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Objectives: Arterial and venous thrombotic events are more commonly observed in patients with myeloproliferative 
diseases (MPDs). Arterial and venous thromboses are significant causes of mortality and morbidity in Philadelphia (Ph) 
chromosome-negative MPDs. The present study investigates the presence of the JAK2V617F mutation, which contrib-
utes to the early diagnosis of MPD, in patients with ischemic heart disease with a normal coronary angiography and in 
those with a venous thrombosis in an atypical location. The goal in this regard is to determine the contribution of the 
JAK2V617F mutation to the development of thrombosis in Philadelphia chromosome-negative MPDs, and to identify 
possible relationships between the JAK2 mutation and other clinical and laboratory characteristics.
Methods: The study was conducted in the Division of Hematology of the Department of Internal Medicine in the 
Trakya University Faculty of Medicine between March 2008 and August 2009. Approval for the study was granted by the 
Ethics Committee of the Trakya University Faculty of Medicine on February 21, 2008, and the study was supported by 
the Trakya University Scientific Research Projects Fund. A total of 87 subjects were included in the study. The JAK2V617F 
mutation was analyzed using a real-time PCR device and with a melting curve analysis. The demographic and medical 
data of the patients was retrieved from the medical charts. The statistical analysis was performed using SPSS 13.0 data 
analysis software.
Results: The study included 31 patients diagnosed with myeloproliferative disease, 32 patients with ischemic heart 
disease with a normal coronary angiography and four patients with a venous thrombosis in an atypical location, as well 
as 20 healthy volunteers included in the control group. The JAK2V617F mutation was identified in 24 patients (77.4%) 
with myeloproliferative disease, in one patient (3.1%) with cardiovascular disease and in two patients (50%) with a 
venous thromboembolism in an atypical location. No JAK2V617F mutation was found in the healthy control group. 
There was no difference between myeloproliferative disease subgroups in terms of history of thrombosis. No significant 
relationship was found between the presence of the JAK2V617F mutation, history of thrombosis and leukocyte count, 
or between leukocyte count and history of thrombosis (p=0.183, p=0.345, p=0.368, respectively).
Conclusion: The identification of the JAK2V617F mutation in three patients with thrombosis with no diagnosis of my-
eloproliferative disease suggests that the detection of this mutation in patients with a venous thromboembolism in an 
atypical location and in some patients with an arterial thrombosis may contribute to the early recognition of patients with 
myeloproliferative disease, and may give these patients the chance to begin the appropriate therapy. The rate of a history 
of thrombosis was higher in the JAK2V617F-positive patients, although the difference did not reach statistical significance.
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Myeloproliferative diseases (MPDs) are hematopoietic 
stem cell diseases that are characterized by a prolif-

eration of the myeloid cell line with no interruption in dif-
ferentiation or maturation. According to the classification 
of the World Health Organization (WHO), chronic myeloid 
leukemia (CML), polycythemia vera (PV), primary myelofi-
brosis (PMF) and essential thrombocytopenia (ET) are all 
chronic MPDs.[1] It is known that increased tyrosine kinase 
activity associated with the bcr-abl fusion gene that re-
sults from the t(9;22) translocation known as the Philadel-
phia (Ph) chromosome plays a role in the pathogenesis of 
CML. It was shown in 2005 that increased kinase activity 
plays a role in such Ph-negative MPDs as PV, MF and ET. A 
point mutation has been identified in the Janus kinase 2 
(JAK2) gene that results in an increased kinase activation.
[2–5] Previous studies have demonstrated the presence of 
the JAK2V617F mutation in more than 95% of cases with 
PV, and in 50–60% of cases with ET and PMF.[5-9] Janus ki-
nase 2 is a cytoplasmic tyrosine kinase that is involved in 
the signal transduction of such important growth factors 
as erythropoietin and thrombopoietin, both in normal and 
neoplastic cells.[10] A G-T transversion at nucleotide 1.849 in 
exon 14 of the JAK2 gene leads to the substitution of phe-
nylalanine for valine (V617F) at codon 617 of the JAK2 pro-
tein. This mutation results in the uncontrolled activation of 
the Janus kinase/signal transducers and the activators of 
the transcription (JAK/STAT) signaling pathway, which is 
one of the key components in cellular growth and differen-
tiation.[11] Arterial and venous thrombotic events are more 
commonly observed in patients with myeloproliferative 
diseases. Arterial and venous thromboses are important 
causes of mortality and morbidity in Ph-negative MPDs.
[12] Of the thrombotic events occurring in MPDs, 75% are 
observed in the arteries, and thrombotic occlusions of the 
arteries often affect the cerebral and coronary arteries.[13] 
Venous thromboembolism in MPDs most often manifests 
as a deep venous thrombosis and pulmonary embolism, al-
though venous thromboses in an atypical location specifi-
cally affect this group of patients. 

Coronary artery disease is one of the most frequent causes 
of death. Thrombosis associated with atherosclerosis con-
stitutes the basis of the etiopathogenesis in these patients. 
Thrombosis observed in the coronary arteries without un-
derlying atherosclerosis suggests that some may be associ-
ated with MPDs, the classical findings of which have yet to 
become apparent. The present study investigates the pres-
ence of the JAK2V617F mutation, which contributes to the 
early diagnosis of myeloproliferative diseases, in patients 
with ischemic heart disease with a normal coronary angi-
ography, and in patients with a venous thrombosis in an 
atypical location.

Methods
The study was conducted in the Division of Hematology of 
the Department of Internal Medicine in the Trakya Univer-
sity Faculty of Medicine between March 2008 and August 
2009. All patients included in the study signed a written in-
formed consent form, providing information to the patient 
about the study and documenting the patient’s granting of 
informed consent. Approval for the study was granted by 
the Ethics Committee of Trakya University Faculty of Medi-
cine on February 21, 2008 (Protocol code: TÜFTEK 2008/13). 
The study was supported by the Trakya University Scientific 
Research Projects Fund (Project No: TÜBAP 2008-51). A to-
tal of 87 subjects were included in the study, divided into 
four groups. The first group was composed of 31 patients 
with MPDs, including 12 patients with PV, 13 patients with 
ET and six patients with PMF who were followed up in the 
Division of Hematology. The second group was composed 
of 32 patients who were diagnosed with IHD, despite nor-
mal findings on a coronary angiography performed in the 
Department of Cardiology of the Trakya University Faculty 
of Medicine. The third group was composed of four patients 
who were diagnosed with a venous thrombosis in an atypi-
cal location and followed up in the Division of Hematology 
of the Department of Internal Medicine of the Trakya Univer-
sity Faculty of Medicine. Finally, 20 healthy subjects with no 
known medical condition were included as a control group 
(fourth group). The JAK2V617F mutation was analyzed us-
ing a real-time PCR device and melting curve analysis, and 
the presence of a JAK2 mutation was defined as either ho-
mozygous or heterozygous. The demographic and medical 
data of the patients was obtained from a review of medical 
files. The SPSS version 13.0 data analysis software was used 
for the statistical analysis. A p value of less than 0.05 was 
considered statistically significant in all analyses.

Results
A total of four groups were created, including a control 
group. A comparison of the groups in terms of age and 
gender showed a significant difference in age between 
the groups (p=0.014), whereas no significant difference 
was noted in gender (p=0.428). The patients with a venous 
thrombosis in an atypical location were not included in the 
statistical comparison due to their small number (Table 1).

Past medical history was remarkable for thrombosis in six 
out of 31 patients (19.4%) in the MPD group. Among the 
subgroups, the rate of thrombosis was highest in patients 
with PMF (50%). No significant difference was found be-
tween the subgroups in a statistical comparison due to 
the small number of patients (p=0.097). No statistically 
significant difference was noted among the subgroups of 
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patients with MPD in terms of smoking (p=0.28). The clini-
cal and demographic data pertaining to the subgroups of 
patients with MPD is presented in Table 2. 

Of the 32 patients (34.4%) in the cardiovascular disease 
group, 11 were smokers and 19 (59.4%) were taking acetyl-
salicylic acid. The clinical and demographic characteristics 
of the patients in the cardiovascular disease group are pre-
sented in Table 3. 

No JAK2 mutation was identified in any of the subjects in 
the control group, as expected. A heterozygous mutation 
was found in one patient (3.1%) in the CVD group. Of the 
four patients with a venous thrombosis in an atypical loca-
tion, two (50%) were heterozygous for the JAK2V617F mu-
tation. The JAK2V617F mutation was also identified in 24 of 
the 31 patients (77.4%) in the MPD group. Of these patients, 
23 patients were heterozygous and one patient with PFM 
was homozygous for the mutation. The JAK2V617F muta-
tion was identified in nine out of 12 patients with polycy-
themia vera (75%), 10 out 13 patients with ET (76.9%), and 
5 out of 6 patients with PMF (83.4%). No statistically sig-
nificant difference was noted between myeloproliferative 
disease subgroups in terms of the frequency of JAK2V617F 
mutation (p=0.922), possibly due to small number of the 
parameters (Table 4). 

A history of thrombosis was remarkable in six (19.4%) out of 
the 24 (77.4%) patients in the MPD patient group who were 
carriers of the JAK2V617F mutation. A history of throm-
bosis was unremarkable in patients with MPDs without 
JAK2V617 mutations. One patient in the PMF group who 
was homozygous for the mutation had deep vein throm-

bosis in the lower extremities, and the other two patients 
had coronary artery thrombosis – one with a thrombosis in 
the PV subgroup who had coronary artery thrombosis, and 
one in the ET group who had coronary artery thrombosis, 
while the other had cerebral artery thrombosis. One patient 
had venous and five patients had arterial thrombosis in the 
MPD group, and of the patients with arterial thrombosis, 
four had coronary and one had cerebral artery thrombosis. 
A statistical analysis of the relationship between the pres-
ence of the JAK2V617 mutation in MPD disease and a his-
tory of thrombosis showed no statistically significant rela-
tionship between the two parameters (p=0.183) (Table 5).

Table 1. Comparison of groups in terms of age and gender

		  Group 0	 Group 1	 Group 2	 Group 3	 *p
		  n=20	 n=31	 n=32	 n=4	

Age (years)	 52.0±6.90	 59.38±13.16	 53.15±7.19	 51.50±18.80	 0.014
Gender, Female (n, %)	 12 (60)	 13 (41.9)	 17 (53.1)	 3 (75)	 0.428

The results are presented as mean±SD. *All groups other than Group 3 were compared.

Table 2. Demographic and clinical characteristics of myeloproliferative disease subgroups

		  PV, n=12 (%)	 PMF, n=6 (%)	 ET, n=13 (%)	 Total, n=31 (%)	 p

Cytoreductive therapy	 9 (75)	 5 (83.3)	 13 (100)	 27 (87.1)	 *
History of thrombosis	 1 (8.3)	 3 (50)	 2 (15.4)	 6 (19.4)	 0.097
Smoking	 4 (33.3)	 0	 3 (23.1)	 7 (22.6)	 0.28
Acetylsalicylic acid	 12 (100)	 4 (66.7)	 13 (100)	 29 (93.5)	 *
Splenomegaly	 7 (58.3)	 5 (83.3)	 8 (61.5)	 20 (64.5)	 *
Hepatomegaly	 2 (16.7)	 5 (83.3)	 2 (15.4)	 9 (29)	 *
Hemoglobin (g/dl)	 16.8±2.05	 11.1±3.05	 12.7±2.06	 14.0±3.2	 *
Leukocyte (/πl)	 12.248.3±8.426.2	 32.775.00±48.201.8	 14.123.07±5.736.6	 17.007.4±22.109.3	 *
Platelet (/πl)	 446.083±251.928	 556.000±644.804	 961.692±297.877	 683.580±432.889	 *

The results of the complete blood count are presented as mean±SD. *No statistical comparison has been made.

Table 3. Demographic and clinical characteristics of patients in the 
cardiovascular disease group

		  Cardiology patients, n=32 (%)

Smoking	 11 (34.4)
Acetylsalicylic acid	 19 (59.4)
Hypertension	 11 (34.4)
Diabetus mellitus	 8 (25)
Hyperlipidemia	 1 (3.1)
Hemoglobin (g/dl)	 13.6±1.5
Leukocyte (/πl)	 8.053.1±1.715.5
Platelet (/πl)	 264.531.2±59.058.7

The results of the complete blood count are presented as mean±SD.

Table 4. Presence of JAK2V617F mutation in the myeloproliferative 
disease subgroups

		  PV	 PMF	 ET	 Total	 p
		  n=12	 n=6	 n=13	 n=31

JAK2, n (pozitive %)	 9 (75)	 5 (83.4)	 10 (76.9)	 24 (77.4)	 0.922
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An analysis of the relationship between the presence of 
JAK2V617F mutation and leukocyte count in the myelopro-
liferative disease group showed no statistically significant 
relationship between the two parameters (p=0.345). There 
was also no statistically significant relationship identified 
between leukocyte count and thrombosis in the same 
group (p=0.368).

Discussion
A heterozygous JAK2V617F mutation was identified in one 
of the 32 patients with IHD with normal coronary arteries, 
and two out of the four patients with an atypical VTE. The 
frequency of the JAK2V617F mutation was found to be 
high in Ph-negative patients with MPD, as expected. The 
primary objective of the study was to investigate the rela-
tionship between the JAK2V617F mutation and thrombo-
sis. For this reason, identification of this mutation in three 
patients with no previous diagnosis of MPD is an impor-
tant finding, suggesting that thromboembolic events may 
be associated with a yet undiagnosed MPD and that the 
identification of the JAK2V617F mutation may reveal such 
cases. Among the patients with MPD, the JAK2V617F muta-
tion was identified in nine patients with PV (75%), 10 pa-
tients with ET (76.9%) and five patients with PMF (83.4%). 
All JAK2V617F mutations were heterozygous, aside from 
in one patient in the PMF group. The frequency of the 
JAK2V617F mutation has been reported to be higher than 
95% in patients with PV and 50-60% in patients with ET and 
PMF.[5-9] The frequency of the JAK2V617F mutation among 
patients with PV in the present study was lower than ex-
pected, but higher than expected in the other two MPDs. 
The reason for this might be the insufficient number of pa-
tients included in the study.

There is a well-known predisposition to arterial and venous 
thrombosis in Philadelphia-negative MPDs.[14] Although a 
large number of mechanisms have been proposed to ex-
plain the role of Ph-negative MPDs in the pathogenesis of 
thrombosis, recent studies have suggested that leukocyte 
count and JAK2V617F allele load are related to the risk of 
thrombosis.[15] The present study evaluated the relation-
ship between leukocyte count and thrombosis, and found 
considerably higher mean leukocyte counts in six patients 

with MPD and with a history of thrombosis (32.725/µl) than 
in 25 patients with MPD without a history of thrombosis 
(13.235/µl). Despite this difference, no statistically signifi-
cant relationship was identified between leukocyte count 
and thrombosis due to the small number of patients with 
possible thrombosis. Recent studies have focused on the 
relationship between leukocyte count and JAK2 allele load 
in MPDs.[16–18] The present study evaluated the relationship 
between the JAK2V617F mutation and the leukocyte count, 
but could identify no statistically significant relationship 
due to small number of cases. The mean leukocyte count 
was higher in JAK2V617F-positive patients (18.512/µl) than 
in patients testing negative for the mutation (11.848/µl). In 
our study, the history of thrombosis was remarkable in six 
(5 had arterial and 1 had venous) out of the 24 Ph-negative 
patients with MPD who tested positive for the JAK2V617F 
mutation. However, seven JAK2V617F-negative patients 
with MPD had no history of thrombosis. This striking find-
ing, however, could not be supported statistically due to 
the small number of cases. The JAK2V617F mutation was 
identified in one out of 32 patients with IHD and in a nor-
mal coronary angiography. The clinical and laboratory find-
ings in this patient was not sufficiency to diagnose any of 
negative MPDs. In conclusion, a heterozygous JAK2V617F 
mutation was identified in one patient with ischemic heart 
disease with a normal coronary angiography, and in two 
patients with an atypical VTE and with no previous diagno-
sis of MPD. On the other hand, the frequency of JAK2V617F 
positivity was considerably high in patients with MPDs, 
as could be expected, and a history of thrombosis was re-
markable in JAK2V617F-positive patients, although not to 
a statistically significant level. Studies involving a larger se-
ries of patients are required to confirm the findings of the 
present study.

Disclosures

Ethics Committee Approval: The Ethics Committee of Trakya 
University Faculty of Medicine provided the ethics committee ap-
proval for this study (21.02.2008-04/10).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – F.Y.M., B.T. ; Design – F.Y.M.,  
B.T.; Supervision – F.Y.M., B.T.; Materials – F.Y.M., B.T.; Data collec-
tion &/or processing – F.Y.M., Ö.C.M.; Analysis and/or interpreta-
tion – F.Y.M., B.T.; Literature search – F.Y.M., Ö.C.M.; Writing – F.Y.M., 
Ö.C.M., S.I. ; Critical review – F.Y.M., M.K.E.

References
1.	 Pierre R, ımbert M, Thiele J, Vardiman JW, Brunning RD, Flan-

drin G. Chronic Myeloproliferative Diseases. In: Jaffe ES, Harris 
NL, Stein H, Vardiman JW, eds World Health Organization Clas-

Table 5. Comparison of JAK2V617F and history of thrombosis in 
the myeloproliferative disease subgroup

		  Thrombosis	 Thrombosis
		  history present,	 history absent,	 p
		  n (%)	 n (%)

JAK2V617F-positive	 6 (19.4)	 18 (58.1)	 0.183
JAK2V617F-negative	 0	 7 (22.6)



35EJMI

sification of Tumours: Pathology and Genetics of Tumours of 
Haemopoietic and Lymphoid Tissues Lyon, France: IARC Press. 
2001; 61–73.

2.	 Levine RL, Wadleigh M, Cools J, Ebert BL, Wernig G, Huntly 
BJ, et al. Activating mutation in the tyrosine kinase JAK2 in 
polycythemia vera, essential thrombocythemia, and myeloid 
metaplasia with myelofibrosis. Cancer Cell 2005;7:387–97.

3.	 Kralovics R, Passamonti F, Buser AS, Teo SS, Tiedt R, Passweg 
JR, et al. A gain-of-function mutation of JAK2 in myeloprolif-
erative disorders. N Engl J Med 2005;352:1779–90.

4.	 James C, Ugo V, Le Couédic JP, Staerk J, Delhommeau F, Lacout 
C, et al. A unique clonal JAK2 mutation leading to constitutive 
signalling causespolycythaemia vera. Nature 2005;434:1144–8.

5.	 Baxter EJ, Scott LM, Campbell PJ, East C, Fourouclas N, Swan-
ton S, et al. Cancer GenomeProject. Acquired mutation of the 
tyrosine kinase JAK2 in human myeloproliferative disorders. 
Lancet 2005;365:1054–61.

6.	 Jones AV,Kreil S, Zoi K, Waghorn K, Curtis C, Zhang L, et al. 
Widespread occurrence of the JAK2 V617F mutation in chron-
ic myeloproliferative disorders. Blood 2005;106:2162–8. 

7.	 Levine RL, Belisle C, Wadleigh M, Zahrieh D, Lee S, Chagnon P, 
et al. X-inactivation-based clonality analysis and quantitative 
JAK2V617F assessment reveal a strong association between 
clonality and JAK2V617F in PV but not ET/MMM,and identifies 
a subset of JAK2V617F-negative ET and MMM patients with 
clonal hematopoiesis. Blood 2006;107:4139–41. 

8.	 Campbell PJ, Griesshammer M, Döhner K, Döhner H, Kusec 
R, Hasselbalch HC, et al. V617F mutation in JAK2 is associ-
ated with poorer survival in idiopathic myelofibrosis. Blood 
2006;107:2098–100.

9.	 Antonioli E, Guglielmelli P, Pancrazzi A, Bogani C, Verrucci M, 
Ponziani V, et al. Clinical implications of the JAK2 V617F muta-
tion in essential thrombocythemia. Leukemia 2005;19:1847–9. 

10.	Er TK, Lin SF, Chang JG, Hsieh LL, Lin SK, Wang LH, et al. De-
tection of the JAK2 V617F missense mutation by high reso-

lution melting analysis and its validation. Clin Chim Acta 
2009;408:39–44. 

11.	Campbell PJ, Green AR. The myeloproliferative disorders. N 
Engl J Med 2006;355:2452–66.

12.	De Stefano V, Za T, Rossi E, Vannucchi AM, Ruggeri M, Elli E, 
et al. GIMEMA CMD-Working Party. Recurrent thrombosis in 
patients with polycythemia vera and essential thrombocythe-
mia: incidence, risk factors, and effect of treatments. Haema-
tologica 2008;93:372–80. 

13.	Marchioli R, Finazzi G, Landolfi R, Kutti J, Gisslinger H, Patrono 
C, et al. Vascular and neoplastic risk in a large cohort of pa-
tients with polycythemia vera. J Clin Oncol 2005;23:2224–32. 

14.	Dentali F, Squizzato A, Brivio L, Appio L, Campiotti L, Crowther 
M, Get al. JAK2V617F mutation for the early diagnosis of Ph-
myeloproliferative neoplasms in patients with venous throm-
boembolism: a meta-analysis. Blood 2009;113:5617–23.

15.	Landolfi R, Di Gennaro L, Falanga A. Thrombosis in myelopro-
liferative disorders: pathogenetic facts and speculation. Leu-
kemia 2008;22:2020–8.

16.	Campbell PJ, Scott LM, Buck G, Wheatley K, East CL, Marsden 
JT, Duffy A, et al. United Kingdom Myeloproliferative Disor-
ders Study Group; Medical Research Council Adult Leukae-
mia Working Party; Australasian Leukaemia and Lymphoma 
Group. Definition of subtypes of essential thrombocythaemia 
and relation to polycythaemia vera based on JAK2 V617F mu-
tation status: a prospective study. Lancet 2005;366:1945–53.

17.	Wolanskyj AP, Schwager SM, McClure RF, Larson DR, Tefferi A. 
Essential thrombocythemia beyond the first decade: life ex-
pectancy, long-term complication rates, and prognostic fac-
tors. Mayo Clin Proc 2006;81:159–66.

18.	Carobbio A, Finazzi G, Guerini V, Spinelli O, Delaini F, Marchioli 
R, et al. Leukocytosis is a risk factor for thrombosis in essential 
thrombocythemia:interaction with treatment, standard risk 
factors, and Jak2 mutation status. Blood 2007;109:2310–3.


