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The incidence of JAK2 (V617F) mutation in myeloproliferative neoplasms (MPNs): polycythemia vera
(PV), essential thrombocythemia (ET) and chronic idiopathic myelofibrosis (MF) is very high, which
leads to constitution activation of JAK2 and an independent growth of the haemopoetic cell lines.

Angiogenesis in MPNs was studied by an endothelial marker (CD34) and bone marrow microves-
sel density (MVD) compared in patients with and without JAK2 (V617F) mutation.

MVD in JAK2 mutation was 16.48+8.77 (per high-power microscopy field — HPF), 12.514+5.59,
20.51£7.77 for PV, ET and MF, respectively. Patients without mutation had MDV 11.32+5.74,
12.80+5.40 and 15.00.£7.57 for PV, ET and MF, respectively. There was no difference (p>0.05) in mean
MVD in ET, while MVD was higher in PV and MF patients with J4K2 mutation (p< 0.01).

These results show pronounced angiogenesis in the bone marrow of MF and PV patients with
JAK?2 mutation. Probably it is induced by the activation of the JAK2 signaling pathway.
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Neoangiogenesis is an integral part in the progression of solid tumors and the microvas-
cular density in tumor tissue correlates well with its growth and its capacity to metastasize
(10). Increased number of bone morrow blood vessels is established in various hemato-
logic disorders, such as acute lymphoid or myeloid leukemia, myelodysplastic syndrome,
chronic myeloid leukemia and plasma cell proliferative disorders (3, 9). In normal condi-
tions, human bone marrow is supplied by a relatively smaller number of blood vessels.

Marked neoangiogenesis is a characteristic feature of myeloproliferative neo-
plasms (MPNs): polycythemia vera (PV), essential thrombocythemia (ET), and chron-
ic idiopathic myelofibrosis (MF) (3, 10). These Philadelphia-negative (Ph_) chronic
MPNs display a high frequency of JAK2 (V617F) mutation. It is an acquired somatic
mutation in the JAK2 gene resulting in a valine to phenylalanine substitution at position
617 (JAK2V617F) (7).

Currently available data indicate that JAK2 (V617F) participates in the pathogen-
esis of these neoplasms, because the mutation leads to constitution activation of JAK2
and thus haemopoetic cell lines acquire a potential for independent growth (10).
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That is why we studied angiogenesis in MPNs and compared bone marrow mi-
crovessel density (MVD) in patients with and without J4AK2 (V617F) mutation.

Materials and Methods

Forty three patiens with MPNs were investigated (21 men and 22 women, 23 to 77
years of age).

Tissue specimens

Patients were selected based on the availability of well-preserved bone marrow biopsy
specimens, suitable for additional stainings. Paraffin sections were stained with HE and
Gomori. A histopathological diagnosis of the MPNs was made in accordance to WHO
(9). Paraffin section (5 um thick) was processed by peroxidase-antiperoxidase tech-
nique. Monoclonal antibody Mo a Hu CD34 class II clone QBEnd (Dako) was used for
detection of microvessels. We counted the number of vessels per (HPF — 10 x 40) in the
areas of most dense vascularization. Five areas were evaluated from each patient. MDV
was determined as a median value of all measurings. The data are presented as the mean
and standard deviation. Statistical comparisons using analysis of variance and Student’s
t-test was performed. P<0.05 was considered statistically significant.

JAK?2 (V617F) mutation was determinate by reverse-transcribed polymerase chain
reaction (RT-PCR method).

Results

Histology

Eighteen of the patients were with PV. In bone morrow there were an increased number
of the erythroid precursors and the myeloid-erythroid ratio was usually decreased. The
megakaryocytes were pleomorphic, grouped together and had deeply lobulated nuclei
without atypical and dysplastic features.

ET was established in twelve patients. The bone morrow in ET was usually normo-
cellular for age or moderately hypercellular with an increased number of either large or
giant megakaryocytes. They showed hyperlobulated nuclei and/or appeared in clusters
or were diffusely dispersed. The megakaryocytic clusters were found around the sinu-
soids or close to the bone trabeculae. Reticulin fibrosis was minimal or lacking.

MF was found in thirteen patients. Nine of them were in the cellular phase and four
in fibrotic phase. In the cellular phase, the bone morrow was hypercellular and displayed
panmyelosis. Megakaryocytes were atypical and often appeared in clusters around the
sinusoids and/or bone trabeculac. Abnormal nuclear lobulation, naked nuclei, and large
bizarre forms were frequently observed. Micromegakaryocytes were often present. MF
patients in the fibrotic phase revealed various degrees of fibrosis and marked hypocel-
lularity. Megakaryocytes had deeply lobulated and hyperlobulated nuclei, abundant ma-
ture cytoplasm, and smooth nuclear contours.

Bone morrow microvascular dencity

MVD in JAK2 (V617F) mutation was 16.48+8.77 (10 x 40), 12.51£5.59, 20.51£7.77,
respectively for the patients with PV, ET and MF (Fig. 1). Patients without mutation
had MDV 11.32+5.74, 12.80+5.40 and 15.00.+7.57 for PV, ET and MF, respectively
(Fig.2). There was no significant difference in mean MVD in ET between the groups
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Fig 1. MPN in JAK2 positive patient with PV.

(p>0.05). MVD was higher in both PV and MF with J4K2 (V617F) mutation as com-
pared to JAK2 (V617F) negative patients (p<0.01). The microvessels had moderate to
high expression of CD34 in the cytoplasm of the endothelial cells. Scattered CD34 posi-
tive cells were also found, but the positive reaction was only in the nuclei.

Disscusion

An increased MVD in MPNs compared to controls has been already established (3, 4).
Patients with MF had the highest MVD, followed by PV and ET. In addition, an altered
vascular architecture has been established in MPNs (3). By confocal microscopy, tortu-
ous and branched microvessels were observed in both PV and MF (3).

Our quantitative results considerably extend the results of previous studies and
show a correlation between angiogenesis in bone morrow and J4K2 mutation for pa-
tients with MF and PV. MF and PV patients with J4K2 mutation had higher MVD than
JAK? negative patients. This finding in patients is confirmed by in vitro studies, which
show that angiogenesis is induced by activation of the J4K2 signaling pathway, while
vascular sprouting is inhibited by JAK2 blockade (11).

JAK?2 gene was mapped on the short arm of chromosome p24 in 1992 by Pritchard
and his colleagues (5). It has 140 kb spanning 25 exons to form 1132 aminoacid JAK2
protein (7). JAK2 mutation is implicated with mobilization of CD34-positive cells and
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Fig 2. MPN in JAK2 negative patient with PV.

MPNs progression (2). In this study endothelial cells were marked with CD34, but a
set of haematopoietic cells also were CD34 positive. MPNs are thought to originate at
the level of a primitive haematopoietic progenitor or stem cells (8). During embryogen-
esis endothelial cells and haematopoietic cells share a common cell origin (8). JAK2
mutation is found in both endothelial hepatic venule cells and haematopoietic cells in
patients with PV (8). The increased MVD in patients with JAK2 mutation indicate that
the endothelial cells are a part of the malignant transformations in MPNss.

We found that CD34 antibody visualized endothelial cytoplasm of microvessels.
The scattered CD34 positive cells showed nuclear expression. CD34 expression was
present only in the nuclei of haemopoietic stem cells with JAK2V617F mutation, while
in their differentiated progeny, it remains mostly in the cytoplasm (6). The signals that
are required for the translocation of normal and mutated JA4K2 to the nucleus remain
unknown. It has been suggested that the activation of the kinase, coding from J4K2
by phosphorylation may be the first step of several modifications which operate the
nuclear translocation and when the cell undergoes differentiation these modifications
are shut off, and mutated JAK?2 protein remains predominantly in the cytoplasm. On
the basis of these data we consider that the endothelial cells at least in part are differ-
entiated cells.

We were unable to find a change in MVD between J4K2 positive and J4K2 nega-
tive patients with ET. Our results differ from other studies, which report an increased
bone morrow angiogenesis in ET (4). According to Medinger et al. (2009) CD105 is
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more reliable marker for newly formed vessels than CD34. On the other side, this prob-
ably indicates that angiogenesis is not involved, at least during the early stages of ET.
In conclusion, the formation of blood vessels is pronounced in MF and PV in bone
marrow of patiens with JAK2 mutation. Whether this is a major oncogenic event or a
consequence of clonal haematopoietic cell proliferation remains to be clarified.

Reference

I.Ahmed, A., C. C. Chang. Chronic idiopathic myelofibrosis. Clinicopathologic features, patho-
genesis, and prognosis. — Arch. Pathol. Lab. Med. 130, 2006, 1133-1143.

2.Kralovics, R, F. Passamonti, AE. Buser, S. S. Teo, R. Tiedt,J. R. Passweg., A.
Tichelli,M.Gazzola,R.C.Skoda.A gain-of-function mutation in myeloproliferative dis-
orders. — New Eng. J. Med. 352, 2005. 1779-1790.

3. Lundberg,L.G,R.Lerner,P.Sundelin,R.Rogers,J.Folkman,J.Palmblad. Bone
marrow in polycythemia vera, chronic myelocytic leukemia, and myelofibrosis has an increased
vascularity. — Am. J. Pathol. 157, 2000, 15-19.

4.Medinger, M, R. SkodaA. Gratwohl, A. Theocharides, A. Buser, D. Heim, S.
Dirnhofer,A. Tichelli,A. Tzankov. Angiogenesis and vascular endothelial growth fac-
tor-/receptor expression in myeloproliferative neoplasms: correlation with clinical parameters and
JAK2-V617F mutational status. — British J Haematol. 146, 2009, 150-157.

5. Pritchard,M.,E.Baker,D.F.Callen,G.R.Sutherland, A. F. Wilks. Two members of
the JAK family of protein tyrosine kinases map to chromosomes 1p31.3 and 9p24. — Mammalian
Genome 3, 1992, 36-38.

6.Rinaldi,C.R,P.Rinaldi,A.Alagia,M.Gemei,N.Esposito.,F.Formiggini., V.
Martinelli, V.Senyuk.,, G. Nucifora,F. Pane. Preferential nuclear accumulation of
JAK2V617F in CD34 but not in granulocytic, megakaryocytic, or erythroid cells of patients with
Philadelphia-negative myeloproliferative neoplasia. — Blood. 116, 2010, 6023-6026.

7.Saltzman, A, M. Stone, C. Franks, G. Searfoss, R. Munro, M. Jaye, Y. Ivash-
chenko. Cloning and characterization of human Jak-2 kinase: high mRNA expression in im-
mune cells and muscle tissue. -Biochem Biophys. Res. Commun. 246, 1998, 627-633.

8. Sozer,S,M.L.Fiel, T. Schiano, M. Xu,J. Mascarenhas, R. Hossman. The present
JAK2V617F mutacion in the liver endothelial cells of patients with Budd-Chiari syndrome. —
Blood, 113, 2009, 5246-5249.

9.Steven. HS,E.Campo,N. L. Harris, E. S. Jaffe, S. A. Pileri, H. Stein. J. Thiele,
J. W. Vardiman. WHO classification of tumours of haematopoietic and lymphoid tissues. 4™
edition, 2008, 1-439.

10. Weidner, N. Tumor angiogenesis: review of current applications in tumor prognostication. — Sem-
inars Diagnostic Path. 10, 1993, 302-313.

11. Zhu, K., MAA. Amin, Y. Zha, L.A. Harlow.,, A.E. Koch. Mechanism by which H-2g, a
glucose analog of blood group Hantigen, mediates angiogenesis. — Blood 105, 2005, 2343-2349.

12.Yoon, S.Y.,, A. Tefferl, C. Yang. Bone marrow stromal cell distribution of basic fibroblast
growth factor in chronic myeloid disorders. — Haematologica 86, 2001, 52-57.

219



