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Abstract

Background: The JAK2V617F mutation is associated with the group of Philadelphia-

chromosome negative myeloproliferative disorders (MPD), e.g. polycythemia vera and essential 

thrombocythemia. In pregnant women with MPD the risk of a first trimester miscarriage is 

increased. Women with a JAK2V617F mutation, but without MPD have an approximately five-

fold increased risk of sporadic pregnancy loss (first trimester miscarriage, second trimester 

miscarriage and stillbirth). We hypothesized that the JAK2V617F mutation plays an etiologic role 

in unexplained recurrent miscarriage. 

Methods: In a cohort of 147 women diagnosed in an academic recurrent miscarriage clinic with 

unexplained recurrent miscarriage we determined the presence of the JAK2V617F mutation, using 

allele-specific real-time quantitative TaqMan PCR.

Results: 141 DNA samples could be tested for the presence of the JAK2V617F mutation. The 

JAK2V617F mutation was not found in any of the women.

Conclusion: We concluded that JAK2V617F mutation is not a clinically relevant etiologic factor in 

unexplained recurrent miscarriage. 
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The incidence of recurrent miscarriage amongst couples trying to conceive varies between 

1 and 5%.1 In 50-60% of couples the recurrent miscarriage remains unexplained, even 

after thorough diagnostic evaluation. Therefore, the search for etiologic factors is very 

important for the couples and clinician alike. 

Polycythemia vera (PV), essential thrombocythemia (ET) and idiopathic myelofibrosis (IMF) 

belong to the group of Philadelphia-chromosome negative myeloproliferative disorders 

(MPD). Pregnant women with MPD have an increased risk for pregnancy complications. 

Women with ET have a 3.4- fold (OR 3.4, 95%CI 3.0-3.9) increased risk to experience 

pregnancy loss (first trimester miscarriage, second trimester miscarriage and stillbirth) 

as compared to the general population.2 Although the pathogenesis of the increased 

pregnancy loss is unclear, thrombotic complications, frequently observed in patients with 

PV and ET, are likely to play a role.3 

Recently, a somatic gain-of-function mutation associated with the group of MPD was 

found in exon 14 of the JAK2 gene.4 The JAK2V617F mutation is found in virtually all 

patients with PV and in half of patients with ET and IMF. 

In a large case-control study of 3496 women with pregnancy loss in the first pregnancy 

(first trimester miscarriage, second trimester miscarriage and stillbirth) the prevalence of 

the JAK2V617F mutation was significantly higher in cases than in controls with a single 

uncomplicated pregnancy, (1.1% versus 0.2%; OR 5.3 95%CI 2.4-11.9).5 In contrast to 

these findings, in a cohort of 389 women with recurrent miscarriage, no JAK2V617F 

mutations were observed (0.0%, 95% CI 0-0.009%).6 In view of these discordant data, 

we aimed to asses JAK2V617F mutation prevalence in a well defined group of women 

with unexplained recurrent miscarriage. 

We included consecutive women who consulted our recurrent miscarriage clinic 

between October 2005 and November 2007 at the Academic Medical Center, 

Amsterdam. Women were eligible if aged between 18 and 42 years and diagnosed with 

unexplained recurrent miscarriage. Recurrent miscarriage was defined as two or more 

miscarriages with an upper gestational age of 20 weeks. All women were investigated 

according to a standardized local protocol (derived from the Dutch guideline on RM).7 

Unexplained recurrent miscarriage was diagnosed in case of normal parental karyotypes 

of both partners, the absence of uterine pathology on pelvic ultrasound, absence of 

antiphospholipid syndrome (lupus anticoagulant and anticardiolipin IgG and IgM), and a 

normal fasting level of homocysteine (lower than 16 mmol/L). Participating women were 

tested for inherited thrombophilia, but the presence of factor V Leiden, the prothrombin 

20210A mutation, or deficiencies of antithrombin, protein C or S were not considered an 

explanation for recurrent miscarriage.

DNA was isolated from peripheral blood using standard procedures and stored in 

refrigerated cabinets (4°C) under anonymous codes. The collection of DNA was approved 

by the Medical Ethical Committee of the Academic Medical Center, Amsterdam, The 
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Netherlands, for the prospective exploration of unknown risk factors of RM. All women 

provided written informed consent.

The presence of the JAK2V617F mutation was assessed using an allele-specific real-time 

quantitative TaqMan PCR. Samples were run in duplicate. DNA samples were considered 

positive for presence of the JAK2V617F mutation if they demonstrated duplicate positive 

signals on PCR with cycle threshold (Ct) < 43. In this assay an allelic burden of 1% results 

in a Ct value of 35. Samples demonstrating duplicate positive signals with Ct ≥ 43 as well 

as samples demonstrating a single positive signal with Ct > 40 on PCR were considered 

negative for presence of the JAK2V617F mutation. These criteria had been established 

based on previous testing of a control cohort (n =381). Duplicate negative signals were 

obtained in 92.8% of the samples. Single positive results with Ct values > 40 were 

observed in 5.2 % (20/381, 18 of 20 of these Ct  values were >42) and duplicate Ct 

values ≥ 43 in 2%.

Our study population consisted of 147 women with unexplained recurrent miscarriage. 

Due to technical failure, DNA could not be extracted from 6 samples, leaving 141 women 

(96%) who were tested for presence of the JAK2V617F mutation. A preceding live birth 

was present in 56 (40%) of the women. 49 women (35%) experienced at least one 

or more late miscarriages (defined as more than 12 weeks of gestation) and 10 (7%) 

experienced a still birth (defined as an intrauterine death after 20 weeks of gestation). 

The clinical characteristics and diagnostic evaluation of inherited trombophilia in the 141 

women are shown in Table 1. 

We did not find the JAK2V617F mutation in the 141 women (prevalence 0.0%, 95% CI 

0.0-2.7%). In 2 women (1.4%) a duplicate signal (Ct > 43) for the JAK2V617F mutation 

was demonstrated, and in 19 women (13%) a single positive signal (Ct >40). These 

results were interpreted as negative since they did not differ significantly from the results 

obtained in normal donors (2% and 5.2%). Moreover, for the 2 women with a weak 

duplicate signal new blood samples were found to be negative upon repeated testing. 

The blood counts of all patients, including hemoglobin, hematocrit, leukocyte and 

platelet count, were within normal range.

The important strength of our cohort is that we systematically registered known risk 

factors for miscarriage, such as an increased body mass index (BMI), smoking and 

inherited thrombophilia. A limitation is the relatively small sample size of our study leading 

to an upper limit of the 95% CI of 2.7% despite a point estimate of 0% prevalence.

Our findings are consistent with the results from a cohort of 389 women with recurrent 

miscarriage in whom the JAK2V617F mutation was also non-existent (0.0%, 95% CI 

0.0-0.0%)6. Unfortunately, in that study no exhaustive list of risk factors for pregnancy 

loss was provided in 159 (41%) of the included women. In contrast to our observation, 

a large previous study found a prevalence of 1% in women with a single unexplained 

pregnancy loss.5 However, the positive test results in that study were not confirmed by 



 JAK2V617F mutation in unexplained recurrent miscarriage

41

Chapter

3

repeated analyses. In our study the two initial weak duplicate signal test results could not 

be confirmed by repeated analyses of separately collected blood samples. Also, in that 

study a nested PCR approach has been applied, which makes it impossible to discriminate 

between low signals as frequently found in control groups and real positive signals.

To date, the reproducibility of this test which may affect the prevalence of this mutation 

in patients without clinical signs of a MPD, is unknown. Furthermore, there is no 

international consensus on cut-off values for positive JAK2V617F mutation assays.8 Most 

authors state that an allelic burden of more than 1% is needed for the diagnosis of a 

MPD, since allelic burdens below that percentage have been observed in up to 1% of 

healthy individuals.9 

In view of the absence of the JAK2V617F mutation in our well defined patient group with 

unexplained recurrent miscarriage, we conclude that the JAK2V617F mutation is not a 

clinically relevant etiologic factor in unexplained recurrent miscarriage. 

Table 1. Characteristics of 141 women with unexplained recurrent miscarriage

Characteristics Women with unexplained 
recurrent miscarriage n=141

Mean age at intake in years (SD) 34.0 (4.6)

Number of preceding miscarriages, median (range) 3 (2-12)

    2 miscarriages (%) 36.9

 ≥ 3 miscarriages (%) 63.1

Mean gestational age in weeks of preceding miscarriages (SD) 8.9 (1.8)

Body mass index

   < 25 kg/m2 (%) 52.5

      25-30 kg/m2 (%) 24.1

   > 30 kg/m2 (%) 17.7

Women with PCOS (%) 2.8

Cigarette smokers (%) * 15.6

Alcohol users (%) † 7.1

Inherited thrombophilia (%) 17.0

  Factor V Leiden (%) 8.6

  Prothrombin 20210A mutation (%) 1.5

  Antithrombin deficiency (%) ‡ 0.0

  Protein C deficiency (%) § 2.2

  Protein S deficiency (%) ¶ 6.7

* defined as current smokers at intake (1 or more cigarettes a day)
† defined as alcohol use at intake (1 or more units a day)
‡ defined as antithrombin < 80 %, § defined as protein C < 70 %, ¶ defined as protein S < 65 % 
(measured at least 8 weeks after pregnancy)
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