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Factor IX activation peptide and soluble selectins in
patients with chronic myeloproliferative disorders

We evaluated factor IX activation peptide and soluble adhe-
sion molecules of the selectin class (endothelial, leukocyte
and platelet) in a group of patients affected by chronic myelo-
proliferative disorders (essential thrombocythemia and poly-
cythemia vera) with high platelet counts in a stable condition.
Using these markers, we could not demonstrate  evidence of
hypercoagulability or endothelial damage/dysfunction in such
patients.
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Essential thrombocythemia (ET) and polycythemia vera (PV)
are chronic myeloproliferative disorders (CMD) characterized by
a high incidence of thromboembolic complications. Increased
levels of markers of platelet activation and activated coagula-
tion system  have been reported in patients affected by such dis-
orders.1-3 Factor IX activation peptide  (FIXP) may be a vascular-
bed-specific marker for thrombosis in the coronary artery.4
Selectins (platelet-P, endothelium-E, leukocyte-L) together with
other  adhesion molecules play a key role in the pathogenesis of
thrombosis, inflammation, immunologic responses, and infec-
tions in the vasculature.5 They are up-regulated and released
into the circulation, where they can be detected in soluble form,
in a variety of disease states such as sepsis, acute stroke, and
heparin-induced thrombocytopenia.6 It has been shown recent-
ly that soluble P-selectin, but not soluble E-selectin is increased
in patients with essential thrombocythemia.7 We studied 26
patients with CMD and high platelet counts (platelets 818.9 ±
226, range 610-1610 ×109/L). Nineteen were affected by ET
(mean age 53.73, range 22-87 years) and 7 by PV (mean age
69.28, range 51-84 years). All patients, in a stable condition,
had been followed by us for at least 3 years. None of them had
thrombotic complications within one year prior to the study and
during a two year follow-up. Eighteen patients were taking, as
antiplatelet agent, 100 mg of aspirin daily alone, five were tak-
ing this drug in combination with hydroxyurea, and six took 250
mg of ticlopidine b.i.d. in combination with hydroxyurea (6
patients); 2 young ET subjects of 38 and 40 years with a platelet
count of  621 and 627 ×109/L, respectively, were not taking any
treatment. At the time of the study the PV patients had a packed
cell volume  below 50%. All patients, after blood collection, had
a follow-up of two years. As a control group we collected plas-
ma from 31 apparently healthy, non-smoker volunteers who
were age- and sex-matched with the patients (platelets 224.69
± 38.4, range 172 - 260 109/L). Patients and controls were divid-
ed into 3 groups by age: up to 44 years, from 45 to 59 years  and
from 60 to 87 years.

FIXP expressed in  picomoles/L (pmol/L) was determined in
patients and  controls using a radioimmunoassay (RIA) with a
double-antibody approach developed by us and previously
described.8 Soluble adhesion molecules of the selectin class (sES
endothelial, sPS platelet and sLS leukocyte) with concentrations
expressed in nanograms/mL (ng/mL) were determined in 18
patients (5 PV, 13 ET) and 27 control subjects using a commer-
cial enzyme-linked immunosorbent sandwich assay (ELISA) sup-
plied by Beneder, Vienna, Austria. The results were expressed as
a mean ± standard deviation (SD) of the mean. The analysis of
the differences was performed by Student's t test. A p value of
<0.05 was taken to be statistically significant.

In healthy subjects FIXP plasma levels increased, although not
statistically so, with older age (Table 1). CMD patients showed
levels similar to those of controls (Table 1). No statistically sig-
nificant differences were found in sES and sLS between patients

and controls. In contrast sPS was significantly higher in CMD.
(Table 2) However the concentration of sPS per platelet was sig-
nificantly reduced in CMP: CMP 0.28 ± 0.11 fg/platelet, controls
0.59 ± 0. 24 fg/platelet; p < 0.0001.

In patients with stable CMD treated with antiplatelet agents
we did not observe increased FIXP levels. Moreover sES and sLS
were also normal, in agreement with data from Fijnheer et al.7
and  Musolino et al.9 Although sPS was increased, its concen-
tration per platelet was significantly lower. This could be due
either to reduced synthesis or to reduced release since almost all
our patients were taking antiplatelet agents. Falanga et al.3
showed activation of the hemostatic system with elevated lev-
els of prothrombin fragment F1+2 and thrombin-antithrombin
III complex in patients with ET and PV. Since they found poly-
morphonuclear leukocyte activation in such patients, they sug-
gested that an increased release of polymorphonuclear proteas-
es may provide a potential mechanism for interference with the
hemostatic system. Platelets play a vital role as systemic com-
ponents of the hemostatic system and they are critical in the
activation of the intrinsic pathway. In our patients we could not
demonstrate enhanced platelet activation expressed as an
increased concentration of sPS per platelet like that found in
thrombotic consumptive platelet disorders.7 In conclusion we
did not find evidence of a hypercoagulable state nor of leuko-
cyte or platelet activation in these patients using FIXP, sLS and
sPS as markers. Moreover in agreement with Bellucci et al.10 no
systemic dysfunction/damage of endothelial cells seemed to be
present in our patients as the levels of sES were normal.5 These
facts could partially explain why we found a normal concentra-
tion of FIXP.
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Table 1.

Factor IX activation peptide plasma levels pmol/L

Age (years) 22-44 45-59 60-87

Controls 144.5 ± 73.7 134.8 ± 31.1 184.4 ± 76.4
n. 10 13 8

Patients 124.0 ± 60.8 131.8 ± 31.9 142.8 ± 53.1
n. 7 4 15

Table 2.

Soluble selectins plasma levels ng/mL

n. Endothelial Leukocyte Platelet

Controls 27 29.7 ± 17.9 723.7 ± 180.0 130.7 ± 55.2

Patients 18 36.0 ± 22.6 783.9 ± 123 208.7± 82.4*

*p = 0.012.



672

haematologica vol. 87(6):june 2002

scientific correspondence

Massachusetts, USA; Department of Biology, Massachusetts
Institute of Technology (MIT), Cambridge, Massachusetts, USA 

Key words: chronic myeloproliferative disorders, factor IX acti-
vation peptide, selectin (sE, sL, sP-selectin).
Funding: this study was supported in part by a 60% grant from the
Ministero dell'Università e della Ricerca Scientifica e Tecnologi-
ca, Italy.
Correspondence: Giuseppe Cella, MD, Dipartimento di Scienze
Mediche e Chirurgiche, Università degli Studi di Padova, Via
Ospedale Civile 105, 35100 Padova, Italy.
Phone: international +39.049.8212669. Fax: international
+39.049 8212661. E-mail: giuseppe.cella@unipd.it

Manuscript processing
This manuscript was peer-reviewed by two external referees
and by Professor Jerry L. Spivak, who acted as an Associate
Editor. The final decision to accept this paper for publication
was taken jointly by Professor Spivak and the Editors. Man-
uscript received February 08, 2002; accepted April 10, 2002.

References

1 Rossi C, Randi ML, Zerbinati P, Rinaldi V, Girolami A. Acute
coronary disease in essential thrombocythemia and poly-
cythemia vera. J Intern Med 1998; 244:49-53.

2 Jensen MK, de Nully Brown P, Lund BV,  Nielsen OJ, Has-
selbach HC. Increased platelet activation and abnormal
membrane glycoprotein content and redistribution in
myeloproliferative disorders. Br J Haematol 2000;
110:116-24.

3 Falanga A, Marchetti M, Evangelista V, Vignoli A, Licini M,
Balicco M, et al. Polymorphonuclear leukocyte activation
and hemostasis in patients with essential thrombocythemia
and polycythemia vera. Blood 2000; 96:4261-6.

4 Rosenberg RD. Vascular-bed-specific hemostasis and
hypecoagulable states: clinical utility of activation peptide
assays in predicting thrombotic events in different clinical
populations. Thromb Haemost 2001; 86:41-50.

5 Tedder TF, Steeber DA, Chen A, Engel P. The selectins: vas-
cular adhesion molecules. FASEB J 1995; 9:866-73.

6 Cella G, Fabris F, Luzzatto G, Soini B, Sbarai A. Increased
endothelial and platelet soluble selectins in heparin-
induced thrombocytopenia associated with thrombosis.
Haematologica 2001; 86:887-8. 

7 Fijnheer R, Frijns CJ, Korteweg J, Rommes H, Peters JH, Six-
ma JJ, et al. The origin of  P-selectin as circulating plasma
protein. Thromb Haemost  1997; 77:1081-5.

8 Bauer KA, Kass BL, Ten Cate H, Hawiger JJ, Rosenberg RD.
Factor IX is activated in vivo by tissue factor mechanism.
Blood 1990; 76:731-6.

9 Musolino C, Alonci A, Allegra A, Spatari G, Bellomo G,
Tringali O, et al. Increased levels of soluble adhesion mol-
ecule E-selectin in patients with chronic myeloproliferative
disorders and thromboembolic complications. Am J Hema-
tol 1998; 57:109-12.

10 Bellucci S, Ignatova E, Jaillet N, Boffa MC. Platelet hyper-
activation in patients with essential thrombocythemia is
not associated with vascular endothelial cell damage as
judged by the level of plasma thrombomodulin, protein S,
PAI-1, t-PA and vWF. Thromb Haemost 1993; 70:736-42.




