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Vascular complications are the main cause of 
morbidity in polycythemia vera (PV) and essen
Hal thrombocythemia (ET). To investigate plasma 
concentrations of soluble P-selectin (sP-Sel.), solu
ble E-selectin (sE-Sel.) and soluble thrombomodulin 
(sTM) in relation to the presence of thromboem
bolic events 38 patients with Chronic Myeloprolif
erative Disorders (CMD) (14 PV pts and 24 ET pts), 
15 age - matched controls and 15 patients with sec
ondary thrombocytosis were studied. Plasma levels 
of P-Sel., E-Sel. and TM were significantly increased 
in the group of patients as compared with con
trol subjects (respectively p < 0.001, p < 0.04 and 
p < 0.01). sP-Sel. levels showed no significant differ
ence between the patients and those with secondary 
thrombocytosis. No difference in sP-sellevels were 
also observed between subgroups of CMD patients 
with and without vascular complications. However, 
among patients with ET, those with thrombosis had 
higher sP-Sel levels than those without thrombosis 
(1.177 ± 110.48 ng/ml vs 816.25 ± 99.27 nglml). High 
levels of sE-Sel and sTM were found in CMD patients 
(71.93 ± 39.08 nglml and 35.81 ± 20.79 ng/ml, respec
tively). Plasma sE-Sel. concentration was significantly 
higher in CMD patients with thrombosis than that in 
CMD patients without thrombosis (p < 0.001). There 
was no difference in sTM concentration between 
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two groups. These findings indicate that sustained 
endothelium and platelet activation is present in 
patients with ET and PV and it might contribute to 
the pathogenesis of thromboembolic events in these 
patients. 

Keywords: Soluble P-selectin, E-selectin, thrombomodulin, 
essential thrombocythemia, polycythemia vera, thrombosis 

INTRODUCTION 

Thromboembolic events frequently characterize 
chronic myeloproliferative disorders (CMD) [1]. 
Blood hyperviscosity, platelet count or other risk 
factors certainly play an important role in the 
development and progression of these complica
tions, but no clear correlation between hemato
logical parameters and the incidence of throm
bosis has been established [2-5]. To investigate 
whether the presence of endothelial and platelet 
markers might be associated with an increased 
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risk for thromboembolic events in patients 
with essential thrombocythemia (ET) and poly
cythemia vera (PV) we assayed the plasma levels 
of soluble P-selectin (sP-Sel), soluble E-selectin 
(sE-Sel) and soluble thrombomodulin (sTM). 

P-selectin, an adhesion molecule, is present 
in platelet a-granules and endothelial Weibel
Palade bodies and is involved in leukocyte
platelet-endothelium adhesion. Increased solu
ble levels have been found in cardiovascular 
disease, in diabetes mellitus and in atheroscle
rosis. As raised soluble levels are released after 
stimulation, this molecule could therefore be con
sidered a new marker of platelet activation in 
vivo [6-10]. Cytokine-mediated endothelial cell 
activation results in increased surface expression 
of other leukocyte adhesion molecules, such as 
E-selectin. Soluble E-selectin is present in the 
supernatants of activated endothelial cells and 
raised plasma levels have been found in cancer, 
hypertension, diabetes and in coronary artery 
disease [11-12]. 

Thrombomodulin is a proteoglycan and increa
sed levels of soluble thrombomodulin have been 
reported in chronic myelogenous leukemia [13], 
thrombotic thrombocytopenic purpura DIC [14] 
and collagen vascular diseases [15]. lt Has been 
suggested that the levels of sTM are useful 
indicators of endothelial damage [16,17]. 

MATERIALS AND METHODS 

We studied 38 patients (12 M, 26F, mean age 
57.3 ± 11.8 years), 24 with ET and 14 with PV. 
The diagnosis was defined according to the 
criteria of the Polycythemia Vera Group [18]. 
Seventeen patients (10 with ET, 7 with PV) 
presented thrombotic manifestations in their past 
history. They included complete stroke, deep 
venous thrombosis, transient ischemie attack, 
cerebrovascular accident and digital gangrene. 

During this study, 15 patients were consi
dered before any chemotherapy,23 patients were 
treated with hydroxyurea and/ or phlebotomies 

when necessary. Fifteen patients received platelet 
antiaggregants (13 aspirin, 2 ticlopidine). No 
significant differences in age or duration of 
follow-up were found in the disease groups when 
they were divided into complication groups. 
Patients with hypercholesterolemia, diabetes, 
liver and kidney diseases were excluded from 
the study. 

Fifteen healthy control subjects and 15 patients 
with secondary thrombocytosis (ST) were also 
studied. The diagnosis of secondary thrombocy
tosis (platelet count ;::: 600 x 109 /1) was a pp lied to 
patients without CMD who had a disease known 
to be associated with secondary thrombocytosis 
(n°9 after post-surgical, n°5 iron deficiency, n°1 
splenectomy). They were with similar age and 
sex distributions of the patients. 

Ali blood collections were carried out between 
8.00 and 9.30 am after an overnight fast without 
venous stasis. Blood samples were obtained 
through a 21-gange needle into Vacutainer tubes 
containing 1/9 volume of 0.129 mol trisodium 
citrate. Ali plasma samples were iced for 10 min, 
there centrifuged at 2000 g for 15 min at 4 oc, 
and stored in small aliquots at -20 oc. Plasma 
samples from each individual were run in the 
same assay in duplicate. 

Soluble P-selectin and E- selectin were mea
sured by an enzyme-linked immunosorbent assay 
(Elisa) method (Bender-Med, Vienna, Austria). 
Plasma thrombomodulin was quantitated with 
commercial ELISA (Stago, France). 

Platelet count were determined by Coulter 
counter analyzer. 

Data were expressed as mean± SD. Statistical 
analysis was performed by using the ANOV A 
one-way test and Pearson's coefficient of correla
tion. The significance level was set top < 0.05. 

RESULTS 

sP-Selectin 

In ali patients the plasma sP-Sel was significantly 
increased to the healthy control group (798.45 ± 
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TABLE 1 Endothelium markers and soluble adhesion molecules levels in controls, in 
patients with ET., PV and ST 

Parameter Controls ST ET PV 
n = 15 n = 15 n = 24 n = 14 

sP-sel (ng/rnl) 152±30 515.7±317* 996.8 ±390* 509.7 ± 417.3* 

sE-sel (ng/rnl) 44.9 ± 14.3 50.9 ± 8.8 65.3 ±29.1* 83.2 ±21* 

sTM (ng/rnl) 11.3 ± 4.7 41.2 ± 18* 41.5 ± 22* 25.9 ± 13.6* 

•p < 0.04; 
lp < 0.01; 
lp < 0.005 (compared to contrais). 

457 ng/ml vs 152 ± 30 ng/ml; p < 0.001). The 
patients with ET had higher sP-S levels (996.87 ± 
390 ng/ml) than those with PV (509.71 ± 417.31 
ng/ml) (p < 0.002) (Table 1). A significant differ
ence was also found between the ET patients 
with thrombotic complications and those with
out thrombosis (1.177 ± 110.48 ng/ml vs 816.25± 
99.27; p < 0.02), while no difference was recorded 
in the PV group between those with and those 
without thrombosis (573.07 ± 166.10 ng/ml vs 
446.35 ± 170.64 ng/ml; p NS) (Figure 1). More
over, no difference was observed between 
the CMD patients and the patients with sec
ondary thrombocytosis (515.77 ± 317 ng/ml p = 
0.06) but these patients showed significantly 
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higher sP-S levels than the control group 
(p < 0.005). 

sE-Selectin 

The plasma levels of sE-selectin were higher 
in patients with ET (65.34 ± 29.15 ng/ml) and 
PV (83.21 ± 21 ng/ml) than in contrais (44.96 ± 
14.32 ng/ml). 

Although the plasma level of sE-sel tended to be 
higher in patients with secondary thrombocyto
sis (50.98 ± 8.84 ng/ml) than in control patients, 
the difference was not significant (Table 1). The 
plasma level of sE-sel was significantly higher 
in patients with thrombosis (103.15 ± 7.4 ng/ml) 

!&lET with thrombosis 

~ PV with thrombosis llilifJ PV without thrombosis 

FIGURE 1 Plasma P-selectin levels of ET and PV patients with and without thrombosis. 
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FIGURE 2 Plasma E-selectin levels of ET and PV patients with and without thrombosis. 

than in patients without thrombosis (46.65 ± 
5.5 ng/ml) (p < 0.001) in the overall study popu
lation (Figure 2). 

Thrombomodulin 

The ET patients had higher sTM levels than 
the healthy controls (41.56 ± 22.05 ng/ml vs 
11.35 ± 4.7 ng/ml) (p < 0.005). Increased val
ues were also found in patients with PV 
(25.96 ± 13.6 ng/ml) and secondary thrombocy
tosis (41.2 ± 18.8 ng/ml), but there was no sig
nificant difference between CMD patients and 
patients with secondary thrombocytosis (Table I). 
When the data were analyzed for subgroup of 
patients classified according to thrombotic com
plications, only patients with ET with throm
bosis (53.65 ± 6.8 ng/ml) showed a significant 
difference in plasma levels of sTM compared 
to those without thrombosis (32.93 ± 5.2 ng/ml) 
(Figure 3). 

Correlations 

A positive correlation was found between platelet 
count, sP-selectin and sTM in all CMD patients 
(r = 0.55, r = 0.44, respectively). 

There were no significant correlations between 
sP-Sel, sE-Sel and sTM. 

DISCUSSION 

The present study confirms the existence of 
endothelial and platelet activation in patients 
with ET and PV. Plasma levels of sP-sel, sE
sel and sTM were significantly elevated in all 
patients compared with the control group and 
there was a significant difference in relation with 
thrombotic complications. 

Severa! studies have shawn that patients with 
CMD have chronic activation of the coagu
lation system, such as a reduction of natu
ral anticoagulants, an increase of plasma pro
thrombin fragment1+2 and a hyperactivation of 
platelets [19,20,21]. However, these reports did 
not find any correlation between these abnorma
lities and the development of thrombosis. 

We previously reported that the plasma sE-sel 
levels may reflect the activation of endothelial 
cells in CMD patients [22]. 

In this study, there were significant elevations 
of sE-sel in bath ET patients and PV patients. We 
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FIGURE 3 Plasma Thrombomodulin levels of ET and PV patients with and without thrombosis. 

also found that the plasma concentration of sE
sel was further increased in CMD patients with 
thrombotic events. 

Moreover, to assess the degree of endothelium 
damage, which might contribute to the develop
ment of thrombosis, plasma levels of sTM were 
also investigated. 

Increased sTM concentration has been observed 
in disorders with vascular endothelium dam
age such as Wegener's granulomatosis, dissemi
nated intravascular coagulation, collagen vascu
lar diseases, diabetic microangiopathy [23,24,25]. 
Although there were elevated thrombomodulin 
levels in our patients, we did not find any corre
lation with the occurrence of thrombosis, except 
for the patients with ET. Moreover,levels of sTM 
did not correlate with plasma levels of sE-sel. 
The mechanism responsible for the production of 
circulating TM is different from that responsible 
for the production of soluble E-sel and soluble 
TM does not seem directly related to endothe
lium activation. Therefore, we suggest that sTM 
may reflect only the degree of endothelial dam
age, whereas sE-sel may be a specifie marker of 
endothelial cell injury and activation. In addi
tion, the increased plasma P-selectin levels in 

our patients also indicate likely in vivo activa
tion/ damage of platelets and endothelial cells. 
Elevated levels of sP-sel have been found in 
various diseases, characterized by damage of 
endothelial cells and thrombus formation [ 6,7,10]. 
In these disease states higher plasma levels of 
sP-sel might contribute to determine the overt 
thrombotic event. 

In conclusion, our data suggest that excess 
platelet activity with different pattern of endothe
lial activation or damage seem to be associated 
with a grea ter risk of thrombosis and may play a 
role in the vascular complications of CMD. 

However, follow-up studies are needed to 
verify the possible role of these molecules as 
prognostic markers of thrombotic risk. 
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