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The term classic BCR/ABL-negative myeloprolifera-
tive neoplasms encompasses three disorders,
polycythemia vera (PV), essential thrombo-

cythemia (ET), and primary myelofibrosis (PMF), which
originate in a single pluripotent hematopoietic stem cell
and share several clinical, hematologic and histological
features. These include bone marrow hypercellularity
with variable degrees of fibrosis, overproduction of one

or more of the blood cell lines, frequent splenomegaly,
increased risk of thrombosis and bleeding, and the ten-
dency to evolve into acute leukemia. Transition from
one disorder to another is also occasionally observed.
Recently, the discovery of the V617F mutation in the
JAK2 gene in the majority of patients with a myelopro-
liferative neoplasm has provided biological support to
the inclusion of the three diseases within the same



group.  From the clinical standpoint, the tendency to
thrombosis is one of the most outstanding characteris-
tics of the myeloproliferative neoplasms, with this espe-
cially applying to PV and ET. In addition to non-specif-
ic host factors, such as advanced age, a previous history
of thrombosis and the possible co-existence of vascular
risk factors or inherited thrombophilia, factors con-
tributing to the appearance of this complication include
increased red cell mass in the case of PV, thrombocyto-
sis, and the existence of abnormalities of platelet func-
tion.1,2 In the last years, evidence on the role of leuko-
cytes in the thrombosis of myeloproliferative neo-
plasms has been accumulated.

Leukocyte and platelet activation and the thrombosis
of myeloproliferative neoplasms

Cellular interactions between leukocytes, platelets
and endothelial cells are regulated by complex mecha-
nisms that involve multiple molecules. Overexpression
of several of these molecules, resulting in enhanced
leukocyte and platelet activation and increased adhesiv-
ity of the blood cells to the endothelium, has been
reported in PV, ET and PMF. It is currently believed that
these alterations play an important role in the pathogen-
esis of the thrombosis in these diseases. 

The leukocytes of patients with PV and ET have an
activated phenotype, as demonstrated by their
increased capacity of phagocytosis and production of
reactive oxygen species overexpression of the mem-
brane CD11b antigen and leukocyte alkaline phos-
phatase, and increased content of plasma and cellular
elastase shown in different studies.3-9 However, in none
of these studies was a comparison made between
patients with myeloproliferative disease with and with-
out thrombosis. Arellano-Rodrigo et al. first analyzed
leukocyte and platelet activation in ET patients with
and without thrombosis, showing an increased percent-
age of platelets that expressed P-selectin, as well as
overexpression of the monocyte CD11b antigen in
patients with thrombosis,10 which suggests that the acti-
vation of the platelets and leukocytes (and, notably, the
monocytes) could be involved in the genesis of the
thrombosis of this disease (Table 1). The CD11b antigen
is also overexpressed in the neutrophils of patients with
PV, especially in those with Budd-Chiari syndrome or
thrombosis of the splenoportal vein tract,11 a finding

that would support the role of leukocyte activation in
the thrombosis of patients with this neoplasm (Table 1). 

Additional support to the pathogenic role of the
leukocytes in the thrombosis of myeloproliferative neo-
plasms is the recently demonstrated association
between the presence of leukocytosis at disease presen-
tation and increased risk of thrombosis in these
patients.12

Platelet-leukocyte complexes 
in the myeloproliferative neoplasms

Platelet and leukocyte activation results in an
increased percentage of circulating platelet-leukocyte
complexes. Thus, in PV patients, 40-50% of leukocytes
circulate with platelets adhered on their membrane.
This percentage is even higher in ET, with 50-60% of
the neutrophils and 80% of the monocytes showing
platelet adhesion.10,11,13 Platelet P-selectin and circulating
platelet-leukocyte complexes have been reported to cor-
relate with neutrophil degranulation, stabilization of the
fibrinogen on the surface of the leukocytes and higher
extracellular tissue factor content. All these alterations
disappear following treatment with hydroxyurea, prob-
ably because of blockade of the interaction between the
platelet P-selectin and the neutrophil P-selectin glyco-
protein ligand-1.14 Falanga et al. observed a correlation
between the percentage of platelet-leukocyte complex-
es and CD11b expression, indicating that leukocyte
activation promotes the formation of these complexes.13

Interestingly, aspirin treatment resulted in a decrease in
the formation of platelet-leukocyte complexes.13 A rela-
tionship between the percentage of circulating platelet-
leukocyte complexes and a history of thrombosis in
patients with myeloproliferative neoplasms has been
registered in some but not all studies.10,11,13,15 Overall, the
abovementioned findings would support the hypothe-
sis that the increased number of circulating platelet-
leukocyte complexes could play a role in the thrombo-
sis of myeloproliferative neoplasms. However, the clin-
ical utility of this parameter as a marker of increased
risk of thrombosis has not been determined as yet.

Leukocyte activation and coagulation parameters
The link between leukocyte activation and thrombo-

sis in myeloproliferative neoplasms was further
strengthened by the finding of increased concentrations
of several markers of coagulation and endothelial acti-
vation in these patients. Thus, increases in prothrombin
fragment 1+2, D-dimer, thrombin-antithrombin com-
plex, von Willebrand factor, and thrombomodulin have
been demonstrated in PV and ET patients with
increased leukocyte and platelet activation.8,16-19

Trappenburg et al.19 reported that ET patients have high-
er numbers of microparticles expressing platelet and
endothelial markers, which are associated with
increased thrombin generation. Moreover, acquired
activated protein C resistance has recently been report-
ed in PV and ET, being correlated with reduced concen-
trations of factor V and free protein S.18,20 It has been
hypothesized that, in patients with myeloproliferative
neoplasms, continuous leukocyte degranulation due to
the leukocyte activation might result in factor V and
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Table 1. Parameters of blood cell and coagulation activation associ-
ated with thrombosis in the myeloproliferative neoplasms.
Location Parameters

Coagulation ↑ Factor V in ET18

↑ Acquired activated protein C resistance in ET18

↑ Thrombin generation in PV and ET20

Neutrophil ↑ CD11b in PV with splanchnic vein thrombosis11

↑ Platelet-neutrophil complexes in the myeloproliferative
neoplasms15

Monocyte ↑ Baseline CD11b in ET10

↑ Tissue factor following lipopolysaccharide 
activation in ET10

Platelet ↑ Baseline and arachidonic acid-induced P-selectin in ET10

↑ Reticulated platelets in ET18



Editorials and Perspectives

| 1486 | haematologica | 2009; 94(11)

protein S consumption, with this leading to activated
protein C resistance. Of note, acquired activated protein
C resistance has recently been found to be independent-
ly associated with an increased risk of thrombosis in
ET.18

Tissue factor is currently considered as the main trig-
ger of the coagulation cascade in vivo. Although no dif-
ferences have been found in the baseline plasma concen-
trations of tissue factor in patients with PV and ET as
compared with healthy controls, greater tissue factor
production capacity has been observed in activated
monocytes from PV patients, whereas a higher concen-
tration of tissue factor molecules has been registered in
the membrane of ET monocytes, a feature that was cor-
related with an increased frequency of thrombosis.10,21

Leukocyte and platelet activation and the JAK2
mutation

The JAK2 mutation or its increased allele burden has
been associated with a higher incidence of thrombosis in
patients with myeloproliferative neoplasms in some
studies,1,2 but the exact mechanism of this association
remains uncertain. Following the discovery of the JAK2
mutation, various studies have tried to correlate leuko-
cyte and platelet activation with the patients’ JAK2
mutational status and allelic burden (Table 2). Thus,
platelet P-selectin levels, both at baseline and after
arachidonic acid stimulation, were found to be higher in
ET patients with the JAK2 mutation than in those with
the wild-type allele, indicating that platelet activation is
modulated by the JAK2 mutation.10 Since P-selectin
induces recruitment and activation of leukocytes in sites
of endothelial damage and promotes the formation of
platelet-leukocyte complexes, the presence of the JAK2
mutation could result in a prothrombotic state via P-
selectin overexpression. The dosage effect of the JAK2
allelic burden on several markers of platelet and
endothelial activation, such as soluble P-selectin, soluble
CD40 ligand, von Willebrand factor, and the percentage
of circulating platelet-leukocyte complexes, recently

reported in JAK2-positive ET, would be in keeping with
these results.17,18 Increased expression of leukocyte alka-
line phosphatase and CD14 has also been found in
JAK2-positive myeloproliferative neoplasms.17,22

Furthermore, when ET monocytes were stimulated with
lipopolysaccharide, those from JAK2-positive patients
expressed a higher number of CD11b and tissue factor
molecules in the membrane than those from JAK2-nega-
tive patients.10 Neutrophil and monocyte CD11b expres-
sion was also found to be higher in JAK2-positive PMF
patients than in those with the wild-type allele.23 These
data suggest that the JAK2 mutation promotes leukocyte
activation, which could result in increased leukocyte
adhesivity, endothelial damage, and coagulation activa-
tion. In addition, the presence of the JAK2 mutation in
circulating endothelial progenitor cells and liver
endothelial cells of patients with myeloproliferative neo-
plasms, especially in those with Budd-Chiari syndrome,
further supports a role for defective endothelial cells in
the pathogenesis of thrombosis in these diseases.24,25

Finally, the acquired activated protein C resistance
observed in ET and PV is also correlated with the JAK2
mutation, especially in homozygotic patients, support-
ing a prothrombotic role for the mutation. This hypoth-
esis is reinforced by the high plasma tissue factor con-
centration and low concentrations of protein S, factor II,
factor V, and tissue factor inhibitor found in JAK2-posi-
tive patients with myeloproliferative neoplasms.18,20

Basophil and mast cell activation 
in the myeloproliferative neoplasms

Mast cells and basophils are key mediators of immedi-
ate allergic and inflammatory responses, the former
being predominant in the tissues and the latter in the cir-
culation. Unlike mast cells, basophils circulate in the
blood as mature cells and are thought to be incapable of
proliferating. The generation of mast cell-committed
progenitors is unclear, since developmental studies in
murine models of hematopoiesis have been unable to
demonstrate a shared bipotent progenitor cell for mast

Table 2. Parameters of blood cell and coagulation activation associated with the presence of the JAK2 mutation or its allele burden in the
myeloproliferative neoplasms.

Location Parameters

Coagulation ↑ Prothrombin fragment 1+2 in PMF23

↑ Tissue factor in ET18

↑ Free protein S in PV and ET18,20

↑ Acquired activated protein C resistance in PV and ET20

Endothelium ↑ von Willebrand factor antigen in ET18

↑ Thrombomodulin in ET17,18

Neutrophil ↑ Leukocyte alkaline phosphatase and ↑ CD14 in ET/myeloproliferative neoplasms17,22

↑ CD11b in PMF23

↑ Platelet-neutrophil complexes in ET17

Monocyte ↑ CD11b and tissue factor following lipopolysaccharide activation in ET10

↑ CD11b in PMF23

Basophil ↑ CD63 at baseline and after stimulation in PV26

Platelet ↑ Baseline and arachidonic acid-induced P-selectin in ET10

↑ Soluble P-selectin and soluble CD40 ligand in ET/myeloproliferative neoplasms16,18

↑ Tissue factor at baseline and after stimulation in ET17



cells and basophils or whether mast cells are derived
directly from a multipotent progenitor cell. In this
regard, it must be pointed out that the presence of the
KITD816V mutation in the mast cells but not in the
basophils of patients with mastocytosis points to a sep-
arate origin of the two cells in a different progenitors.
Both types of cells have granules that contain histamine,
platelet-activating factor, and bioactive proteoglycans,
and their degranulation is mediated by the Fc-epsilon
receptor, generally triggered by aggregated IgE. In this
issue of the journal, Pieri et al.26 report the results of the
first study aimed at investigating the function of
basophils in myeloproliferative neoplasms according to
the patients’ JAK2 mutational status, showing an
increased number of activated basophils in PV patients,
both at baseline and after stimulation. The fact that the
percentage of circulating activated basophils was corre-
lated with the presence of aquagenic pruritus and with
the JAK2 allelic burden would indicate that basophil
activation is driven by the JAK2 mutation, and, proba-
bly mediates aquagenic pruritus. Until now, the origin
of aquagenic pruritus in PV was poorly understood. In
this context, the findings by Pieri et al.26 support a patho-
genic role for basophil activation in the appearance of
this symptom. Since the status of the mast cells in JAK2
-positive myeloproliferative neoplasms is not well
known, their possible activation could be an alternative
explanation for the genesis of the pruritus. In this sense,
it has recently been shown that mast cells are also
involved in the malignant process of patients with
myeloproliferative neoplasms and that they have an
increased state of activation and release greater levels of
pruritogenic factors, which might contribute to the pru-
ritus.27,28 In addition, there is now accumulating evi-
dence that mast cells may play a role in atherothrombo-
sis.29 The observation by Pieri et al. lends additional sup-
port to the notion that the JAK2 mutation promotes the
activation, and not only the accumulation, of normally
functional mature blood cells. The degree of activation
is correlated with the mutated allelic burden and would
be either responsible for or a contributor to some of the
most characteristic clinical manifestations of the myelo-
proliferative neoplasms, such as aquagenic pruritus and
thrombosis. In addition to casting light onto the patho-
genesis of the myeloproliferative neoplasms, the results
of the study by Pieri et al.26 provide a further rationale
for the use of JAK2 inhibitors in these diseases. 

Conclusions
The available data demonstrate a state of activation of

leukocytes and platelets in patients with the classic
Philadelphia chromosome-negative myeloproliferative
neoplasms. There is also accumulating evidence indicat-
ing that such activation is greater in those patients with
thrombosis. However, the data are not robust enough to
enable us to consider the finding of a high degree of
blood cell activation as an indicator of increased risk of
thrombosis in such patients. Finally, a possible link
between blood cell activation and the JAK2 mutation or
its allele burden is emerging.
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