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Abstract: Background: In patients with myeloproliferative neoplasia (MPN) the development of fibrosis and increased
vessel density correlate with poor prognosis. The JAK2V617F mutation constitutively activates JAK2, which phosphory-
lates signal transducer activator of transcription (STAT), up-regulating vascular endothelial growth factor (VEGF),
which might be responsible for angiogenesis in MPN. Galectins are involved in the development of fibrosis and angio-
genesis and might also be involved in activation of the JAK/STAT pathway in MPN. Methods: 106 MPN patients, 36
essential thrombocythemia (ET), 25 polycythemia vera (PV) and 45 primary myelofibrosis (PMF), were analyzed for
the expression pattern of galectin-1, galectin-3, pSTAT3, pSTAT5 and MVD by immunostaining of bone marrow biopsy
sections followed by automated image analysis. The JAK2 mutational status was analysed through real time PCR in
blood samples. Results: The expression of galectin-1 was significantly higher in all MPN patients compared to normal
controls. Galectin-3 was expressed more in PV patients. MVD was significantly higher in all MPN patients and corre-
lated with galectin-1 and pSTAT5 expression. pSTAT5 expression showed a trend of higher expression in patients
carrying the JAK2V617F mutation as well as in PV patients. PMF patients and all JAK2V617F positive patients showed a
significantly higher pSTAT3 expression compared to control and ET patients. Conclusion: The findings suggest the
involvement of galectin-1 in MPN development, regardless of the subtype. Furthermore involvement of galectin-3 in
PV development, pSTAT5 in that of PV and JAK2V617F positive patients and angiogenesis, as well as pSTAT3 is in-
volved in the pathogenesis of PMF.
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Introduction development.

Myeloproliferative neoplasia (MPNs) are clonal Galectins mediate cell adhesion and stimulate
bone marrow stem cell disorders, characterized cell migration, proliferation and apoptosis,

by proliferation of the myeloid, erythroid and/or
megakaryocytic cell lineages resulting in in-
creased numbers of granulocytes, erythrocytes
and/or platelets in the peripheral blood. The
three classical Philadelphia chromosome-
negative (Ph-) MPNs are polycythemia vera (PV),
essential thrombocythemia (ET) and primary
myelofibrosis (PMF) [1, 2].

In patients with a MPN, fibrosis and increased
vessel density correlate with poor prognosis [3,
4]. Galectins are involved in the development of
both fibrosis [5, 6] and angiogenesis [7] in other
organs, and therefore might be involved in MPN

through B-galactoside moieties on the cell sur-
face interacting with integrins, laminin and fi-
bronectin. Galectin-1 (gal-1) is involved in tu-
mour angiogenesis and since increased mi-
crovessel density (MVD) has been reported in
MPNs [8-10], gal-1 might be involved in the
regulation of angiogenesis in MPN. Increased
galectin-3 (gal-3) expression has been shown to
be involved in liver fibrosis [5, 11]. Therefore,
we studied the gal-1 and gal-3 expression in
bone marrow trephines of Ph- MPNs.

The signal transducer and activator of transcrip-
tion (STAT) proteins are activated via the JAK/
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Table 1. Clinical and laboratory findings of patients with ET, PV, PMF and the control group.

Essential throm- Polycythemia Primary mye- Control bone
bocythemia vera lofibrosis marrow
n=36 n=25 n=45 n=36
Males/females 11/25 8/17 26/19 23/13
Age, y, mean (SD) 59 (17.70) 65 (13.56) 67 (10.73) 56 (14.33)
JAK2 wild type/JAK2 mutation/ 15/19/2 2/17/6 7/20/18 36/0/0
JAK2 unknown
White blood cell count*109/L, mean 9.37 (2.89) 16.08 (12.22) 11.89 (11.38) 8.16 (4.44)
SD
fVIinzmum-maximum 4.4-18.30 5.70-62.00 0.90-70.60 2.80-23.80
Haemoglobin, mmol/L, mean (SD) 8.53 (1.26) 9.89 (1.81) 7.09 (1.58) 8.16 (1.10)
Minimum-maximum 6.10-12.00 6.70-13.50 3.30-10.60 6.10-11.10
Haematocrit L/L, mean (SD) 0.43 (0.06) 0.52 (0.09) 0.35 (0.08) 0.39 (0.05)
Minimum-maximum 0.29-0.61 0.37-0.68 0.15-0.50 0.30-0.52
Thrombocytes*109/L, mean (SD) 929 (346) 662 (316) 564 (532) 263 (137)
Minimum-maximum 327-1862 112-1371 15-2644 49-585

STAT pathway, by Janus Kinases (JAKs). A so-
matic mutation in the JAK2 gene, JAK2V617F has
been shown to be present in >95% of PV pa-
tients and in approximately 50% of ET and PMF
patients [12, 13]. The JAK2V617F mutation dis-
rupts the inhibitory function of the pseu-
dokinase domain in the JAK2 gene, resulting in
constitutively activation of JAK2 and phosphory-
lation of STATS [8-10, 14-16]. Phosphorylated
STAT5 (pSTAT5) is known to be increased in PV
patients [17, 18] and it was shown that activa-
tion of STAT3 induces up-regulation of vascular
endothelial growth factor (VEGF) [19]. There-
fore, we studied the JAK2 mutational status,
pSTAT3 and pSTAT5 expression along with MVD
in bone marrow trephines of patients with Ph-
MPNSs.

Materials and methods
Study population

The study was carried out on bone marrow tre-
phines obtained from patients recorded at the
Maastricht University Medical Centre, Maas-
tricht, between January 1992 and December
2009, recorded at the Haga Hospital, The
Hague, between January 2006 and December
2009 and recorded at the VieCuri Medical Cen-
tre, Venlo, between January 2005 and July
2010. The study was approved by the local insti-
tutional ethics committee. The study population
consisted of 106 patients with a myeloprolifera-
tive neoplasm, with a mean age of 63.6 years at
time of diagnosis (SD+14.7) ranging from 17 to
86 years. The patient population included in the
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study consisted of 36 ET (33.9%), 25 PV
(23.6%), and 45 PMF (42.5%) patients. None of
the patients received therapy when the biopsy
was taken. All patients were clinically and histo-
logical diagnosed according to the World Health
Organization (WHO) 2008 classification [20]
and independently reviewed by two patholo-
gists. Of the patients 45 (42.5%) were men and
61 (57.5%) were women. Fifty-six patients were
carriers of the JAK2V617F mutation (19 ET, 17 PV
and 20 PMF patients), 24 patients were carriers
of the JAK2 wild type (15 ET, 2 PV and 7 PMF
patients) and of 26 patients the JAK2 muta-
tional status was unknown, because of insuffi-
cient DNA to detect the JAK2 status by PCR or
because the patients died prior to the availabil-
ity of the JAK2V617F test (see Table 1). The pa-
tients were subdivided for the grading of mye-
lofibrosis (mf) into mf O/1 and mf 2/3; 43 pa-
tients belonged to the mf O/1 group (19 ET, 12
PV, 12 PMF) of which 24 were JAK2V617F positive
and 11 carried the JAK2 wild type gene and 61
belonged to the mf 2/3 group (17 ET, 12 PV, 32
PMF) of which 31 were JAK2V617F positive and
13 carried the JAK2 wild type gene.

The control group consisted of 36 morphologi-
cally normal negative staging biopsies from pa-
tients with non-Hodgkin lymphoma and Hodgkin
lymphoma with a mean age of 55.8 years.

Immunohistochemistry
The bone marrow biopsy specimens were decal-

cified using the EDTA decalcification for four
hours, followed by standard tissue processing

Am J Blood Res 2012;2(2):119-127



Galectins in myeloproliferative neoplasia

and paraffin embedding. From the paraffin-
embedded blocks 3um sections were cut for
immunohistochemical staining and mounted on
starfrost slides (Knittel Glaser, Germany). All the
antibodies were tested for specificity on positive
and negative tumour control slides and also
individually tested on decalcified control bone
marrow biopsies, resulting in a variation of im-
munohistochemical techniques, optimised for
all individual antibodies.

Antihuman galectin-1 (R&D systems, Minneapo-
lis, MN) was used at a dilution of 1:500 and
antihuman galectin-3 (R&D systems, Minneapo-
lis, MN) at a dilution of 1:50. After deparaffiniza-
tion and blocking of endogenous peroxidase
activity (0.3% H202 in methanol) antigen re-
trieval was performed by boiling in citric acid
(pH 6.0) for 10 minutes in a water bath of
100°C. After blocking with 5% bovine serum
albumin/phosphate buffered saline (BSA/PBS),
primary antibody was applied in 0.5% BSA/PBS.
Slides were then incubated with a biotin-
labelled secondary antibody (gal-1: polyclonal
swine anti-rabbit, Dako (Glostrup, Denmark) and
gal-3: rabbit anti-goat, Dako (Glostrup, Den-
mark) at a dilution of 1:200 and 1:500 respec-
tively for 30 minutes. Staining was performed
with the StrepABComplex/HRP kit (Dako, Glos-
trup, Denmark) according to the manufacturer’s
instructions. After developing the colour with
freshly made diaminobenzidine solution (Dako,
Glostrup, Denmark), slides were counterstained
with haematoxylin (Merck, Whitehouse Station,
NJ), dehydrated and mounted in Entellan
(Merck).

Immunohistochemical staining of pSTAT3 and
pSTAT5 was carried out using the antihuman
rabbit monoclonal antibody pSTAT3 (Tyr705)
and pSTATS (Tyr694) at a dilution of 1:50 and
1:200 respectively (Cell signaling Technology,
Danvers, MA). After deparaffinization and anti-
gen retrieval by boiling for 20 minutes in 1mM
Tris EDTA pH 8.0 in a warm water bath, endoge-
nous peroxidase activity was blocked in 3%
H202 in methanol. After blocking with blocking
solution (Tris Buffered Saline Tween (TBST) with
5% horse serum), primary antibody was applied
in TBST with 5% horse serum (pSTAT3) and
TBST with 1% BSA (pSTAT5) overnight. The
slides were then incubated with powervision
(Immunologic, Duiven, The Netherlands) for 40
minutes. Development of the colour and
counterstaining as described above.
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The 142 trephines (MPN patients plus control
patients) were immunohistochemically analysed
using an automated immunostainer (Dako
autostainer Link 48) with CD34 (clone QBend
10, Dako). CD34 was incubated for 20 minutes
at room temperature. The reaction was revealed
by means of the Dako Envision Flex Kit (Dako)
according to the manufacturer’s instructions.

Quantification of staining

Gal-1, gal-3, pSTAT3 and pSTAT5 staining (see
Figure 1) was quantified using an image proc-
essing and analysis system (Leica, Cambridge,
UK) linked to a Leica DML3000 light micro-
scope (Leica Quantimet, Germany). The pro-
gram used in this system was QWin (Leica’s
Windows-based image analysis tool-kit-Leica,
Cambridge, UK). The surface area of galectin
present was measured separately in cell nuclei
and in stroma. All measurements were con-
ducted at 40x magnification, in minimal three to
maximal five complete hot spot bone marrow
fields per slide, to measure total tissue, total
cytoplasmic area positive and negative staining
(gal-1 and gal-3), total nuclei positive (pSTAT3
or pSTAT5) and total nuclei count. The amount
of positivity was calculated as the percentage of
the total tissue area (gal-1 and gal-3) or the per-
centage of positive nuclear pixels related to the
total number of nuclear pixels (pSTAT3 and
pSTATS).

MVD was assessed by counting the number of
CD34 positive capillary-, arteriolar- or sinuslu-
men in five 1 mm?2 fields at 100x maghnification,
calculating the mean over these five fields.

The grading of fibrosis was done according to
the European consensus on grading of bone
marrow fibrosis [21].

To validate the data obtained at the molecular
level, we tried to isolate DNA from bone marrow
biopsies. However, the quality of the DNA was
very poor and the DNA was too fragmented to
be used.

Statistical analysis

The data were statistically evaluated using the
SPSS 15 statistical package, analyzed descrip-
tively (descriptives, explore and crosstabs). Sta-
tistical comparison was performed by Mann-
Whitney U-test when comparing medians. Differ-
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Figure 1. Examples of galectin-1, galectin-3, pSTAT3 and pSTAT5 staining. The brown colour represents the gal-1
staining in A and B, gal-3 staining in C, pSTAT3 staining in D and pSTAT5 staining in E and F. A. Galectin-1 (630x) B.
Galectin-1 (1000x) C. Galectin-3 (630x) D. pSTAT3 (630x) E. pSTAT5 (630x) F. pSTAT5 (1000x).

ences were considered significant when p-value
was less then 0.05. Pearson’s test was per-
formed for correlating the expression of gal-1
with MVD, gal-3 with MVD, pSTAT3 with MVD
and pSTAT5 with MVD.

For the analysis of pSTAT5, bone marrow of the
Haga hospital, The Hague, was withdrawn, due
to inappropriate staining of the bone marrow.
Only 30 ET patients, 16 PV and 34 PMF patients
and a total of 20 control bone marrows were
available for pSTAT5 analysis.

In some cases bone marrow tissue was lost dur-
ing the pre-treatment of the slides; for gal-1 we
report 1 missing value, for pSTAT5 6, and for
MVD 5 missing values. For the grading of mye-
lofibrosis we report 2 missing values.

Results

The results of all staining percentages are sum-
marized in Table 2 and 3. Qualitative micro-
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scopic evaluation of gal-1 staining showed its
expression mainly in the immature myeloid cell
component. A weak expression of gal-1 was
seen in the cytoplasm of the megakaryocytes,
no expression of gal-1 was seen in the erythroid
cell line. Gal-1 was expressed significantly more
in bone marrow of PMF patients compared to
the control slides (p=0.036). The mean percent-
age of gal-1 for all MPN patients together was
7.8% and 6.3% for the -control patients
(p=0.027). The expression between gal-1 and
MVD was significantly correlated (p=0.007).

Gal-3 was present in immature and mature
myeloid cells and was only weakly expressed in
megakaryocytes, endothelial cells and erythro-
poietic cells. Statistical analysis of gal-3 re-
vealed a significant difference between PV and
ET patients (p=0.019) and between PV and PMF
(p=0.044) patients, with higher gal-3 expression
in PV patients. There was no significant correla-
tion between gal-3 and MVD and no significant
difference between patients with different JAK2
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Table 3. Percentage of gal-1, gal-3, pSTAT3 and pSTAT5 in JAK2 positive and JAK2 negative patients.

JAK2 positive n=56 JAK2 negative n=24

Galectin-1, %*, mean (SD) 8.50 (4.04) 7.36 (3.58)
Minimum-maximum (Cl) 1.12-20.32 (7.41-9.59) 1.48-14.56 (5.82-8.91)
Galectin-3. %*. mean (SD) 8.93 (5.34) 7.04 (5.18)
Minimum-maximum (Cl) 0.56-23.50 (7.49-10.37) 0.55-18.69 (4.80-9.28)
pSTAT3. %*. mean (SD) 5.53 (2.80) 4.18 (1.97)
Minimum-maximum (Cl) 1.02-14.67 (4.77-6.29) 1.12-8.91 (3.33-5.03)
pSTAT5. %*. mean (SD) 4.22 (3.48) 3.04 (1.60)
Minimum-maximum (Cl) 0.26-13.71 (3.02-5.41) 0.90-6.47 (2.27-3.81)
MVD. 1 mm2. mean (SD) 52.77 (30.58) 49.01 (25.98)

Minimum-maximum (ClI) 3.60-122.40 (44.72-63.18) 17.20-111.20 (40.64-65.24)

* calculated as percentage positive area of total tissue area. # calculated as percentage positive nuclei of total nuclei count.

Table 2. Percentage of gal-1, gal-3, pSTAT3 and pSTATS in ET, PV, PMF, all MPN patients and control

patients.

Essential throm- Polycythemia Primary myelofi- All MPN Control
bocythemia vera brosis patients patients
n=36 n=25 n=45 n=106 n=36

Galectin-1, %*, 7.80 (4.37) 8.15 (4.50) 7.70 (3.35) 7.84 (3.97) 6.25 (2.65)
mean (SD)

Minimum- 1.12-20.32 0.49-12.79 3.65-14.56 0.49-20.32 3.22-15.60
maximum (Cl) (5.90-9.49) (5.69-10.09) (6.27-8.95) (6.76-8.65) (4.23-8.57)
Galectin-3, %*, 7.24 (4.82) 10.23 (5.01) 7.72 (5.90) 8.15 (5.43) 8.58 (4.51)
mean (SD)

Minimum- 0.64-18.69 0.20-19.51 0.56-23.50 0.20-23.50 2.01-18.80
maximum (Cl) (5.76-9.52) (6.53-12.75) (6.28-11.43) (7.19-9.89) (5.85-12.99)
pSTAT3, %*, 4.18 (1.96) 5.19 (4.21) 5.52 (3.29) 4.99 (3.20) 4.21(2.28)
mean (SD)

Minimum- 1.12-891 1.02-16.53 0.84-13.68 0.84-16.53 0.96-7.92
maximum (Cl) (3.17-4.94) (2.77-7.63) (3.98-6.42) (3.99-5.49) (2.67-5.17)
pSTAT5, %*, 2.91(2.18) 4.72 (3.58) 3.31(2.60) 3.46 (2.74) 3.62 (2.46)
mean (SD)

Minimum- 0.26-7.40 0.40-11.77 0.00-13.71 0.00-13.71 1.18-9.29
maximum (Cl) (2.06-3.75) (2.82-6.63) (2.41-4.22) (2.84-4.07) (2.08-4.65)
MVD, 1 mm?2, 37.72(22.18) 47.55 (27.45) 58.47 (31.56) 48.79 (28.92) 27.95 (11.25)
mean (SD)

Minimum- 3.40-89.60 5.80-111.20 12.80-122.40 3.40-122.40 5.60-57.80
maximum (Cl) (29.70-49.07) (35.77-70.80) (50.30-76.39) (44.16-59.03) (17.94-34.27)

* calculated as percentage positive area of total tissue area. # calculated as percentage positive nuclei of total nuclei count.

mutational status.

pSTAT3 was localized in immature and mature
myeloid cells and in endothelial cells. In the
evaluated bone marrow biopsy trephines, the
percentage of pSTAT3 was higher in JAK2V617F
positive patients compared to patients with wild
type JAK2 (p=0.018). There was also a signifi-
cant correlation between pSTAT3 and MVD
(p=0.000).

pSTATS was expressed in immature myeloid
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cells, the nuclei of adipocytes, some endothelial
cells and in the nuclei of megakaryocytes and
partly a weak expression in the cytoplasm of
megakaryocytes. pSTAT5 was significantly corre-
lated with the MVD (p=0.020). No statistically
significant difference but a trend was reached
between patients carrying the JAK2V617F muta-
tion and patients without the mutation as well
as in PV patients compared to ET and PMF pa-
tients.

In the total MPN group the mean MVD was sig-
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nificantly higher compared to the control group
(p=0.000) and the MVD was significantly higher
expressed in PV (p=0.006) and PMF (p=0.000)
patients compared to the control group. ET pa-
tients compared to PMF patients showed also a
statistically significant difference with a higher
MVD expression in PMF patients (p=0.003).
PMF patients showed higher MVD (58.5 ves-
sels/mm?2) than ET (37.7 vessels/mm?2) and PV
patients (47.6 vessels/mmZ2). Comparing the
JAK2VE1TF positive patients to the JAK2V617F
negative patients the MVD was not significantly
different.

Concerning the myelofibrosis grading and the
stainings we report a statistically significant
higher gal-1 (p=0.013) and gal-3 (p=0.012) ex-
pression in the mf O/1 group compared to the
mf 2/3 group. For MVD there was a higher ex-
pression of MVD in the mf 2/3 group (p=0.001)
compared to the mf 0/1 group and also the
Pearson correlation showed a significant corre-
lation of MVD with the grading of myelofibrosis
(p=0.000).

Discussion

In this study, the expression of gal-1, gal-3,
pSTAT3 and pSTATS along with the MVD in bone
marrow cells was immunohistochemically meas-
ured in ET, PV, PMF and control bone marrows.

Gal-1 is known to be involved in tumour angio-
genesis [7]. The higher expression of gal-1 and
MVD in the total group of MPN patients in our
study together with a significant correlation be-
tween gal-1 and MVD, suggests a role of gal-1 in
the increased angiogenesis in MPN patients.
These results assign a possible target for the
angiogenesis inhibitor anginex, as gal-1 was
identified as receptor for anginex. Anginex
blocks the adhesion and migration of angiogeni-
cally activated endothelial cells, leading to
apoptosis and inhibition of angiogenesis [22]. In
gal-1-null mice treatment with anginex did not
inhibit tumour growth in contrast to the wild
type mice where tumour growth and vessel den-
sity was significantly inhibited with anginex
treatment [7].

Increased expression of gal-3 has been associ-
ated with liver fibrosis secondary to diverse
types of injury [11]. However, in the mf O/1
group we saw a higher gal-3 expression com-
pared to the mf 2/3 group. Also we saw no sig-
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nificant correlation between gal-3 and MVD.
These findings contradict the relation between
increasing fibrosis, MVD and gal-3 expression in
MPN trephines. On the other hand we were able
to show higher gal-3 expression in PV patients.
Recently, it was also demonstrated that gal-3 is
predominantly expressed in Chronic Myeloid
Leukemia (CML) cells, where gal-3 expression
support the molecular signalling pathways for
maintaining CML in the bone marrow and resis-
tance to therapy [23, 24]. Therefore there are
indications that gal-3 might play a role in MPN
pathogenesis.

Constitutive activation of STAT proteins is pre-
sent in a variety of haematological disorders [25
-29]. STAT3 activation has been reported in PV
and ET and low pSTAT3 levels in PMF patients
[17, 30]. However, our study does not confirm
these results, possibly due to a relative high
amount of PMF patients and lower amounts of
PV and ET patients.

Activated STAT3 has an important role in the
regulation of megakaryopoiesis and throm-
bopoiesis in vivo, via activation of Bcl-xL inhibit-
ing apoptosis of megakaryocytes [31]. The bone
marrow of PMF patients is characterized by a
proliferation of the megakaryocytic cell line. The
megakaryocytes often demonstrate dense clus-
tering with cloud like nucleus [20]. The in-
creased megakaryocytes with deviated forms in
the bone marrow of PMF patients might be due
to the decreased megakaryocyte apoptosis as
result of increased STAT3 activation in PMF pa-
tients. The higher pSTAT3 expression in
JAK2V617F positive patients indicates an in-
creased STAT3 activation generated by the pres-
ence of the JAK2V617F mutation. In diverse can-
cer types it was shown that constitutive activa-
tion of STAT3 induces vascular endothelial
growth factor (VEGF) expression [19]. In our
study we show a correlation between pSTAT3
and MVD, indicating that the increased MVD
seen in MPN patients, especially in PMF pa-
tients, might be induced by the constitutive acti-
vation of STAT3 resulting in increased expres-
sion of VEGF.

Our finding of higher pSTAT5 expression in PV
and JAK2V61TF positive patients is in line with
earlier published data [14, 17, 32, 33]. This
indicates that the presence of the JAK2V61i7F
mutation generates increased levels of pSTATS.
However, in our study the pSTAT5 expression
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did not reach statistical significant difference
but only showed a trend between patients carry-
ing the JAK2V617F mutation and patients without
the mutation as well as in PV patients compared
to ET and PMF patients. This might be due to
the high number of patients with an unknown
JAK2 status and also to the small PV patient
population. The correlation between pSTAT5
and MVD might suggest other pathways in-
volved in the increased MVD seen in MPN pa-
tients. pSTATS can interact with p85, a regula-
tory subunit of PI3K/Akt pathway, and might
increase VEGF via the PI3K/Akt and mammal-
ian target of rapamycine (mTor) pathway as was
already shown in chronic myeloid leukaemia
(CML) [34-36].

In line with other studies[37, 38], we found the
bone marrow MVD in the total MPN group and
in PV and PMF patients to be significantly higher
compared to the control group. The increased
MVD reflects increased angiogenic activity
which might be induced by hypoxia, via hypoxia-
inducible factor (Hif) and VEGF, or by normoxia,
directly via VEGF.

Regarding the MVD and fibrosis in MPN pa-
tients, Boveri et al. [39] found a higher MVD
along with a higher grading of fibrosis, which is
line with our study. Other studies showed higher
MVD in PMF, post-ET myelofibrosis and post-PV
myelofibrosis patients compared to ET and PV
patients indicating that angiogenesis is primarily
involved in later stages of the disease [38-41].

In conclusion, the characteristic megakaryopoi-
etic abnormalities and also the higher MVD ex-
pression in PMF trephines can be explained by
a higher pSTAT3 expression in PMF patients.
Also gal-1 expression is correlated with the MVD
with anginex as potential new therapy for MPN
patients. pSTAT5 expression showed a trend of
higher expression in PV and JAK2V617F positive
patients, possible induced by the JAK2V617F mu-
tation and also gal-3 expression seems corre-
lated with PV. Further, the increased MVD ex-
pression in MPN patients with higher myelofi-
brosis grading suggests the important role of
angiogenesis in the development of myelofibro-
sis.

Based upon these data we support the concept
that the microenvironment plays an important
role in haematological malignancies [42, 43].
Interactions between stroma and haematopoi-
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etic cells in MPNs constitute possible targets for
therapy.
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partment of Pathology, Maastricht University Medical
Centre Postbus 5800, 6202 AZ Maastricht, The Neth-
erlands Tel: +31-(0)433874641; E-mail:
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