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Introduction: The role of platelets (Ps) and platelet-derived microparticles (MPs) in venous
thromboembolism (VTE) is still being debated.

Methods: We measured MPs, velocity of thrombin formation (PiCT) and phospholipid
generation (PLPs) in 40 patients with unprovoked deep vein thrombosis (DVT), who were
compared with 40 healthy controls.

Results: MPs were higher in DVT (7.12 nM; 25th-75th percentile 5.26-9.12) than in
controls (5.45 nM; 25th—75th percentile 1.67-8.96) (p = 0.19). PiCT velocity was lower in
DVT (1.87 sec; 25th—75th percentile 1.75-1.93 sec) compared with controls (1.95 sec; 25th—
75th percentile 1.84-2.24 sec) (p = 0.04). PLPs were higher in DVT (77.03 pg/mL; 25th—
75th percentile 72.12-103.59 pg/mL) compared with controls (68.65 pg/mL, 25th—75th
percentile 55.31-78.20 pg/mL) (p = 0.02).

Discussion: We hypothesize that MPs could be integrated with the lab network assay in
evaluating Ps’ role as an activated procoagulative condition. We encourage research on Ps
and P-derived microvesicle pathways in patients with unprovoked DVT and not only in
patients with cancer-induced DVT.
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Plain Language Summary

The intent of the study was to draw attention to platelet-derived microparticles and thrombin
generation in deep vein thrombosis because a favourable role for platelets in venous
thromboembolism is still being debated. In unprovoked deep vein thrombosis, the authors
found a high release of platelet-derived microparticles and raised thrombin generation. These
results raise awareness of the role of platelets, platelet-derived microparticles in unprovoked
deep vein thrombosis, as well as evaluating the clot-activated conditions leading to throm-

boembolism in the venous circulation.

Introduction

Deep vein thrombosis (DVT) is a venous thromboembolic disease' that occurs in
patients with favourable conditions (ie, cardiac, cerebral or inflammatory diseases,
recent trauma or surgical procedures, etc.). DVT frequently affects patients suffer-
ing from cancer, those prescribed anti-cancer drugs or those with central venous
catheter implants.”> DVT mainly occurs in individuals with genetic or acquired
thrombophilia.® A high level of awareness has been drawn to coagulative cascade
factors in DVT, whereas there is little awareness of platelets as agents which induce
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clotting in DVT patients. The results of clinical trials’®
have pointed to the efficacy of low doses of acetylsalicylic
acid in reducing the risk of venous thromboembolism.
However, the efficacy of platelets (Ps) antagonism in
venous thromboembolism has not been clearly demon-
strated, whereas its role in arterial thrombosis has been
demonstrated. Interestingly, platelets are a primary source
of microparticles (MPs), which are phospholipid vesicles
(0.1-1.0 um) with procoagulative activity linked to tissue
factor (TF) and phospholipids (PLPs).>'” To investigate
the MPs released in the bloodstream and in thrombin
generation in patients suffering from DVT of the lower
limbs, we performed a case—control study focusing on
platelet-derived MPs in 40 patients diagnosed with DVT.

Materials and Methods
Study Subjects (Table I)

We enrolled forty patients (mean age 57.8 + 7.2 years old),
of which 21 were male (mean age 57.9 + 6.9 years) and 19
were female (mean age 58.8 + 7.3 years) affected with
unprovoked DVT who had been referred to the Vascular
Medicine Laboratory of the Internal Medicine Unit at the
“G. Rodolico” University Hospital (Catania, Italy). The
patients were matched to a similar number of individuals
that attended the vascular laboratory and were not diag-
nosed with an illness. They were considered as controls.
None of the DVT patients had suffered from recent cardiac
ischemic events (myocardial infarction, cerebral stroke,
bowel ischemia), chronic renal failure, active liver diseases
or cancer. None of the DVT patients were smokers at the
time of enrolment. Patients were informed of the research,

Table | Characteristics of Controls and DVT Cases

Variables DVT Cases Controls p-value
(n = 40) (n =40)

Gender
Males 21 20 ns.
Females 19 20

Median Age, y (IQR) 61.5 (44.3-72.0) | 583 (37.0-66.1) | ns.
<5I1.0 17 18 0.15
>52.0 23 12

Median BMI (kg/m?) (IQR) 27.0 (24.3-38.3) | 24.8 (22.4-28.8) | 0.327
Normal (< 25) 15 15 n.s
Overweight (25-29.9) 8 8
Obese (= 30) 17 17

Anticoagulant therapy (yes/ 40 0 0.0001

no)

Note: Bold value indicates statistical significant.

consented to blood sampling and provided verbal consent to
the research. Verbal consent was approved by the ethics
committee. To diagnose DVT of the lower limbs, patients
received a non-invasive ultrasound test (US) using a MyLab
Twice instrument (Esaote Ind. Genova, Italy) equipped with
a linear probe. The diagnosis of DVT of the lower limb was
carried out non-compressing one or more deep lower limb
veins by doppler probe (positive CUS test), and/or evidence
of echogenic patterns in one or more deep lower limb veins.
The present study was previously approved by the Ethics
committee Study of the Hospital Garibaldi (Catania, Italy;
resolution n.23/2016/CECT2) and was conducted in accor-
dance with the Declaration of Helsinki.

Microparticle (MP) Detection

The blood samples were drawn quickly and early in the
morning. Venous blood samples were drowned in citrate
vacuum tubes and treated rapidly by centrifugation
(1500 rpm for 15 minutes with an Eppendorf Centrifuge
5417 C/R) to obtain platelet-poor plasma. A second centrifu-
gation step was carried out on plasma (13,400 rpm for 2 min-
utes). Platelet-free plasma samples were stored at —80 °C to
ensure sufficient microparticles, which were then captured by
immobilized annexin V. In brief, biotinylated annexin
V (annexin VBi; Roche Diagnostics, Mannheim, Germany)
was insolubilized onto streptavidin-coated 96-well micro-
titration plates (Roche Diagnostics, Mannheim, Germany).
After washing the plates three times with TBS-Ca®" (50
mM Tris buffer, pH 7.5 containing 120 mM NaCl, 2.7 mM
KCl, and 1 mM CaCly), 300 pL aliquots of platelet-free
plasma was thawed and thrombin inhibitor, and factor Xa
inhibitor (Merck, Darmstadt, Germany) were added. A 100
pL aliquot of platelet-free plasma per well was incubated for
30 min at 37 °C (duplicate wells). After four washing steps, the
anionic phospholipid content was determined by a classic
prothrombinase assay. The results were reported as nM phos-
phatidylserine equivalents (nM PS) according to Pigault
etal

Prothrombinase-Induced Clotting Time
Assay (PiCT)

The immobilized MPs were incubated in a final volume of
150 pL with factor Va (250 pM), Xa (9.3 pM), prothrom-
bin (0.7 uM) and CaCl, (saturated solution) for 15 min at
37 °C (all reagents from Sigma Aldrich, USA). Then, 1.5
mM Chromozym TH (Roche Diagnostics, Mannheim,
Germany) was added as a chromogenic substrate for
thrombin, and the solution was incubated for another
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4 min. The chromogenic substrate was cleaved by throm-
bin. The colour change was measured photometrically
(405 nm) using a micro-titration plate reader (Thermo
Fisher Scientific Inc, Canada) equipped with kinetic soft-
The
a Michaelis—Menten kinetic and was stopped after 4 min
by the addition of EDTA (5 mM, Sigma Aldrich, USA).
Velocity was reported in seconds (sec).

ware. colour development reaction followed

Phospholipid Detection (PLPs)

Phospholipids were quantified according to a modified
Stewart assay (only 100 pL of platelet-free plasma).
The Stewart assay is based on the ability of phospho-
lipids to form a complex with ammonium ferrothiocya-
13.52 g of ferric
hexahydrate and 15.2 g of ammonium thiocyanate
(both from Sigma Aldrich) were dissolved in 0.5
L Milli-Q water. The solution is stable at room tem-

nate. Quantities of chloride

perature for several months. A PLP (Sigma Aldrich)
calibration standard of 0.1 mg/mL was prepared in
chloroform. A six-point calibration curve was per-
formed using chloroform as solvent, bringing the final
volume to 2 mL (0—1 mL of PhPs standard in 2 mL of
chloroform). Finally, 2 mL of ferrothiocyanate solution
was added to all six standards prepared in glass tubes.
The tubes were vortexed for 20 seconds and then
centrifuged for 5 minutes at 1000 r.p.m., the lower
layer then being removed using Pasteur pipettes. Test
samples were similarly prepared. The optical density of
the standards and samples was read at 485 nm in
UV-
2401PC. Test-sample concentrations were found by

a Shimadzu Recording Spectrophotometer

comparing them with the standard curve.

Statistical Analysis

Descriptive statistics used medians (IQR) for quantita-
tive variables, and frequencies and percentages for
categorical variables. Distribution differences were cal-
culated using the Mann—Whitney U-test for continuous
variables and the Chi-Square Test or Fisher’s Exact
Test, depending on the number of subjects in each
subgroup of categorical variables. The level of signifi-
cance was p < 0.05. All the calculations were per-
formed wusing the Statistical Package for Social
Sciences (SPSS), version 21.0 for Windows (SPSS
Inc., Chicago, IL, USA).

Results
P-Derived Microparticle (MPs) Levels

The median value (interquartile 25th—75th percentile) of
the MPs was 7.12 (5.26-9.12) phosphatidyl-serine equiva-
lent (nM) in DVT patients, and in controls, it was 5.45
(1.67-8.96) phosphatidyl-serine equivalent. The difference
between the medians was not significant (p = 0.19)
(Figure 1).

Prothrombinase-Induced Clotting Time
Assay (PiCT) Velocity

The median value (interquartile 25th—75th percentile) of
the PiCT was 1.87 sec (1.75-1.93) in DVT patients and
1.95 sec (1.84-2.24) in controls (Figure 2). This difference
was statistically significant (p = 0.04).

Phospholipids (PLPs)

The median value (interquartile 25th—75th percentile) of
PLPs was 77.03 pg/mL (72.12-103.59) in DVT patients
and 68.65 pg/mL (55.31-78.20) in controls (Figure 3).
This difference was statistically significant (p = 0.02).

Discussion

Procoagulative disorders play a key role in venous throm-
boembolic diseases such as DVT, even when they occur as
asymptomatic or poorly symptomatic. However, there is
a close tie-in between DVT and pulmonary embolism, '
for which it is widely accepted that combined coagulative
markers (ie, D-dimer) and ultrasound examination (ie,

ultrasound) have improved the diagnosis of DVT. From
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Figure 1

Figure | Box-plot showing the distribution of microparticle (MP) quantification by
controls and DVT cases.
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Figure 2

Figure 2 Box-plot showing the distribution of prothrombinase-induced clotting
time assay (PiCT) velocity by controls and DVT cases. The asterisks are outliers,
and the dots are extreme values. The numbers identify the sample to which the
asterisk or dot refers.
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Figure 3

Figure 3 Box-plot showing the distribution of phospholipid (PLP) quantification by
controls and DVT cases.

the abundant evidence on the role of coagulative factors
and disorders in provoking DVT, the latest anticoagulant
drugs are the first line of treatment for DVT.'*"'> All these
drugs focus on inhibiting the activation of components in
the coagulative cascade to counteract prothrombotic event
drama in the venous circulation. The role of Ps as active
cells in venous thromboembolism has been less contested
or almost unknown, whereas the role of Ps aggregation is
considered as crucial both in starting and in determining
arterial thrombosis. Study results and meta-analyses have
commented on the effectiveness of acetylsalicylic acid in
reducing VTE recurrence.”® These studies compared

acetylsalicylic acid favourably to dicumarolics in the sec-
ondary prevention of venous thromboembolisms including
lower limb DVT. However, to date, there has not been any
consensus on the efficacy of platelet antagonism in treating
or reducing VTE."> Microparticles favour clots by increas-
ing the assembly of procoagulative factors, which gives
them high procoagulant capability. It is known that the
surfaces of microparticles have both clot proteins and
phosphatidylserine. In turn, the presence of gamma-
carboxyglutamic acid in clot proteins greatly increases
the activated complex of procoagulative factors such as
activated factors VIII/IX and V/X.'® Additionally, it is
known that microparticles release tissue factor (TF),
a transmembrane glycoprotein, and it is a potent initiator
of procoagulant activity in vitro. TF increases procoagu-
lant activity dramatically, and it has been demonstrated in
different diseases showing a high frequency or risk for
thromboembolic events. Platelet-derived microparticles
are closely linked to activated coagulative factor com-
plexes; therefore, these particles play a key role in throm-
bin generation.'”'®

Our study shows that MPs plasma levels and thrombin
generation increase in DVT patients compared with con-
trols. To explain these results, it is necessary to consider
the close relationship between pro-inflammatory mediators
like lipopolysaccharides,'” the complementary activation
of platelet-leukocyte complexes and cytokines,?® and solu-
ble CD40 ligands on platelet stimulation.”’ We know that
soluble CD40 ligands induce thrombin-receptor activating
peptides.?® It is accepted that platelets carry, transfer and
internalize tissue factor (TF), leading to the TF-rich
P-derived microparticles.”>*> MPs increase the velocity
of thrombin generation and promote clot propagation fol-
lowing TF.** Furthermore, MPs are also rich in anionic
PLPs and are capable of supporting and stimulating coa-
gulation. The adhering platelets degranulate and release
several components, including calcium ions, which bind to
phospholipids and provide a surface for various coagula-
tion factors to assemble.”” In normal haemostasis, free-
ionized calcium needs to start platelet plug formation, but
it also facilitates several steps in the coagulative cascade.
Calcium also mediates the binding of prothrombin com-
plexes through terminal gamma-carboxy residues to the
PLP surfaces expressed by activated platelets, as well as
acting on the procoagulant MPs shed from them (this
particular role of calcium ions also acts on the PLP of
MPs shed from them). It is noteworthy that we decided to
modify the PiCT assay methodology to reveal the possible
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differences in thrombin generation and in its velocity of
generation in the two groups of samples. We want to draw
attention to the role of Ca*" by using a saturated Ca®"
solution for a modified prothrombinase test on blood sam-
ples from both groups. The test showed a greater velocity
of thrombin generation in DVT patients. We know that
annexin is one essential protein for activating factors
V and VII of the coagulative cascade as well as Ca*'
regulation of phospholipid-binding proteins.*>=° Our
laboratory methodology for assaying PiCT included equal
Caz+
patients and from controls. The PiCT results were inde-

saturation in blood samples drawn from DVT

pendent of thrombin-mediated FV activation.

It should be noted that the activation of coagulation by
the whole prothrombinase complex containing pre-activated
factor V is between 30,000 and 300,000 times faster than
that by FXa alone and 1000 times faster than the activation
stimulated by FXa together with calcium ions and phospho-
lipids. Our modified PiCT test with saturated Ca®" solution
increased prothrombin activation velocity, improved test
reproducibility and linearity and reduced result variability.
Therefore, this methodology may obtain more accessible
and reproducible results as suggested by other
authors.?* 2’ The P-derived MPs add a procoagulative sur-
face to the P-derived phospholipids by an enzymatic cata-
lytic process, actively promoting procoagulative imbalance,
thus improving thrombin generation and binding fibrinogen
and, finally, increasing Ps aggregation. It is also interesting
to note that MPs promote the release of TF, which is the
most active clotting factor in venous thrombosis. It should
also be noted that the PiCT assay is a sensitive, specific
laboratory test in measuring both the activation of throm-
bin-dependent and  anti-thrombin-independent  FXa
inhibition.

To discuss P and MPs in venous thromboembolism, we
would like to cite our findings on oxidative stress in DVT. We
have demonstrated that oxidative stress occurs in DVT
patients from the high plasma levels of oxidative stress
surrogate biomarkers (malondialdehyde, thiobarbituric acid-
reactivity, 4-hydroxynonenal assay) in DVT patients.”® Note
that oxidative stress is closely related to the generation of
platelet agonist agents (ie, thromboxane), which promote
platelet activation, leading to conditions that favour throm-
bosis. Malondialdehyde-lipid adducts have the ability to
activate coagulation.”” Among the pathophysiological roles
that both P and MPs may play in venous thrombotic diseases,
we should note that the two mentioned above are closely

linked to TF, which is crucial in promoting VTE events both

in cancer patients and in those showing no prothrombotic
conditions.*® Mixed research results were found for MPs in
patients suffering from venous thrombotic events (eg, lower
limb DVT). Chrinos et al did not find high levels of micro-
particles in acute VTE patients, and no association was found
between P microparticles and VTE.*® Chirinos and Thaler
found that elevated plasma levels of MPs were also asso-
ciated with TF in unprovoked DVT patients compared with
non-DVTs. > " In contrast, in patients with antiphospholipid
syndrome, P microparticles were considered key to
a pathophysiological mechanism, and these particles were
also cited as able to cause thrombotic complications in those
types of patients.>> Based on our results, we could conclude
that in non-cancer DVT patients there is a P-mediated pro-
coagulative condition. In DVT patients compared with con-
trols, there were higher plasma levels of P-derived
microparticles by PiCT assay and finally by increased levels
of PLPs, which agrees with Pabineger.*® So, MPs cannot be
used as a single indicator in the laboratory of the possible risk
of VTE. Rather, we would like to suggest considering
a network of laboratory markers including MPs, modified
PiCT assays and PLPs to elicit the role played by Ps and to
screen for activated prothrombotic conditions favourable to
DVT. We would like to draw attention to the fact that the
enrolled patients were affected by unprovoked lower limb
DVT. None of the enrolled patients was affected by cancer.
We know that P and derived micro-vesicles are key players in
venous thromboembolism associated cancer.**® In conclu-
sion, the results of this study could increase awareness of Ps
in the pathophysiology of venous thromboembolism as well
as in DVT patients.

Our study has limitations. Firstly, the number of enrolled
patients with lower limb DVT was limited. The present paper
shows the results of an observational monocentre institutional
study enrolling patients affected from DVT of the lower limbs.
We are aware of the low incidence of DVT; it ranges from 20
to 24 cases young individuals to 80-84 in older adults per
10,000 per year.*” Based on the abovementioned epidemiolo-
gical data, it is therefore understandably difficult for a single
clinical centre to enrol a large number of cases of patients that
suffer from DVT of the lower limbs alone. Furthermore, the
present study was planned to evaluate the plasma levels of
platelet-derived microparticles in patients suffering from
unprovoked DVT of the lower limbs who did not have cancer.
Our study was planned to enrol cancer-free patients diagnosed
for DVT of lower limbs, since cancer represents both
a dramatic risk factor for venous thromboembolic events,
including DVT of the lower limbs, and also because cancer
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per se seriously alters haemostatic balance. Additionally, can-
cer causes high release of TF, which is closely linked to
elevated production of platelet-derived microparticles.
Therefore, we planned a case—control study to help achieve
the study objectives. The strengths of the study are that we
measured MPs, PiCTs and PLPs from patients suffering from
unprovoked DVT of the lower limbs but none from patients
having cancer as the most favourable prothrombotic condition.
In conclusion, we would like to promote more awareness of
platelets and their derived microparticles as important compo-
nents in venous, as well as arterial, thrombogenesis.
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