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Abstract In a retrospective cohort, we investigated the

presence of the JAK2V617F mutation in chronic non-cir-

rhotic portal vein thrombosis (PVT) patients, irrespective

of the presence or absence of myeloproliferative diseases

(MPDs). We identified 25 patients in whom thrombophilia

workup was completed. The diagnoses of MPDs were

made according to the World Health Organization (WHO)

criteria. JAK2V617F mutation analysis was performed by

allele-specific polymerase chain reaction (PCR). There

were 9 male and 16 female patients. Prior to JAK2V617F

analysis, there were one or more thrombophilic risk fac-

tors in 19 patients (76%). The JAK2V617F mutation

analysis revealed the presence of this mutation (all in the

heterozygote state) in six patients (24%; two male, four

female). Five of the six cases with prior clinical diagnosis

of MPDs were found to have wild-type JAK2. We found

that the addition of JAK2V617F analysis into the throm-

bophilia workup in patients with chronic PVT contributes

to a 4% increase in the diagnosis of thrombophilic

conditions.

Keywords JAK2V617F mutation � Portal vein

thrombosis � Myeloproliferative diseases

Introduction

Portal vein thrombosis (PVT) in non-cirrhotic patients is an

established risk factor for both morbidity and mortality. In

some patients, there may be a thrombophilic condition,

resulting in ‘‘primary’’ thrombosis. The clinical importance

of an underlying thrombophilic condition is based on the

observation indicating an increment of the overall mortality

by four times in the presence of thrombophilia [1]. Studies

investigating the etiology of thrombosis in the hepatic

vasculature showed that predisposing thrombophilic
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conditions were deficiencies of protein C, protein S, and

antithrombin, factor V Leiden and prothrombin 20210A

mutations, myeloproliferative diseases (MPDs), and other

less common disorders, including Behçet’s disease [2–6].

Currently, ‘‘idiopathic’’ hepatic/portal venous thrombosis

patients (i.e., those without any thrombophilic or mechanical

risk factors) constitute about 7–22% of all cases [7, 8]. In a

study by Denninger et al. [7], an underlying prothrombotic

condition was identified in 72% of PVT patients. There were

one or more prothrombotic conditions in 26 out of 36 patients

studied and primary myeloproliferative disorders were the

leading cause, with a prevalence of 30% in this study. Other

studies by Valla et al. [9–11] and De Stefano et al. [12]

reported similar findings, suggesting that myeloproliferative

disorders (overt or occult) rank first among thrombophilic

conditions leading to PVT. Valla et al. [9] proposed that

overt or latent MPDs might be responsible for thrombophilic

milieu in 48% of the patients with PVT.

PVT may lead to the masking of MPD features due to

gastrointestinal bleeding (occult or variceal) and hemodi-

lution secondary to portal hypertension and splenomegaly

(which is usually attributed solely to PVT by clinicians). In

addition, Chait et al. [13] found that the serum erythro-

poietin level might be low in PVT patients, making this test

unreliable for the diagnosis of polycythemia vera (PV) in

68% of cases. Endogenous erythroid colony (EEC) for-

mation and bone marrow biopsy were suggested to have

diagnostic value for MPDs in the setting of PVT, masking

the usual features of the hematological disorders. However,

these tests are not considered between the major diagnostic

criteria of PV in the World Health Organization (WHO)

[14] and the Polycythemia Vera Study Group (PVSG) [15]

classifications. Moreover, EEC formation is not standard-

ized, not widely available, not technically practical, and

only diagnostic in 30–80% of all cases [16, 17]. De Stefano

et al. [12] found that the classical criteria and EEC for-

mation can diagnose only 23–49% of cases of MPDs in

patients with PVT. Therefore, gastroenterologists need

more objective clues in order to suspect MPDs.

Recently, the discovery of the Janus Kinase 2 V617F

(JAK2V617F) mutation [18–21] has gained great interest in the

setting of splanchnic venous thrombosis. In this retrospective

cohort study, we aimed to investigate the presence of the

JAK2V617F mutation in patients with chronic non-cirrhotic

PVT, irrespective of the presence or absence of MPDs.

Methods

Patients

The study was conducted at the Hacettepe University

Hospital, Turkey. The Institutional Ethical Review Board

of the Hacettepe University Medical School approved the

study protocol before any laboratory observations and

retrospective data analyses were performed.

The study subjects were chronic non-cirrhotic PVT cases

who were diagnosed at our gastroenterology unit between

January 2000 and January 2006. Chronic PVT was defined

as partial or total occlusion of the portal system known for

more than 6 months or as the presence of portal vein cav-

ernous transformation. The primary diagnosis of PVT was

made by Doppler ultrasound. Conventional portal venous

angiography and non-invasive techniques, like magnetic

resonance (MR) and computed tomography (CT)-based

angiographies, were also performed (as needed) to confirm

the diagnosis. All patients with acute or sub-acute PVT

(arbitrarily defined as newly diagnosed PVT within

3 months), cirrhosis, or liver malignancy (hepatocellular

carcinoma or liver metastasis) were excluded from the study.

We screened 60 patients with chronic PVT diagnosis. The

major determinants of eligibility were the availability of

completed thrombophilia workup and the presence of DNA

samples from previous studies in our center which were

suitable for JAK2V617F mutation analysis. We identified 25

patients who had completed the thrombophilia workup and

had DNA samples available for the JAK2V617F analysis.

Thrombophilia screening tests included protein C, protein S,

antithrombin, homocysteine, and fibrinogen levels, molecular

genetic studies of methylenetetrahydrofolate reductase

(MTHFR) mutation, factor V Leiden mutation and pro-

thrombin 20210A mutation, anticardiolipin IgG and IgM

antibodies, and lupus anticoagulant. The diagnosis of anti-

phospholipid syndrome had been made by previously

described serologic and clinical criteria [22]. In our clinical

practice, MPDs are considered if a patient with PVT has

higher-than-expected blood counts and/or massive spleno-

megaly. In this retrospective cohort, MPDs had been

considered in the same situations. In order to confirm the

diagnosis of MPDs, bone marrow aspiration/biopsy, serum

erythropoietin level, total red cell mass (TRCM), and t(9; 22)

mutational analysis had been ordered depending on the clin-

ical condition. The diagnoses of MPDs were made according

to the WHO criteria. Spontaneous erythroid colony formation

to screen latent MPDs had not been tested. None of the

patients had arterial or venous thrombosis elsewhere.

Blood Tests

Blood tests for thrombophilia screening had been studied

as previously described [3, 4, 23–25].

JAK2V617F Mutation Analysis

The genomic DNA extracted from the peripheral blood of

the study samples were studied. The stored DNA samples
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were tested for the JAK2V617F mutation by allele-specific

polymerase chain reaction (PCR), and the gel detection

method (NuSieve 3:1 agarose/TBE gel) is used after

amplification (InVivoScribe Technologies, San Diego,

CA).

Statistical Analysis

The group means and ratios were compared by Mann-

Whitney’s U-test and the chi-square test (Fisher’s exact

test), respectively. Statistical significance is considered at

P-values lower than 0.05. The SPSS (Statistical Package

for Social Sciences Inc., Chicago, IL) software package

was used to carry out the statistical analyses.

Results

The data from clinical and laboratory investigations of the

patients are shown in Table 1. There were nine male and

16 female patients, with a mean age of 44.9 years (range:

24–73 years).

Previous MPD Diagnosis

There were six patients with MPDs (three patients with PV,

two patients with essential thrombocythemia, one patient

with myelofibrosis) in the PVT cohort. All of them had

been diagnosed with MPD upon investigation for PVT

prior to JAK2V617F mutation analysis.

JAK2V617F Mutation Analysis

The JAK2V617F mutation analysis revealed the presence

of this mutation (all in the heterozygote state) in six

patients (24%; two male, four female). There was only one

patient in this group whose MPD diagnosis (PV) was evi-

dent before the mutation analysis. The other five patients

had no ‘‘suspicious’’ findings to consider MPD. We

accepted these cases as ‘‘latent MPD’’ after finding the

JAK2V617F mutation as positive. Five of the six cases with

prior clinical diagnosis of MPD were found to have wild-

type JAK2.

The blood counts were not significantly different in 11

patients with (overt or latent) MPDs compared to 14

patients without MPDs.

Thrombophilia Tests

There were one or more thrombophilic risk factors in 19

patients (76%) (Table 1) detected prior to JAK2V617F

analysis. One JAK2V617F-positive case had a history of

splenectomy due to severe thrombocytopenia (platelet

count of less than 40,000/ll) before the diagnosis of PVT.

Upon investigation of the medical records, we found that

her leukocytosis and thrombocytosis had been attributed to

splenectomy and no further MPD analysis had been carried

out due to this presumption. Although PVT may be trig-

gered by splenectomy in this case, JAK2V617F-positivity

might be an underlying risk factor in this patient and,

therefore, she was not excluded from the study.

Association of the JAK2V617F Mutation with

Homozygous MTHFR C677T Polymorphism

In six JAK2V617F-positive patients, we coincidentally

found that three subjects also had homozygote MTHFR

C677T polymorphism. This genetic change was present in

only in one out of 19 cases without the JAK2V617F

mutation (p = 0.03)

Discussion

Recently, different JAK2V617F prevalence figures have

been described in PVT. In a study by Primignani et al. [26],

the prevalence was 35.6%. They also stated that the

JAK2V617F analysis was highly predictive of MPD diag-

nosis when combined with positive findings in bone

marrow. Another recent study by Colaizzo et al. [27] found

that the prevalence of the JAK2V617F mutation was 17.2%

and that none of the patients with the mutation were

positive for any other inherited thrombophilic factors. De

Stefano et al. [28] found a 42.9% prevalence of the

JAK2V617F mutation in patients with idiopathic PVT.

These differences in the prevalence of the JAK2V617F

mutation might be related to the study populations and the

patient selection bias problem.

We also evaluated the presence of the JAK2V617F

mutation in a cohort of chronic PVT patients. JAK2V617F

was present in 24% of the patients. Six patients had been

diagnosed with MPDs before the genetic analysis, and only

one of them was found to have JAK2V617F. If we elimi-

nate this case and also removed one patient who had been

considered to have postsplenectomy thrombocytosis, nei-

ther thrombocytosis ([6009103/ll) nor erythrocytosis

(defined as hemoglobin [18.5 g/dl in men, [16.5 g/dl in

women) were present in our JAK2V617F-positive patients.

Considering the latent and classical cases together, a sig-

nificant proportion (11/25, 44%) of the PVT cases had

MPDs. This is consistent with previous clinical observa-

tions indicating that MPDs are the most frequent causes of

PVT [7, 9, 12]. Our findings showed that six out of 11

patients with overt or latent MPDs had one additional

inherited risk factor, and one patient had two additional

risk factors. We found the JAK2V617F mutation in one out

2780 Dig Dis Sci (2008) 53:2778–2783
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of six patients who had no other thrombophilic risk factors.

It is obvious that the JAK2V617F mutational analysis may

help clinicians in the diagnosis of masked or latent MPDs

underlying hepatic/portal venous thromboses. However,

the sensitivity of the test is probably not satisfactory.

Additional clinical data, especially bone marrow exami-

nation, TRCM determination, and follow-up findings, are

very important in establishing the diagnosis. The impor-

tance of bone marrow biopsy findings have been

highlighted in the recent WHO classification of MPDs [14].

Generally, about 50% of patients with MPD have the

JAK2V617F mutation. However, only one out of six cases

with prior diagnosis of MPD was positive. This low sen-

sitivity might be related with DNA sample deterioration

over time or selection bias, which is very possible, due to

the retrospective nature of this study.

Another coincidental and interesting result of our study,

which has not been observed previously, is the possible

association of the JAK2V617F mutation and the MTHFR

C677T polymorphism. This original observation might be

very important due to the fact that the MTHFR polymor-

phism is important in carcinogenesis and DNA repair. The

MTHFR polymorphism and related DNA repair disorders

have been recently suggested to play a possible role in

cholangiocellular cancer [29], acute lymphoblastic

leukemia [30], and colon cancer [31]. The MTHFR poly-

morphism might also be a risk factor for the occurrence of

the clonal-acquired genetic mutation of the JAK2 gene.

In our study, we selected study patients by the presence

of previous thrombophilia workup in order to present the

complete thrombophilia risk factors. This process may

have resulted in selection bias. Because of this reason, we

also should acknowledge that the patient population we

tested was, likely, not representative of the ‘‘general’’

chronic PVT patient population. A case–control study

would have been most useful for trying to establish an

association between the JAK2V617F mutation and chronic

non-cirrhotic PVT.

The addition of routine JAK2V617F analysis into

thrombophilia workup might increase the percentage of

thrombophilia risk factors in PVT cases. In this retrospec-

tive cohort, we found that the addition of JAK2V617F

analysis in the routine screening of thrombophilia risk

factors in chronic PVT patients increases the presence of

these risk factors by 4%. In MPDs, a history of previous

thromboembolic disorders defines a higher risk for devel-

oping new vascular events. In this case, cytoreductive

therapy is advised [32, 33]. Currently, it is unknown whe-

ther this recommendation applies to latent MPDs observed

by JAK2V617F mutational analysis. Further case-controlled

studies which would determine the JAK2V617F mutation of

unselected patients with PVT are needed to clarify the

importance of this mutation for the management of PVT.
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