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Abstract   

Bone marrow histology in JAK2V617F mutated patients with myeloproliferative neoplasm 

(MPN) in essential thrombocythemia (ET) and polycythemia vera (PV) are similar and 

featured by clustered medium to large pleomorphic megakaryocytes and increased cellularity 

(60% to 90%) mainly due to increased erythropoiesis. MPL515 mutated ET or ‘True’ ET is a 

distinct clonal MPN entity with large to giant large to giant megakaryocytes and 

hyperlobulated staghorn-like nuclei in a normocellular bone marrow without features of PV or 

primary megakaryocytic, granulocytic myeloproliferation (PMGM).  Bone marrow histology 

in calreticulin (CALR) mutated hypercellular ET revealed a typical PMGM bone marrow with 

dysmorphic immature megakaryocytes and cloud-like nuclei, which are not seen in MPL515 

mutated ET and  JAK2V627F mutated ET and PV. 

Introduction 

The clinical and bone marrow histology features of “true” ET has been recognized by 

Thiele et al in 1988 and 2005 as clearly distinct from PV1,2. The peripheral blood findings in 

“true” ET are featured by high platelet counts, normal values for haemoglobin, haematocrit, 

erythrocyte, white blood cells, LAP score, LDH and no or minor splenomegaly despite 

platelet counts above  1000x109/L1. The megakaryocytes in “true” ET are larger than in PV 

(table 1)1-3. In 2002  Michiels & Thiele have defined and distinguished normocellular “true” 

ET as a distinct MPN entity different from PV and hypercellular ET associated with 

prefibrotic primary myelofibrosis (pPMF) or primary megakaryocytic granulocytic 

myeloproliferation (PMGM, table 1)3. Bone marrow histology in PV is typically featured by  

large pleomorphic  megekaryocytes  with hyperploid nuclei in a hypercellular bone marrow 

due to increased erythropoiesis or increased erythrocytic-megakaryocytic-granulocytic 

(trilinear) myeloproliferation4. Hypercellular ET associated with prefibrotic primary 

myelofibrosis (pPMF3) or primary megakaryocytic granulocytic myeloproliferation (PMGM4) 

is dominated by an increase of clustered atypical dysmorphic megakaryocytes due to 

increases of cellular and nuclear size and bulky nuclei with clumsy lobuli and irregular 

roundish shaped form (so-called cloud-like nuclei), which are never described in JAK2 

mutated ET and PV3,4.  
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Bone marrow histology in MPL515 mutated normocellular ET 

Bone marrow histology from a patient with JAK2 wild type ET carrying the MPLW515L 

mutation displayed clusters large megakaryocytes with a greater number of giant 

megakaryocytes with hyperlobulated stag-horn nuclei in a normal cellular bone marrow and 

no increase of erythropoiesis (figure 1). We recently described the essential differences in 

bone marrow histopathology features of differential diagnostic significance between patients 

with MPL515 mutated (N=12) versus JAK2V617F mutated MPN (N=12) (figure 2)4. First, The 

presence of clustered small and giant megakaryocytes with deeply lobulated stag-horn like 

nuclei (figure 1) in ET carrying the MPL515 mutation are not seen in JAK2V617F positive ET, 

prodromal PV, and classical PV  (figure 2). The pleomorphic medium to large 

megakaryocytes in JAK2V617F mutated ET and PV in bone marrow smears and bone marrow 

biopsy were similar in size and pleomorphy (figure 2). Second, there was local increase of 

erythropoiesis in areas of loose clustered pleiomorphic megakaryoctyes in normocelluar ET 

and prodromal PV (figure 2), which is not seen in MPL515 mutated ET (figure 1). Third, 

JAK2 wild type MPL515 mutated ET have no clinical, laboratory and bone marrow features of 

prodromal PV at diagnosis (table 1), do not evolve into PV during follow-up, and have normal 

LAP score, serum EPO and ferritin levels1,5. Laboratory and bone marrow  histology 

evaluations have the diagnostic potential to separate the JAK2V617F mutated ET and prodromal 

PV with increased LAP score, low serum EPO and pleomorphic megakaryocyte morphology 

from MPL515 mutated ET with normal LAP score and serum EPO and giant megakaryocytes 

with staghorn-like  nuclei similar to “true” ET (table 1)1,3,4.  

Bone marrow histology in CALR mutated JAK2 wild type ET and MF 

In six consecutive newly diagnosed CALR positive ET cases in 2014 we found consistent 

bone marrow characteristics of hypercellular ET as the presenting feature of prefibrotic and 

early fibrotic stages of PMGM. Five of these six CALR mutated ET patients presented with 

aspirin sensitive microvascular disturbances of erythromelalgic, cerebral and ocular ischemic 

manifestations (Sticky Platelet Syndrome) as the specific presenting manifestations of 

myeloproliferative thrombocythemia. Bone marrow histology in typical prefibrotic CALR ET 

(figure 3) and in early fibrotic CALR myelofibrosis (MF, figure 4) show dysmorphic 

megakaryocytes with definite abnormalities of maturation with bulky (bulbous) 

hyperchromatic nuclei and some disturbances of the nuclear cytoplasmic ratio consistent with 
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CALR mutated PMGM4, which are not seen in MPL515 mutated ET and also not in JAK2V617F 

mutated ET, prodromal PV and classical PV.  

Discussion 

In a prospective study of 59 JAK2V617F positive ET and 44 JAK2 wild ET cases, Piche 

et al6 described that JAK2V617F mutated ET patients have PV-like morphological bone marrow 

changes of medium sized to large pleomorphic megakaryocytes similar to our findings in 

newly diagnosed JAK2V617F mutated ET, prodromal PV patients and PV patients4. JAK2V617F 

positive ET and prodromal PV patients usually have low serum EPO, increased LAP score, 

and slight to moderate increased bone marrow cellularity due to increased erythropoiesis. 

Increase of bone marrow erythropoiesis, granulopoiesis and  serum LDH levels and spleen 

size are more pronounced in advanced JAK2V617F mutated ET (masked PV) at higher 

JAK2V617F mutation allele burden. Clustered large and giant megakaryocyte with 

hyperlobulated ‘staghorn’ nuclei are rare in JAK2 mutated MPN6, but typically  present in 

MPL515 mutated ET patients with no features of PV in the bone marrow consistent with the 

diagnosis of ‘True ’ET and normal blood values for serum EPO, ferritine levels and LAP 

score1,4. The prevalence of MPL515 mutated ET or MF patients ranges from 5 to 10% of the 

JAK2 wild type MPN population5,7. In the large collaborative European study of 176 MPN 

cases with the MPL515 mutations W515L and W515K were detected in 110 and in 58 

respectively8. The overall MPL mutation allele levels in granulocytes were lower (25%) in 

W515L (N=106) than in W515K (37%, N=32).  Of the 138 cases (ET, N=99; MF, N=36), the 

median W515L mutation allele levels were significantly lower (21%) in ET than those (46%) 

in MF8.  

The bone marrow findings in CALR mutated ET and MF in figures 3 and 4 are 

consistent with prefibrotic PMF or PMGM (table 1), which clearly differs from the 

pleomorphic megakaryocytes in JAK2V617F mutated ET and PV and from giant 

megakaryocytes and hyperlobulated staghorn-like nuclei in MPL515 mutated ET3,4. Recently, 

the JAK2 wild type CALR-mutated ET and MF has become the third distinct MPN entity 

without features of PV at time of diagnosis and during follow-up9,10. The finding of CALR 

mutation as the driver mutation in the majority of JAK2 wild type ET has been confirmed by 

the MPN Study Group in Belgium in 40 of 64 JAK2 wild type MPN (ET or MF);  24 of these 

64 MPN cases were JAK2/MPL/CALR triple negative (Timothy Devos and Peter 

Vandenberghe, University Hospital Leuven, Belgium, Annual Meeting of the Belgian 
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Hematology Society January 31, 2014). The blood and bone marrow features of the 40 CALR 

mutated MPN (ET and MF) and 24 JAK2/CALR triple negative MPN cases are under 

investigation and will be compared to a group of 50 previously untreated cases with 

JAK2V616F mutated ET, prodromal PV and PV.  
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Table 1 
The European Clinical and Pathological (ECP) criteria for True ET (Michiels & Thiele, 20023) 

 
 
The European Clinical and Pathological (ECP) criteria for  prefibrotic chronic idiopathic 
myelofibrosis (CIMF) or primary megakaryocytic granulocytic myeloproliferation (PMGM, 
Michiels & Thiele, 20023,4) 
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Legend to the figures 
 

Figure 1. Bone marrow histology in “True” ET (table 1) consistent with WHO normocellular ET 
carrying the MPLW515L mutation showing giant megakaryocytes with hyperlobulated stag-horn like 
nuclei charateristic for ET the MPLW515L/K mutation. Courtesy of Dr Schwarz, University Hospital 
Prague, Czech Republic. 

Figure 2. Bone marrow features of JAK2V617F heterozygous positive ET (left) and JAK2V617F 
homozygous acute onset PV (right). Contribution of Drs Michiels and De Raeve, University Hospital 
Antwerp, Belgium. 

Left. Presence of normal platelets in a peripheral blood smear (a) and normal size and morphology of 
megakaryocytes in a smear from an aspirated bone marrow (middle left) in a control person.Increase 
of platelets aggregates with the presence of large platelets in a peripheral blood smear (b) and the 
presence of large megakaryocytes with hyperlobulated nuclei (inset) in a smear of and aspirated bone 
marrow (middle right) of a case with ET featured by platelet count of 435x109/L and slight 
splenomegaly complicated by portal vein thrombosis. Bone marrow histology showing increased 
cellularity (70%, c left), due to increased erythropoiesis and pronounced increase of large pleomorphic 
megakaryocytes with hyperlobulated nuclei and no increase of bone marrow reticulin (c right) 
pathognomonic diagnostic for  heterozygous mutated JAK2V617F ET (JAK2V617F mutation load 26%). 

Right. Hypercellur bone marrow due to increased megakarypoiesis, erythropoiesis and granulopoiesis 
in a case with rapid onset trilinear JAK2V617F homozygous positive PV.  

Figure 3. Clinical case of JAK2/MPL negative and calcireticulin (CALR) positie ET who present with 
aspirin responsive platelet thrombophilia, normal vlaues for hemogobin. Hematocrit and erythrocytes, 
platelet count of 1832x10L and slight splenimrgaly (16 cm lenght diameter on echogram). Bone 
marrow histology is hypercellular with relative decrease of erythropoisis, dense cluster of immature 
megakaryocytes with hypolobulated  nuclei consistent, and no increase of reticulin fibrosis consistent 
with a typical PMGM (table 1) bone marrow. Contribution of Drs Valster and Schelfout, Lievensberg 
Hospital Bergen op Zoom, The Netherlands 

Figure 4.  Clinical case of CALR positive myelofibrosis (MF): hemoglobin 11.2 g/dL,hematocrit 0.33, 
leukocytes 9.2x109/L, platelets 347x109/L, LDH 1393 U/l, and the presence of tear drop erythrocytes, 
poikolocytosis and polychromasie in a peripheral bloodsmear, and hypercellular bone marrow with 
relative decrease of erythropoisis, dense cluster of immature megakaryocytes with hypolobulated  
nuclei consistent, and reticulin fibrosis grade 2 consistent with  bone marrow histology features similar 
to WHO-defined primary myelofibrosis (PMF), but distinct from JAK2V617F mutated ET and PV, and 
distinct from MPL515 mutated ET. Contribution of Drs Forstier and De Raeve, University Hospital, 
Brussels, Belgium 

 


