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ABSTRACT

Background:
In 30-50% of patients with venous thromboembolism (VTE), no acquired or genetic 

risk factors can be identified. Recently, a somatic gain-of-function mutation associated 

with the group of myeloproliferative disorders (MPDs) was found in the JAK2 gene. 

Previous studies demonstrated high prevalence of JAK2V617F in patients with 

splanchnic vein thrombosis. 

Objective:
To evaluate whether JAK2V617F is a risk factor for deep-vein thrombosis (DVT) of 

the leg, we determined prevalence of this mutation in unselected patients who were 

primarily evaluated for DVT.

Methods:
Presence of JAK2V617F was determined in 188 patients with objectively diagnosed 

DVT (cases) and in 200 patients in whom DVT was objectively ruled out (controls), 

using allele-specific real-time quantitative TaqMan PCR.

Results:
Of 188 cases, 180 (96%) DNA samples could be tested for presence of JAK2V617F. In 6 

samples (3.3%; 95%CI 1.5-7.0) the V617F mutation was demonstrated in 0.18% of cells 

(range 0.09%-1.03%). Of 200 controls, 197 (98.5%) DNA samples could be tested for 

presence of JAK2V617F; in none of these samples positive signals were observed. Odds 

ratio (OR) for DVT in carriers of JAK2V617F was ∞ (95%CI 1.32-∞).

Conclusion:
Our results suggest that JAK2V617F can be considered a risk factor for DVT and may 

represent the first symptom of an underlying MPD. 
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INTRODUCTION

Venous thrombosis is a common disease with an incidence of 1-3 per 1000 per year that 

is strongly age-dependent, with an incidence of up to 1% per year in elderly 1. Acquired 

(environmental) and genetic causes play an important role in the pathogenesis of 

venous thrombosis and are present in the majority of patients diagnosed with venous 

thromboembolic disease (VTE). However, in approximately 30-50% of patients with 

VTE, no acquired or genetic risk factor for thrombosis can be identified 1.

Polycythemia vera (PV) is a chronic disorder characterised by a clonal proliferation 

of hematopoietic precursors with chronic hyperproliferation of leukocytes, 

thrombocytes and most prominently erythrocytes with relatively normal maturation. 

PV belongs to the group of myeloproliferative disorders (MPDs) together with essential 

thrombocytopenia (ET) and idiopathic myelofibrosis (IMF). Thromboembolic 

complications such as transient ischemic attack, cerebral vascular accident, 

myocardial infarction or VTE, are major causes of morbidity and mortality in MPDs 
2. These complications appear to be related to leukocytosis 3,4. Moreover, in 12-49% 

of patients with PV or ET, VTE is the first presenting symptom of the underlying 

disease 2,4. Besides deep-vein thrombosis (DVT) or pulmonary embolism (PE), MPD-

related venous thrombosis characteristically concerns thrombotic occlusion of the 

cerebral veins and large intra-abdominal veins such as the hepatic veins (Budd-Chiari 

syndrome), hepatic portal vein, splenic vein or the mesenteric veins 2.

Recently, a somatic gain-of-function mutation that is associated with the group of 

MPDs was found in exon 14 of the JAK2 gene 5-9. The JAK2 gene encodes Janus-kinase-2, 

a tyrosine kinase involved in the signal transduction of several hematopoietic cytokine 

receptors. JAK2V617F represents a somatic G to T mutation at nucleotide 1849 of 

the JAK2 gene, resulting in the alteration of a valine into a phenylalanine at codon 

617 (V617F). The mutated kinase promotes cytokine-independent and erythropoietin 

(Epo) or interleukin-3 (IL-3)-hypersensitive growth of hematopoietic precursor cells 

due to loss of auto-inhibition 6-9. The JAK2V617F mutation is found in up to 97% of 

patients with PV and in 50% of patients with ET and IMF 5-9. The mutation is not 

found in DNA of non-hematopoietic tissue, showing that it is a somatic mutation of 

a hematopoietic stem cell. As JAK2V617F has also been demonstrated rarely in other 

myeloid disorders like acute (myeloid) leukemia, atypical MPDs and myelodysplastic 

syndromes (MDS) 10-12, JAK2V617F solely cannot be regarded as an unique pathogenic 

or diagnostic marker of PV or one of the other classic MPDs. Nonetheless, the mutation 

appears to be absent in the healthy population 13,14 although some reports in which 

highly sensitive PCR measurements were used contradict this 15-17.

The recent finding of the JAK2V617F mutation in up to 97% of patients with PV and 

in 50% of patients with ET or IMF has simplified the diagnosis of MPDs significantly. 
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It has provided the opportunity to diagnose these disorders in an early phase before 

the classic criteria of diagnosis are reached. Since MPD-patients are at increased risk 

for VTE, the discovery of the JAK2V617F mutation has stimulated researchers to 

focus on a possible association between the JAK2 mutation and VTE. Recent studies 

indeed demonstrated presence of the JAK2V617F mutation in patients with Budd-

Chiari syndrome 18,19. Furthermore, patients with idiopathic large abdominal vein 

thrombosis appeared to be JAK2V617F positive in 25 to 40% of the cases 20,21. Limited 

studies have assessed the prevalence of the JAK2V617F mutation in patients with 

thrombosis at others sites, such as the splanchnic and cerebral veins 22,23.

In order to evaluate whether the JAK2V617F mutation is also a risk factor for the 

most common manifestation of venous thrombo-embolic disease, i.e. DVT of the 

leg, we determined the prevalence of this mutation in unselected patients who were 

primarily evaluated for and diagnosed with DVT (cases), and compared this with 

patients in whom the diagnosis of DVT was ruled out (controls).

METHODS

Identification of patients and controls
DNA samples were obtained from a biobank retrieved from consecutive patients of 

at least 18 years of age who were referred to the Department of Vascular Medicine of 

the Academic Medical Center in Amsterdam, The Netherlands, from September 1999 

until May 2006, primarily for the suspicion of acute symptomatic DVT. Blood samples 

and medical history were taken after written informed consent and the presence 

of clinical risk factors for VTE was assessed using a structured questionnaire. We 

randomly selected 188 DNA samples of patients with objectively diagnosed DVT 

(VTE+ group, cases) and 200 DNA samples of patients without previous VTE in 

whom DVT was objectively excluded (VTE⎯ group, controls). The groups were 

matched according to age at the time of collection of the blood samples. Patients were 

selected irrespective of previous VTE and presence of acquired or genetic risk factors 

for VTE. Hematological parameters at the time of blood collection were analysed 

retrospectively using available medical records in the patient charts of the Academic 

Medical Center, Amsterdam, The Netherlands.

The criteria for DVT were either a proximal leg vein that was not compressible on 

ultrasonography or the presence of an intraluminal filling defect on venography 24. 

Proximal DVT was defined as a thrombus in either the popliteal vein, superficial 

femoral vein or common femoral vein. If compression ultrasonography showed 

no venous thrombosis and D-dimer plasma level was ≥ 0.5 mg/L, compression 

ultrasonography was repeated after seven days. DVT was ruled out in case of a Well’s 
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score ≤ 1 25 in combination with a low D-dimer plasma level (< 0.5 mg/L). DVT was 

also ruled out in case of a normal venography or a negative compression ultrasound 

in combination with a low D-dimer plasma level (< 0.5 mg/L), and after a repeated 

negative compression ultrasound. Personal data and DNA codes of patients found 

positive or negative for the presence of DVT were registered into a database. Patients 

who used low-molecular-weight heparin or vitamin K antagonists at the time of 

diagnosis were excluded.

DNA was isolated from peripheral blood and stored in refrigerated cabinets under 

anonymous codes. The collection of DNA was approved by the Medical Ethical 

Committee of the Academic Medical Center, Amsterdam, The Netherlands, for the 

prospective exploration of unknown risk factors of VTE. 

Real-Time quantitative TaqMan PCR
The presence of the JAK2V617F mutation was assessed using an allele-specific real-

time quantitative TaqMan PCR. Real-time quantitative PCR was performed on an 

ABI 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). 

After initial denaturation (20 sec at 95°C) PCR was carried out for 50 Cycles at fast 

conditions (1 sec 95°C, 20 sec 60°C). TaqMan Fast Universal Master Mix (Applied 

Biosystems, Foster City, CA, USA) was used, primers (300nM each) and probe (200nM) 

were as designed by Kröger et al 26 and purchased from Eurogentec (Liege, Belgium). 

Final concentration is 300 nM for the primers and 200 nM for the probe. DNA input 

is 100 ng. Samples were run in duplicate. As described by Quentmeier et al 27 the 

HEL-cell line (derived from a patient with AML M6) is positive for the JAK2V617F 

mutation but has an 8-fold tandem duplication of the JAK2-gen. A 10-fold dilution of 

this HEL-cell line DNA is set at 100%. Serial dilution into buffy-coat derived MNC 

from a pool of 10 healthy donors was used as standard curve (100%, 10%, 1%, 0.1% and 

0.01%) for quantification. An RQ-PCR of albumin was performed to calibrate.

DNA samples were considered positive for presence of the JAK2V617F mutation if 

they demonstrated duplicate positive signals on PCR. Samples demonstrating a single 

positive signal with Ct > 40 on PCR were considered negative for presence of the 

JAK2V617F mutation.

Statistical analysis
Statistical analyses were performed using SPSS software version 12.0.2 for Windows. 

Patient characteristics and hematological parameters are presented as medians ± 

interquartile ranges. Differences between medians of hematological parameters of 

JAK2V617F positive and JAK2V617F negative cases were compared using the non-

parametric Mann-Whitney U-test. All reported P-values are two-sided and P < 0.05 

Proefschrift.indb   103 4-1-2008   14:22:13



104

is considered significant. Odds ratios and their 95% confidence intervals (CIs) were 

calculated according to the exact method 28 using Statcalc software (EpiInfo 3.4.1, 

1993; Centers for Disease Control and Prevention, Atlanta, GA, USA).

RESULTS

Patient characteristics
Of the 188 patients with objectively diagnosed DVT (cases), 8 DNA samples did not 

yield sufficient DNA, leaving 180 (96%) that were tested for presence of the JAK2V617F 

mutation. Of the 200 patients with a clinical suspicion of VTE but in whom DVT was 

objectively excluded (controls), 3 DNA samples did not yield sufficient DNA, leaving 

197 (98.5%) that were tested for presence of the JAK2V617F mutation. The clinical 

characteristics of tested cases and controls are shown in Table 1.

In the cases, 25.6% of the patients had experienced a previous episode of VTE. Of 

the venous thromboembolic events, 54 (30.0%) occurred in patients without acquired 

or genetic risk factors. In 85 (47.2%) events, patients had a genetic risk factor for VTE 

(factor V Leiden heterozygosity (n=29), deficient protein C or S (n=4 and 2, respectively), 

hyperhomocysteinemia (n=13) or antiphospholipids syndrome (n=14), elevated factor 

VIII (n=34), other (n=7)). In 30 patients (16.7%) an acquired risk factor such as trauma, 

operation, infection or cancer (treatment) at the time of VTE diagnosis was found. In 

11 (6.1%) cases, a combination of an acquired (cancer) and a genetic risk factor was 

identified. 

Table 1 – Patient characteristics

Patients Patients VTE+ group 

(cases)

Patients VTE- group 

(controls)

Number of patients 180 197

Male, n (%) 91 (50.6) 74 (37.6)

Female, n (%) 89 (49.4) 123 (62.4)

Median age at blood collection in years (IQR) 58 (46-71) 58 (47-70)

Prior VTE, n (%) 46 (25.6) 0 (0.0)

JAK2V617F mutation, n (%) 6 (3.3) 0 (0.0)

Odds ratio for VTE in JAK2V617F mutation 

positive patients (95%CI)

∞ (1.32-∞)

VTE: venous thromboembolism; IQR: inter-quartile range.
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JAK2V617F mutation 
In 6 of the 180 (3.3%; 95%CI 1.5-7.0) patients with objectively diagnosed VTE a positive 

signal for the JAK2V617F mutation was demonstrated (Table 1). Quantitative analysis 

using the RQ-PCR albumin calibrations revealed that 0.09% to 1.03% of the evaluated 

cells were V617F mutation positive in these patients. In none of the 197 patients 

without VTE a positive signal for the JAK2V617F mutation was found. Hence, the 

presence of the JAK2V617F mutation yields an infinite odds ratio (OR) for VTE, with 

a 95%CI that was statistically significant (1.32-∞).

The median age of the JAK2V617F mutation positive patients with VTE at the time of 

blood sample collection was 67.2 years (interquartile range (IQR) 43-84) as compared 

to 57.8 years (IQR 46-71) in the JAK2V617F mutation negative patients with VTE 

(p=0.39). Four of the six JAK2V617F mutation positive patients were female (66.7%). 

None of the JAK2 mutation positive patients had experienced a previous episode 

of VTE, and in four of the six JAK2V617F positive patients DVT occurred without 

known acquired or genetic risk factors. None of the V617F positive patients fulfilled 

the diagnostic criteria of an MPD. However, hematological parameters in at least one 

of the patients who carried the JAK2V617F mutation in more than 1% of the cells 

(DNA sample ID 18039) suggest a possible underlying MPD. Medians of hematological 

parameters of the six patients who were found positive for the JAK2 mutation did 

not differ significantly from those of the JAK2 mutation negative patients with DVT 

according to the Mann-Whitney U-test and are presented in Table 2. 

DISCUSSION

In our study we observed that 3.3% of the patients with objectively diagnosed 

DVT carried the JAK2V617F mutation whereas none of these patients fulfilled the 

diagnostic criteria of an MPD. However, hematological parameters in at least one of 

the V617F positive patients suggest a possible underlying MPD. Our study therefore 

indicates that DVT may represent the first symptom of an occult myeloproliferative 

syndrome, in particular considering that the JAK2V617F mutation was not found in 

the controls of our study and can accordingly be regarded as absent in the healthy 

population. In some studies using highly sensitive quantitative allele-specific PCR 

measurements (sensitivity of 0.01%), the JAK2V617F mutation has been demonstrated 

in healthy individuals as an incidental circumstance 15-17. No conclusive agreements 

exist yet on the relevance of these findings. However, our study and others 13,14 suggest 

that demonstration of the V617F mutation could be an indication of an underlying 

developing MPD. Follow-up on healthy JAK2V617F-positive individuals should provide 

more definitive evidence on the relevance of their mutational status.
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Recently, more studies have investigated the possible association between JAK2V617F 

and DVT 29,30. Remacha et al. 30 demonstrated only 1 patient with a JAK2V617F 

mutation (0.3%) in a cohort of 295 cases of thrombosis at common localisations, 

whereas Pardanani et al. 29 recently reported 4 JAK2V617F positive patients (2%) in a 

cohort of 210 patients that were screened for thrombophilia following non-splanchnic 

VTE. The lower prevalence of the JAK2V617F mutation in the study of Remacha et al. 
as compared to our study and the study of Pardanani et al. may be explained by the 

use of a less sensitive qualitative allele-specific PCR as opposed to quantitative allele-

specific PCR.

More investigation is necessary into the mechanism of thrombosis in MPDs and the 

role of the JAK2V617F mutation in the formation of thrombosis. At this moment, no 

consensus has yet been formed whether the JAK2V617F mutation itself is associated 

with thrombosis in patients diagnosed with MPDs 4,7,31,32. Previous studies on the 

relative contribution of the JAK2V617F mutation on the risk of VTE in patients with 

ET resulted in different conclusions 4,12.

It is possible that there is a common causal pathway for the JAK2V617F mutation 

and MPDs in the development of thrombosis. If this is the case, all patients who are 

positive for JAK2V617F should develop an MPD in due course and DVT may represent 

the first symptom of the underlying MPD. On the other hand, our study demonstrated 

the JAK2V617F mutation in patients with DVT who did not fulfill diagnostic criteria 

of an MPD. Therefore, JAK2V617F could also be considered an independent risk factor 

for VTE with a frequency similar to established genetic risk factors such as protein 

Table 2 – Characteristics of patients positive for JAK2V617F mutation

DNA sample ID

1 2 3 4 5 6

Age (years) 40 83 69 43 64 85

Sex (M/F) F F M M F F

Hb (mmol/L) 8.8 9.8 7.9 10.1 9.6 NA

Ht (L/L) NA 0.51 0.37 NA NA NA

WBC (109/L) 9.4 13.6 9.6 5.5 6.7 NA

Platelets (109/L) 294 897 175 277 233 NA

V617F (% of cells) 0.24 1.03 0.12 0.09 0.12 0.87

Additional 

risk factors (Yes/No) Yes1 Yes2 No No No No

* Mann-Whitney U-test was used to calculate significance of differences in median hematological 

parameters; p < 0.05 is considered significant. 

Additional risk factors: 1trauma; 2factor V Leiden. VTE: venous thromboembolism; Hb: haemoglobin; 

Ht: haematocrit; WBC: white blood cell count; NA: not available; ND: not determined
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C and protein S deficiency 33. As an independent risk factor, it could consequently 

explain the risk of thrombosis in patients with an MPD. 

A limitation of our study is that no informed consent was obtained for active clinical 

follow-up based on research findings. Therefore, no information can be retrieved with 

respect to natural history and, in particular, the development of MPDs for the six 

JAK2V617F mutation positive patients of our study. It thus remains unclear whether 

JAK2V617F mutation positivity in our study is in fact an indication of an underlying 

developing MPD, which would consequently explain the occurrence of DVT in the six 

V617F positive patients, or whether there is an indication for the mutation to be a true 

independent risk factor for DVT. 

It is questionable whether all patients with (idiopathic) DVT should be tested for 

the JAK2V617F mutation. Screening for this mutation may be of more significance in 

patients presenting with VTE at uncommon sites such as abdominal and splanchnic 

vein thrombosis, given the high prevalence of the JAK2 mutation and MPD in these 

patients 20-23. More investigation into the relationship between the JAK2V617F 

mutation and thrombosis in patients with MPDs, as well as into the association 

between VTE and the V617F mutation in unselected patients with VTE, is necessary 

to confirm the strength of the relationship we found in this study. In this regard, 

application and consensus of precise and uniform diagnostic criteria and standardised 

PCR techniques and assay sensitivity for measurement of JAK2V617F mutant allele 

burden are needed to allow a valid interpretation of future study results.

In conclusion, JAK2V617F is a risk factor for VTE in patients presenting with 

DVT. Whether DVT represents the first symptom of an underlying MPD or is an 

independent risk factor for venous thrombosis, remains to be determined.

VTE+ group patients (cases) p-value*

JAK2 +

median (IQR)

JAK2 -

median (IQR)

67.2 (43-84) 57.8 (46-71) 0.39

2/4 89/85 ND

9.6 (8.4-10.0) 8.5 (7.7-9.1) 0.07

0.44 (0.37-0.51) 0.41 (0.38-0.44) 0.62

9.4 (6.1-11.6) 8.3 (6.8-10.7) 0.93

277 (204-596) 258 (207-322) 0.68

0.18 (0.11-0.91)

ND

2/4 123/51
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