/10.1016/j.bcmd.2018.11.001
https://doi.org/10.1016/j.bcmd.2018.11.001


References

[1] G. Montalban-Bravo, G. Garcia-Manero, Myelodysplastic syndromes: 2018 update
on diagnosis, risk-stratification and management, Am. J. Hematol. 93 (2018)
129–147, https://doi.org/10.1002/ajh.24930.

[2] J. Bryan, E. Jabbour, H. Prescott, H. Kantarjian, Thrombocytopenia in patients with
myelodysplastic syndromes, Semin. Hematol. 47 (2010) 274–280, https://doi.org/
10.1053/j.seminhematol.2010.02.006.

[3] J.B. Waisbren, S.N. Dinner, I. Helenowski, J. Gao, B. McMahon, B. Stein, Disease
characteristics and prognosis of myelodysplastic syndrome presenting with isolated
thrombocytopenia, Blood 126 (2015) 3477.

[4] R.J. Berckmans, R. Nieuwland, A.N. Böing, F.P. Romijn, C.E. Hack, A. Sturk, Cell-
derived microparticles circulate in healthy humans and support low grade thrombin
generation, Thromb. Haemost. 85 (2001) 639–646.

[5] W. Jy, L.L. Horstman, M. Arce, Y.S. Ahn, Clinical significance of platelet micro-
particles in autoimmune thrombocytopenias, J. Lab. Clin. Med. 119 (1992)
334–345.

[6] S.P. Ardoin, J.C. Shanahan, D.S. Pisetsky, The role of microparticles in inflamma-
tion and thrombosis, Scand. J. Immunol. 66 (2007) 159–165.

[7] D.D. Myers, A.E. Hawley, D.M. Farris, S.K. Wrobleski, P. Thanaporn, R.G. Schaub,
D.D. Wagner, A. Kumar, T.W. Wakefield, P-selectin and leukocyte microparticles
are associated with venous thrombogenesis, J. Vasc. Surg. 38 (2003) 1075–1089,
https://doi.org/10.1016/S0741.

[8] R.F. Zwaal, P. Comfurius, E.M. Bevers, Scott syndrome, a bleeding disorder caused
by defective scrambling of membrane phospholipids, Biochim. Biophys. Acta 1636
(2004) 119–128.

[9] G.W. Rhyasen, D.T. Starczynowski, Deregulation of microRNAs in myelodysplastic
syndrome, Leukemia 26 (2012) 13–22, https://doi.org/10.1038/leu.2011.221.

[10] A.V. Savelyeva, E.V. Kuligina, D.N. Bariakin, V.V. Kozlov, E.I. Ryabchikova,
V.A. Richter, D.V. Semenov, Variety of RNAs in peripheral blood cells, plasma, and
plasma fractions, Biomed. Res. Int. 2017 (2017) 7404912, https://doi.org/10.
1155/2017/7404912.

[11] S. Muntion, T.L. Ramos, M. Diez-Campelo, B. Roson, L.I. Sanchez-Abarca,
I. Misiewicz-Krzeminska, S. Preciado, M.E. Sarasquete, J. de Las Rivas, M. Gonzalez,
F. Sanchez-Guijo, M.C. Del Canizo, Microvesicles from mesenchymal stromal cells
are involved in HPC-microenvironment crosstalk in myelodysplastic patients, PLoS
One 11 (2016) e0146722, , https://doi.org/10.1371/journal.pone.0146722.

[12] T. Exner, J. Joseph, J. Low, D. Connor, D. Ma, A new activated factor X-based
clotting method with improved specificity for procoagulant phospholipid, Blood
Coagul. Fibrinolysis 14 (2003) 773–779.

[13] MP-reagent. 2016.
[14] A.K. Enjeti, A. Ariyarajah, A. D'Crus, M. Seldon, L.F. Lincz, Correlative analysis of

nanoparticle tracking, flow cytometric and functional measurements for circulating
microvesicles in normal subjects, Thromb. Res. 145 (2016) 18–23, https://doi.org/
10.1016/j.thromres.2016.06.029.

[15] R. Lacroix, C. Judicone, M. Mooberry, M. Boucekine, N.S. Key, F. Dignat-George,
Standardization of pre-analytical variables in plasma microparticle determination:
results of the International Society on Thrombosis and Haemostasis SSC

Collaborative workshop, J. Thromb. Haemost. (2013) 1190–1193, https://doi.org/
10.1111/jth.12207.

[16] A.K.A.A. Enjeti, E. Warwick, M. Seldon, L.F. Lincz, Challenges in analysis of cir-
culating extracellular vesicles in human plasma using nanotracking and tunable
resistive pulse sensing, J. Nanomed. Nanotechnol. 8 (2017), https://doi.org/10.
4172/2157-7439.1000468.

[17] L. Ayers, P. Harrison, M. Kohler, B. Ferry, Procoagulant and platelet-derived mi-
crovesicle absolute counts determined by flow cytometry correlates with a mea-
surement of their functional capacity, J. Extracellular Vesicles 3 (2014), https://doi.
org/10.3402/jev.v3.25348.

[18] R. Szatanek, M. Baj-Krzyworzeka, J. Zimoch, M. Lekka, M. Siedlar, J. Baran, The
methods of choice for extracellular vesicles (EVs) characterization, Int. J. Mol. Sci.
18 (2017), https://doi.org/10.3390/ijms18061153.

[19] P.L. Greenberg, H. Tuechler, J. Schanz, G. Sanz, G. Garcia-Manero, F. Solé,
J.M. Bennett, D. Bowen, P. Fenaux, F. Dreyfus, H. Kantarjian, A. Kuendgen, A. Levis,
L. Malcovati, M. Cazzola, J. Cermak, C. Fonatsch, M.M. Le Beau, M.L. Slovak,
O. Krieger, M. Luebbert, J. Maciejewski, S.M.M. Magalhaes, Y. Miyazaki,
M. Pfeilstöcker, M. Sekeres, W.R. Sperr, R. Stauder, S. Tauro, P. Valent, T. Vallespi,
Aa van de Loosdrecht, U. Germing, D. Haase, Revised international prognostic
scoring system for myelodysplastic syndromes, Blood 120 (2012) 2454–2465,
https://doi.org/10.1182/blood-2012-03-420489.

[20] M.P. Hunter, N. Ismail, X. Zhang, B.D. Aguda, E.J. Lee, L. Yu, T. Xiao, J. Schafer,
M.L. Lee, T.D. Schmittgen, S.P. Nana-Sinkam, D. Jarjoura, C.B. Marsh, Detection of
microRNA expression in human peripheral blood microvesicles, PLoS One 3 (2008)
e3694, , https://doi.org/10.1371/journal.pone.0003694.

[21] M. Girardot, C. Pecquet, S. Boukour, L. Knoops, A. Ferrant, W. Vainchenker,
S. Giraudier, S.N. Constantinescu, miR-28 is a thrombopoietin receptor targeting
microRNA detected in a fraction of myeloproliferative neoplasm patient platelets,
Blood 116 (2010) 437–445, https://doi.org/10.1182/blood-2008-06-165985.

[22] X. Zhou, W. Wen, X. Shan, J. Qian, H. Li, T. Jiang, W. Wang, W. Cheng, F. Wang,
L. Qi, Y. Ding, P. Liu, W. Zhu, Y. Chen, MiR-28-3p as a potential plasma marker in
diagnosis of pulmonary embolism, Thromb. Res. 138 (2016) 91–95, https://doi.
org/10.1016/j.thromres.2015.12.006.

[23] A. Gallo, M. Tandon, I. Alevizos, G.G. Illei, The majority of microRNAs detectable in
serum and saliva is concentrated in exosomes, PLoS One 7 (2012) e30679, , https://
doi.org/10.1371/journal.pone.0030679.

[24] Y. Zhan, X. Liang, L. Li, B. Wang, F. Ding, Y. Li, X. Wang, Q. Zhan, Z. Liu,
MicroRNA-548j functions as a metastasis promoter in human breast cancer by
targeting Tensin1, Mol. Oncol. 10 (2016) 838–849, https://doi.org/10.1016/j.
molonc.2016.02.002.

[25] B. Riazalhosseini, R. Mohamed, Y.D. Apalasamy, I.M. Langmia, Z. Mohamed,
Circulating microRNA as a marker for predicting liver disease progression in pa-
tients with chronic hepatitis B, Rev. Soc. Bras. Med. Trop. 50 (2017) 161–166,
https://doi.org/10.1590/0037-8682-0416-2016.

[26] A.K. Enjeti, A. Ariyarajah, A. D'Crus, M. Seldon, L.F. Lincz, Circulating microvesicle
number, function and small RNA content vary with age, gender, smoking status,
lipid and hormone profiles, Thromb. Res. 156 (2017) 65–72, https://doi.org/10.
1016/j.thromres.2017.04.019.

A.K. Enjeti et al. Blood Cells, Molecules and Diseases 74 (2019) 37–43

43

https://doi.org/10.1002/ajh.24930
https://doi.org/10.1053/j.seminhematol.2010.02.006
https://doi.org/10.1053/j.seminhematol.2010.02.006
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0015
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0015
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0015
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0020
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0020
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0020
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0025
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0025
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0025
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0030
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0030
https://doi.org/10.1016/S0741
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0040
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0040
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0040
https://doi.org/10.1038/leu.2011.221
https://doi.org/10.1155/2017/7404912
https://doi.org/10.1155/2017/7404912
https://doi.org/10.1371/journal.pone.0146722
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0060
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0060
http://refhub.elsevier.com/S1079-9796(18)30294-8/rf0060
https://doi.org/10.1016/j.thromres.2016.06.029
https://doi.org/10.1016/j.thromres.2016.06.029
https://doi.org/10.1111/jth.12207
https://doi.org/10.1111/jth.12207
https://doi.org/10.4172/2157-7439.1000468
https://doi.org/10.4172/2157-7439.1000468
https://doi.org/10.3402/jev.v3.25348
https://doi.org/10.3402/jev.v3.25348
https://doi.org/10.3390/ijms18061153
https://doi.org/10.1182/blood-2012-03-420489
https://doi.org/10.1371/journal.pone.0003694
https://doi.org/10.1182/blood-2008-06-165985
https://doi.org/10.1016/j.thromres.2015.12.006
https://doi.org/10.1016/j.thromres.2015.12.006
https://doi.org/10.1371/journal.pone.0030679
https://doi.org/10.1371/journal.pone.0030679
https://doi.org/10.1016/j.molonc.2016.02.002
https://doi.org/10.1016/j.molonc.2016.02.002
https://doi.org/10.1590/0037-8682-0416-2016
https://doi.org/10.1016/j.thromres.2017.04.019
https://doi.org/10.1016/j.thromres.2017.04.019

	Circulating microvesicles are less procoagulant and carry different miRNA cargo in myelodysplasia
	Introduction
	Methods
	Sample preparation
	Functional coagulation based studies
	Calibrated Automated Thrombogram measurements
	Nanoparticle tracking analysis (NTA)
	Flow cytometry
	Small RNA quantitation
	miRNA profiling
	NGS Library generation and sequencing
	Bioinformatic analysis

	Statistical considerations

	Results
	Patient characteristics (MDS)
	MV in MDS - functional studies
	MV characterisation - nanotracking analysis
	MV subsets in MDS - flow cytometry
	Small RNA cargo in MV from MDS
	MV and correlation with blood counts clinical phenotype, bleeding and transfusion requirements in MDS
	miRNA expression analysis

	Discussion
	MV in MDS by functional coagulation, flow cytometry and NTA analysis
	MV and correlation with MDS risk scores and frequency of red cell transfusions
	miRNA in MV

	Conclusions
	Acknowledgements
	Supplementary data
	References




