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ABSTRACT

The identification of the JAK2V617F mutation in sev-
eral distinct myeloproliferative neoplasms (MPNs) raised 
the question how one single mutation incites expression 
of at least three different clinical phenotypes, i.e., poly-
cythemia vera (PV), essential thrombocythemia (ET) and 
primary myelofibrosis (PMF). In order to further evaluate 
already published data on the correlation between mutant 
JAK2V617F allele burden and specific hematological and 
clinical parameters, we tested the level of the JAK2 muta-
tion in 134 JAK2+ patients with different MPNs. The pa-
tients were diagnosed according to the 2008 WHO criteria 
and followed for a median of 48 months. The JAK2 V617F 
quantification was done with a real time polymerase chain 
reaction (real time-PCR) method. The median allele bur-
den was lowest in ET (25.8%), followed by 34.6% in PV 
and 51.8% in PMF patients (p<0.01). There was statisti-
cally significant association between the mutational load 
of 10.0-50.0% and blood count parameters in the PV pa-
tients (p<0.05). In PMF patients the mutational load was 
in correlation with older age and leukocyte count that 
were higher in patients with the mutational load of 10.0-
50.0% and >50.0% compared to those with a mutational 
load of <10.0%. There were no statistically significant 
associations between the allele burden and blood counts 

in the ET cohort. Our study confirmed an association be-
tween the JAK2V617F allele burden and the distinct MPN 
phenotypes, indicating unfavorable prognosis in patients 
with a higher JAK2 allele burden. Our results suggest 
that JAK2 quantification should be incorporated in the 
diagnostic work-up of MPN patients as a useful tool for 
optimal treatment decision.

Keywords: Allele burden; JAK2V617 mutation; My-
eloproliferative neoplasms (MPNs).

INTRODUCTION

Polycythemia vera (PV), essential thrombocythemia 
(ET) and primary myelofibrosis (PMF) are classical Phil-
adelphia-negative (Ph-negative) myeloproliferative neo-
plasms (MPNs) characterized by a clonal expansion of the 
abnormal hematopoietic stem/progenitor cell [1]. Their 
natural history is marked by thrombohemorrhagic episodes 
and a potential for transformation in myelofibrosis (PV and 
ET) or acute leukemia (PMF and PV). The major goal of 
therapy is prevention and/or treatment of these complica-
tions [2]. For many years, there were no specific histologi-
cal, cytogenetic, or molecular markers for these MPNs.

The discovery of the unique gain-of-function somatic 
JAK2V617F mutation in patients with myeloproliferative 
disorders changed the diagnostic landscape of MPNs [3,4]. 
The mutation was found with a frequency of >95.0% in 
PV patients and 55.0-60.0% in ET and PMF patients, and 
it was soon adopted as a molecular criterion for these 
patients. It also helped delineate the molecular pathogen-
esis as well as the biological features of positive MPN 
patients [4]. Nevertheless, the “inquiry” how one single 
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JAK2 V617F mutation incites expression of at least three 
different clinical phenotypes, i.e., PV, ET and PMF, is still 
open [5]. In the past few years, different hypotheses were 
proposed. One of them, named “the gene dosage hypoth-
esis,” postulates a counterpart between clinical manifesta-
tions and the proportion of JAK2 (V617F) mutant alleles 
introducing the concept of allele burden or “mutational 
load theory” (ratio between a mutant and wild type JAK2 
in hematopoietic cells) [5-7].

The studies that followed supported this hypothesis 
and showed that the JAK2V617F mutational load was as-
sociated with specific hematological, clinical parameters 
and different risks for thromboembolic complications [6]. 
Those results indicate that allele burden testing could be 
incorporated in the initial diagnostic work-up as additional 
parameters for patient risk stratification [7]. In order to 
further clarify these observations, we evaluated the level 
of the JAK2 mutant allele and its clinical implications in 
134 JAK2V617F+ patients with different MPNs from the 
RN Macedonia.

MATERIALS AND METHODS

A total of 134 patients with JAK2V617F+MPNs, 
namely, 17 patients with PV, 71 with ET and 46 with PMF, 
who were diagnosed and followed at the University Clinic 
of Hematology, Skopje, RN Macedonia, were included in 
the study. The diagnosis was made according to the 2008 
WHO criteria and the median follow up period was 48 
months (range 12-216). The median age of the patients at 
diagnosis was 53.5 years (range 19-88).

The presence of the JAK2V617 mutation was tested 
with a fluorescent allele-specific polymerase chain reaction 
(PCR) following procedures described in detail elsewhere 

[8]. Representative results of quantification on the JAK2 
V617F mutation level are shown in Figure 1. Each analy-
sis included four control samples with 0.3, 3.0, 23.0 and 
75.0% of the mutant allele (obtained within the Inter-Lab-
oratory Quality Control Scheme organized by the MPN& 
MPNr EuroNet in 2015) that were used for the creation of 
JAK2V617F standard curves. All samples, including the 
control samples, were analyzed in triplicate. The number 
of copies of the mutant [CN(V617F)] and the wild type 
[CN(WT)] alleles were calculated using the formulas 
CN(V617F) = –antilog [Ct(V617F)-39,662)/3.6196] and 
CN(WT) = –antilog [(Ct(WT)-37.847)/3.65], respectively, 
where the Ct (threshold cycle) value for each sample was 
the cycle in which the fluorescence of the sample crossed 
the predetermined threshold (usually set to 0.1). The final 
quantification of the amount of the mutant JAK2V617F in 
each specimen was calculated according to the following 
formula: %JAK2V617F = [CN JAK2V617F/(CNJAK2 
V617F+CN JAK2 WT)] × 100.

The quantitative results of the JAK2 mutational sta-
tus were correlated with the different MPN entities and 
the clinical and laboratory findings in each patient. The 
correlation of the allele burden with various clinical pa-
rameters was done by Mann-Whitney and Kruskal Wallis 
student’s tests using the Statgraphics 4.3 software (www.
statpoint. com).

RESULTS

In our study, allele burden quantification was per-
formed during the initial diagnostic work-up. Based on the 
amount of mutational load, the patients were divided into 
three groups: those with <10.0% mutational load, those 
with a mutational status of 10.0-50.0% and those with 

A B

Figure 1. Results from the quantitative allele specific real-time PCR experiment in patients with 56.2% (A) and 5.5% (B) JAK2V617F 
mutation levels. The white arrow marks the normal allele and the red arrow the mutant allele.
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>50.0% mutational load. Clinical and laboratory data at 
diagnosis were obtained from the patients’ charts accord-
ing to the protocol approved by the Institutional Review 
Board of the University Clinic of Hematology, Skopje, 
RN Macedonia. Our study showed that the median allele 
burden was the lowest in patients with ET (25.8%), fol-
lowed by PV patients (34.6%) and PMF patients (51.8%) 
(p <0.01) with a statistically significant difference of the 
percentage of mutant alleles between ET and PMF patients 
(p <0.00001), between PMF and PV patients (p <0.05), 
but not between ET and PV patients (p = 0.38) (Figure 2 
and Table 1).

The comparison between the clinical and hematologi-
cal findings in JAK2V617F+ET and the allele burden of 
the JAK2V617F is presented in Table 2. In the group of 
71 ET patients, 14 (19.7%), 50 patients (70.4%) and seven 
patients (9.9%) had a mutational load of <10.0, 10.0-50.0 
and >50.0%, respectively. No association was observed 
between the allele burden and the clinical and laboratory 
features in the ET group.

The clinical and hematological findings in JAK2 
V617F+ PV in association with the allele burden of the 

JAK2 V617F are presented in Table 3. In 17 patients with 
PV, four (23.5%), eight (47.1%) and five (29.4%) patients 
had mutational loads of <10.0, 10.0-50.0 and >50.0%, 
respectively (p <0.7). The comparison of the allele burden 
with hematological parameters in the PV group, revealed 
the highest platelet count in PV patients with a mutational 
load of 10.0-50.0% (578.8, range 371.9-785.8) (for overall 
comparison p <0.05), but no significant correlation was 
found in the hemoglobin (Hb) level, packed cell volume 
(PCV) and white blood cell (WBC) counts.

Table 1. The JAK2V617F allele burden in 134 patients with different types of Ph-negative MPNs. 

Diagnosis ET (n=71) PV (n=17) PMF (n=46) p Value  
(Kruskal-Wallis test)

p Valuea

ET/PMF
p Valuea

ET/PV
p Valuea

ET/PMF
JAK2V617F allele burden
Mean±SD (95% (CI)

25.54±20.82
(20.61-30.46)

34.65±27.39
(20.57-48.74)

51.83±25.49
(44.26-59.40) 0.000001 <0.0001 0.3551 0.0258

ET: essential thrombocythemia; PV: polycythemia vera; PMF: primary myelofibrosis; mean±SD: mean ± standard deviation; 95%  
CI: 95% confidence interval.
a p Values were calculated using the Mann-Whitney test (independent samples) if the p value (Kruskal-Wallis test) was <0.05.

Table 2. Clinical and hematological findings in 71 JAK2V617F+ET patients in comparison with JAK2V617F allele burden.a

Allele Burden (%) <10.0% 10.0-50.0% >50.0% p Valuea  
(Kruskal-Wallis test)

p Valueb

ET/PMF
p Valueb

ET/PV
p Valueb

ET/PMF

n (%) patients 14 (19.718) 50 (70.423) 7 (9.859)

Age 59.75±14.76
(50.38-69.13)

59.64±14.56
(55.50-63.78)

61.14±18.13
(44.37-77.91) 0.998 >0.05 >0.05 >0.05

WBC (109/L) 8.08±1.73
(6.98-9.18)

9.21±3.35
(8.26-10.16)

8.96±2.93
(6.258-11.67) 0.631 >0.05 >0.05 >0.05

RBC (1012/L) 4.43±0.64
(4.02-4.84)

4.56±0.63
(4.38-4.74)

4.84±1.07
(3.85-5.84) 0.820 >0.05 >0.05 >0.05

Hb (g/dL) 14.17±14.91
(13.23-15.12)

14.26±12.92
(13.89-14.63)

13.96±10.88
(12.98-14.99) 0.925 >0.05 >0.05 >0.05

PCV (L/L) 0.42±0.04
(0.40-0.05)

0.43±0.04
(0.42-0.04)

0.46±0.04
(0.39-0.05) 0.584 >0.05 >0.05 >0.05

Platelets (109/L) 947.33±282.28
(767.98-1126.68)

958.48±301.26
(872.86-1044.09)

861.14±225.29
(652.78-1069.50) 0.255 >0.05 >0.05 >0.05

a All values are given as mean ± SD (95% CI).
b p Values was provided using the Mann-Whitney test (independent samples) if the p value (Kruskal-Wallis test) was <0.05.

Figure 2. The mean ± SD (95% CI) of JAK2V617F allele burden 
in 134 patients with different types of Ph-negative MPNs.
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In the group of PMF patients, a higher mutational 
load was associated with older age (53.3, range 12.3-94.3, 
60.6, range 53.2-67.9, and 69.2, range 65.6-72.9, for mu-
tational load <10.0, 10.0-50.0 and >50.0%, respectively). 
The results showed that PMF patients with a mutational 
load of 10.0-50.0 and >50.0%, had a higher WBC count 
than those with a mutational load of <10.0% (12.8, range 
3.5-13.8, 17.8, range 8.3-17.2, and 8.6, range 14.1-21.7, 
respec-tively). No statistically significant difference was 
observed in the comparison of the platelet (plt) count, PCV 

and Hb levels between patients with a mutational load of 
<10.0, 10.0-50.0 and >50.0% (Table 4).

DISCUSSION

In an attempt to explain the association of the single 
mutation with three different clinical phenotypes, the gene-
dosage hypothesis postulates that the ratio between the 
mutant type and wild JAK2 type in hematopoietic cells 
influences the expression of the clinical phenotype [5-7]. As 

Table 3. Clinical and hematological findings in 17 JAK2V617F+PV patients in comparison withJAK2V617F allele burden.a

Allele Burden (%) <10.0% 10.0-50.0% >50.0% p Valuea  
(Kruskal-Wallis test)

p Valueb

ET/PMF
p Valueb

ET/PV
p Valueb

ET/PMF

n (%) patients 4 (23.53) 8 (47.06) 5 (29.41)

Age 57.00±16.22
(47.10-66.89)

58.00±18.41
(42.61-73.39)

63.80±11.39
(49.66-77.94) 0.496 >0.05 >0.05 >0.05

WBC (109/L) 111.50±5.80
(2.27-20.73)

9.14±1.72
(7.70-10.57)

8.74±3.29
(4.65-12.83) 0.867 >0.05 >0.05 >0.05

RBC (1012/L) 6.35±0.94
(4.85-7.85)

6.41±0.92
(5.64-7.17)

5.82±2.30
(2.96-8.68) 0.956 >0.05 >0.05 >0.05

Hb (g/dL) 20.25±15.26
(17.82-22.68)

18.52±21.12
(16.80-20.23)

18.26±49.34
(12.13-24.39) 0.523 >0.05 >0.05 >0.05

PCV (L/L) 0.58±0.05
(0.49-0.07)

0.56±0.38
(0.53-0.06)

0.55±0.01
(0.40-0.07) 0.921 >0.05 >0.05 >0.05

Platelets (109/L) 295.00±87.74
(155.38-434.62)

578.87±247.55
(371.92-785.84)

292.00±105.52
(160.98-423.02) 0.034 0.041 1.00 0.028

a All values are given as mean ± SD (95% CI).
b p Values was provided using the Mann-Whitney test (independent samples) if the p value (Kruskal-Wallis test) was <0.05.

Table 4. Clinical and hematological findings in 46 JAK2V617F+PMF patients in comparison with JAK2V617F allele burden.a

Allele Burden (%) <10.0% 10.0-50.0% >50.0% p Valuea  
(Kruskal-Wallis test)

p Valueb

ET/PMF
p Valueb

ET/PV
p Valueb

ET/PMF

n (%) patients 3 (6.52) 17 (36.96) 26 (65.52)

Age 53.33±16.50
(12.34-94.33)

60.59±14.31
(53.23-67.95)

69.23±9.05
(65.574-72.887) 0.052 0.427 0.078 0.048

WBC (109/L) 8.67±2.08
(3.49-13.84)

12.76±8.61
(8.34-17.19)

17.89±9.47
(14.07-21.72) 0.021 0.289 0.035 0.031

RBC (1012/L) 5.33±1.15
(2.46-8.20)

5.64±1.49
(4.88-6.41)

5.04±1.28
(4.52-5.55) 0.399 >0.05 >0.05 >0.05

Hb (g/dL) 15.03±26.27
(85.07-21.56)

16.95±32.99
(11.53-18.65)

16.18±37.00
(14.66-17.71) 0.369 >0.05 >0.05 >0.05

PCV (L/L) 0.46±0.09
(0.22-0.07)

0.52±0.10
(0.47-0.06)

0.50±0.10
(0.46-0.05) 0.373 >0.05 >0.05 >0.05

Platelets (109/L) 707.67±140.65
(358.28-1057.05)

777.71±391.21
(576.56-978.85)

781.42±251.76
(676.73-883.11) 0.950 >0.05 >0.05 >0.05

a All values are given as mean ± SD (95% CI).
b p Values was provided using the Mann-Whitney test (independent samples) if the p value (Kruskal-Wallis test) was <0.05.
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patients with MPNs often present with overlapping clinical 
signs, symptoms and morphological findings, several stud-
ies have been conducted to test this hypothesis [5-7]. They 
have shown that the JAK2 mutational load is associated 
with specific hematological and clinical parameters in dif-
ferent MPN entities [9]. It has been suggested that a mutant 
allele burden of >50.0% is associated with older age, clini-
cal signs and symptoms of PV, a more severe clinical course 
with a higher rate of thrombosis and a faster progression to 
myelofibrosis compared to a mutant allele burden <50.0% 
[9,10]. Other studies showed that the JAK2 allele burden 
could be used for stratification of patients into subgroups 
associated with different frequency of complications [9].

Although, the WHO criteria does not specify a cutoff 
value for the diagnosis of a specific MPN, the determina-
tion of the mutational load is becoming a potential diag-
nostic procedure in most molecular laboratories worldwide 
and, in addition, it may be useful in evaluating the response 
to therapy [1]. Another perspective of the evaluation of the 
allele burden is its utility as a follow-up tool during the 
treatment of JAK2V617F positive patients [9]. However, 
the specific utility of the JAK2V617F allele burden for 
measuring the MPN patients’ response to treatment is yet 
to be established [11].

In our group of patients, there was a statistically sig-
nificant difference in the percentage of the mutant allele 
between ET and PMF patients (p <0.00001) and between 
PV and PMF patients (p <0.05), but not between PV and 
ET patients (p = 0.38). These findings are consistent with 
several previous studies that showed a significantly higher 
JAK2 allele burden in PV and PMF patients in contrast 
to ET patients [9].

Several studies have discussed the JAK2 allele burden 
impact on disease transformation and its utility in predict-
ing disease transformation [9,10]. Our results showed that 
in the presence of a higher V617F allele burden, a diagnosis 
of PV and PMF should be strongly considered, because 
the burden of the mutated allele correlates with the MPN 
phenotype and a major clinical endpoint [9-11].

CONCLUSIONS

Our findings support the concept that the phenotyp-
ic presentation of the specific MPN is influenced by the 
JAK2V617F mutational load. Moreover, they are consist-
ent with the already published data that >50.0% mutational 
load of the JAK2V617F mutation could have a predictive 
value regarding the clinical course and evolution of the 
specific MPN entity. They also suggest that the implemen-
tation of the JAK2 allele burden in a routine diagnostic 
work-up of MPN patients could be a useful tool for the 
refinement of the optimal treatment option [11].
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