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Introduction

Myeloproliferative neoplasms (MPNs) are a group 
of hematological disorders characterized by the clonal 
proliferation of myeloid cells. The Janus kinase 2 (JAK2) 
mutation, particularly of the JAK2 V617F allele, has 
emerged as a critical determinant in the classification and 
prognosis of MPNs [1]. Studies have reported that the 
JAK2 V617F mutation, a common somatic mutation in 
MPNs, is present in varying proportions of patients with 
conditions including polycythemia vera (PV), essential 
thrombocythemia (ET), and primary myelofibrosis (PMF) 
[2, 3]. The prevalence of the JAK2 V617F mutation has 
been reported to be as high as 96% in PV patients and 
approximately 55% to 65% in ET and PMF patients, 
underscoring its significance in the pathogenesis of these 
disorders. Moreover, investigations into the prevalence 
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of JAK2 mutations in different populations have revealed 
differing frequencies across ethnic groups. Studies of 
Chinese patients with chronic myeloproliferative disorders 
reported that the prevalence of JAK2 mutations was 
100% in PV, 62.4% in ET and 66.7% in PMF patients [2]. 
Similarly, research in Asian patients with ET has aimed to 
determine the prevalence of the mutated JAK2 gene and 
its impact on disease profiles [4].

Studies have shown that JAK2-mutated secondary 
myelofibrosis is associated with an extremely high mutant 
allele burden, indicating a potential link between allele 
burden and disease transformation [5]. Furthermore, the 
allele burden of JAK2 V617F has been correlated with 
hematologic parameters, clinical findings and prognosis in 
MPNs [6, 7] and is implicated in the risk of transformation 
to myelofibrosis, further emphasizing its significance in 
disease progression [8]. The allele burden of JAK2 V617F 
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was shown to influence the predisposition to specific MPN 
subtypes, differential activation of signal transducer and 
activator of transcription, and the order of other somatic 
mutations [9], as well as treatment responses and the 
differential diagnosis of Philadelphia chromosome-
negative MPNs [10, 11]. Furthermore, the JAK2 mutation 
burden has been associated with genetic instability and 
the transition to JAK2 V617F homozygosity, which 
is critical for predicting the evolution of MPNs [12]. 
Importantly, the allele burden of JAK2 V617F affected 
the disease susceptibility and survival of patients with 
primary myelofibrosis, independent of mutational status 
[13]. Additionally, the presence and allele burden of JAK2 
V617F have been investigated in the context of allogeneic 
stem cell transplantation for myelofibrosis, highlighting its 
impact on disease clearance and outcomes [14]. Studies 
on the impact of JAK2 mutations on treatment responses 
and disease monitoring have evaluated the reduction of 
the JAK2 allele burden in response to specific therapies, 
such as ruxolitinib, in patients with PV, highlighting the 
potential clinical benefits of allele burden reduction [15]. 
Monitoring the JAK2 mutation burden after treatment has 
been proposed as a valuable tool for assessing treatment 
efficacy and disease progression in MPN patients [16]. 
At present, data on the Jak2 mutation allele burden in 
Thai patients are limited. In this study, we performed 
quantitative real-time polymerase chain reaction (PCR) to 
determine the mutational status and mutated allele burden 
of JAK2 in 588 Thai patients. Additionally, we conducted 
an analysis of how the burden of the JAK2 V617F mutant 
allele influences disease phenotypes, as well as clinical 
and hematological characteristics.

Materials and Methods

Patients and Samples
Blood and bone marrow samples from suspected MPN 

patients (n = 394) defined by clinicians from various 
hospitals or organizations in Thailand were analyzed 
by the Molecular and Genomic Research Laboratory, 
Chulabhorn Learning and Research Centre, Chulabhorn 
Royal Academy for JAK2 V617F from January 2019 
to December 2023. The Ethics Committee of Human 
Research of Chulabhorn Research Institute approved 
this study (EC No. 059/2565). Total genomic DNA was 
isolated from blood samples following the protocol of the 
QIAmp® Blood mini kit (QIAGEN, Maryland, USA). 
Genomic DNA from bone marrow samples was isolated 
using the DNAZOL® Reagent (Life Technologies, MA, 
USA) following the manufacturer’s protocol. Isolated 
DNA was then quantified and qualified by A260/280 
measurements using a NanoDrop One Instrument (Thermo 
Scientific, Massachusetts, USA).

JAK2 Allele Burden Analysis
To measure the Jak2 allele burden, the ipsogen 

JAK2 RGQ PCR Kit (QIAGEN, Maryland, USA) was 
used. This analysis method uses TaqMan PCR probes 
and amplification refractory mutation system (ARMS) 
technology on a Rotor-Gene Q MDx instrument 
(QIAGEN, Maryland, USA) for the precise detection 

of the JAK2V617F mutation. The results are based on a 
threshold of a minimum of 1% mutant allele frequency. 
The kit reports the percentage of the JAK2 V617F mutant 
allele relative to the total JAK2 wildtype using quantitation 
curves. To ensure accuracy, the kit includes positive and 
negative controls for wildtype and mutant samples in 
every run, as well as an internal control in a separate 
fluorescence channel for each sample. The procedures of 
RQ-PCR are in brief as followed; preparation of master 
mix that composed of JAK2 WT Reaction Mix, Taq 
DNA polymerase and DNA samples into 0.1 mL strip 
tube with total volume of 25 μl. Mix gently by pipetting 
up and down then load to the Rotor-Gene Q instrument. 
After that, program the Rotor-Gene Q instrument with the 
thermal cycling program as followed; Mode of analysis 
is quantitation. Hold Temperature is 95°C for 10 min. 
For cycling step composed of 45 cycles with 95°C for 
15 sec., 60°C for 1 min with acquisition of FAMTM 
fluorescence in channel Green is single and acquisition 
of HEX fluorescence in channel Yellow as single. After 
that start the step of Auto-Gain Optimization settings and 
thermal cycling program as manufacturing protocol. For 
the interpretation of results, the data for the threshold cycle 
(CT) values can be exported from the qPCR instrument 
and pasted into an Excel® file for analysis.

Statistical Analysis
Associations between mutations and demographic 

data were analyzed by parametric (independent t-test 
and ANOVA) or non-parametric (Mann–Whitney and 
Wilcoxon) tests. Statistical analyses were performed 
using GraphPad Prism 10.0 (GraphPad Software, Inc., 
San Diego, CA, USA).

Results

The JAK2 allele burden was determined in 394 
blood and bone marrow samples from the patients. The 
samples were classified into four subtypes for further 
analysis, including PV, ET, PMF and Unspecified MPN. 
The classification of MPN patients is according to the 
2016 WHO classification and diagnostic criteria for 
myeloproliferative neoplasms and Guidelines for the 
Diagnosis and Management of MYELOPROLIFERATIVE 
NEOPLASMS (MPN) 2023 from The Thai Society of 
Hematology. However, in term of unspecified MPN 
patients were defined by clinicians from the other hospitals 
outside Chulabhorn Royal Academy and might be not 
classified into subtype of MPNs according to the guideline 
that mentioned above.  Table 1 and supplementary Table 1 
present the number and hematologic characteristics of the 
samples of each subtype. The mean age of each subtype is 
as follows: PV (53.00 ± 14.56 years), ET (57.33 ± 16.92 
years), PMF (65.31 ± 9.66 years) and Unspecified MPN 
(54.95 ± 17.38 years). The mean age of patients with 
PMF was significantly higher than that of the ET and 
PV patients (p < 0.05 and p < 0.0001, respectively). The 
mean white blood cell (WBC) counts of the PV group 
were significantly lower than those of the ET and PMF 
groups (p < 0.05 and p < 0.0001, respectively). The mean 
hematocrit (Hct) and hemoglobin (Hb) concentrations 
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Parameters PV ET PMF Unspecified MPN Total
Number of patients (male: female) 208 (170:38) 129 (55:74) 36 (20:16) 21 (12:9) 394 (257:137)
Age (year, mean ± SD) 53.00 ± 14.56 57.33 ± 16.92 65.31 ± 9.66 54.95 ± 17.38 55.64 ± 15.55
WBC (10 × 9/L, mean ± SD) 10.62 ± 5.93 15.38 ± 16.85 23.29 ± 21.9 16.97 ± 17.24 13.80 ± 13.56
Hb (g/dL, mean ± SD) 17.46 ± 2.37 11.84 ± 2.18 10.40 ± 9.89 11.76 ± 4.25 14.69 ± 4.69
Hct (%, mean ± SD) 53.53 ± 7.31 36.76 ± 6.49 27.07 ± 7.98 37.32 ± 13.60 44.93 ± 12.19
Plt (10 × 9/L, mean ± SD) 340.8 ± 284.1 904.3 ± 467.5 320.8 ± 331.2 701.6 ± 1,097.73 547.2 ± 507.8
Residue of JAK2-V617F (%, mean ± SD) 47.38 ± 28.78 21.12 ± 16.34 52.43 ± 34.74 51.81 ± 25.63 35.47 ± 27.29
N of JAK2 V617F-positive (%) 51 (24.5) 62 (48.1) 8 (22.2) 9 (42.8) 130 (32.9)

Table 1. Hematologic Characteristics According to Myeloproliferative Neoplasm Subtype

PV, polycythemia vera; ET, essential thrombocythemia; Plt, platelet; PMF, primary myelofibrosis; MPN, myeloproliferative neoplasm; WBC, white 
blood cells; Hct, hematocrit; Hb, hemoglobin; SD, standard deviation.

were significantly different by disease subgroup, with 
PV patients exhibiting the highest values, followed by 
ET and PMF patients, in that order (p < 0.001). The 
Unspecified MPN subtypes had significantly lower Hct 
concentrations than the PV and PMF subtypes (p < 0.01 
and p < 0.05, respectively). The hematologic parameters 
of the Unspecified MPN group were similar to those of the 
ET group. The mean platelet (Plt) counts were highest in 
ET patients (p < 0.001; compared with the PV and PMF 
groups) and did not differ significantly between PV and 
PMF patients. The JAK2 V617F mutation was detected 
in 130 of 394 patients (32.9%). Subtype-specific JAK2 
V617F detection rates were 48.1% for ET, 24.5% for PV, 
22.2% for PMF and 42.8% for Unspecified MPN patients. 
Table 2 presents a comparison of hematologic data from 
JAK2 V617F-positive and JAK2 V617F-negative patients 
in the disease subgroups. No significant differences were 
detected in the WBC, Hb and Hct between the disease 
subgroups. In contrast, the JAK2 V617F-positive PV and 
ET subtypes had a significantly higher mean age than 
the JAK2 V617F-negative patients (p = 0.0002 and p = 
0.029, respectively). Moreover, the Plt counts in JAK2 
V617F-positive PV, Unspecified MPN and All groups 
were significantly higher than those in JAK2 V617F-
negative patients (p < 0.0001, p = 0.0006 and p < 0.0001, 
respectively).

JAK2 V617F allele burdens were measured for 130 of 
the 394 patients in the study population. This corresponded 
to 51 PV patients, 62 ET patients, 8 PMF patients and 9 
Unspecified MPN patients (Table 1). The PMF subgroup 
had the highest mean JAK2 V617F allele burden (52.43 
± 34.74) compared with Unspecified MPN (51.81 ± 
25.63), PV (47.38 ± 28.78) and ET patients (21.12 ± 
16.34) (p < 0.0001). To examine the relationship between 
hematologic parameters and JAK2 V617F allele burden, 
PV, ET and PMF patients were stratified by JAK2 V617F 
allele burden as follows: < 25%, 26%–50%, 51%–75%, or 
76%–100% (Table 3). The patients were most frequently 
classified into the < 25% allele group, and this was only 
significantly different compared with the ET group (p < 
0.0001). No significant differences were detected when 
comparing the mean age and Hb concentration among the 
four allele groups for each disease subgroup. Moreover, 
many characteristics tended to increase in severity, with 
incremental increases in the JAK2 V617F allele burden 
in each disease subgroup. PV patients especially had a 

significant increase in WBC counts and Hct related to 
incremental increases in the JAK2 V617F allele burden (p 
< 0.0001). When hematologic parameters were compared 
across all JAK2 V617F-positive patients stratified by allele 
burden subtype, the WBC, Hb and Hct were significantly 
different between each allele group (p = 0.072, p = 0.022 
and p = 0.0007, respectively).

Discussion

The JAK2 V617F mutation is a critical genetic 
alteration associated with MPNs, and its prevalence varies 
significantly across different geographical regions and 
populations. This mutation is particularly prevalent in 
patients with PV, where studies have reported frequencies 
exceeding 90% in various cohorts [17, 18]. In contrast, 
the prevalence of the JAK2 V617F mutation in ET and 
PMF is notably lower, with estimates ranging from 50% 
to 60% [18]. We analyzed 394 samples for JAK2 V617F 
status and allele burden using a commercially available 
JAK2 RGQ PCR kit that uses TaqMan PCR probes and 
ARMS technology. Of the 394 samples, 130 (32.9%) were 
confirmed as positive with the highest mutation frequency 
in the ET group (48.1%), followed by Unspecified 
MPN (42.8%), PV (24.5%) and PMF (22.2%). Our data 
showed a lower mutation frequency in our population 
compared with previous reports. The difference in our 
data compared with previous studies may be related to 
our samples being collected from abnormal myeloid 
proliferative patients with no data to confirm them as 
Philadelphia (Ph) negative, whereas most previous reports 
analyzed in Ph negative patients [10, 19, 20]. Geographical 
differences also play a significant role in the prevalence 
of the JAK2 V617F mutation. For example, a study of 
Korean patients indicated a higher frequency of JAK2 
exon 12 mutations compared with Western populations, 
suggesting ethnic variations in mutation profiles [21]. 
Similarly, Chinese patients with PV had a lower frequency 
of the JAK2 V617F mutation (approximately 82%), but 
a higher prevalence of exon 12 mutations (around 13%) 
than typically observed in Western cohorts [22]. These 
findings highlight the importance of considering ethnic 
and regional factors when assessing the prevalence of 
JAK2 mutations. According to disease subtypes, we found 
the significance differences of hematological parameters 
including Hb, Hct, WBC and Platelet counts. We found 
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Param
eters

PV
ET

PM
F

U
nspecified M

PN
A

ll groups

JAK2 V617F-positive

JAK2 V617F-negative

p value

JAK2 V617F-positive

JAK2 V617F-negative

p value

JAK2 V617F-positive

JAK2 V617F-negative

p value

JAK2 V617F-positive

JAK2 V617F-negative

p value

JAK2 V617F-positive

JAK2 V617F-negative

p value

N
 of patients (%

)
51 (24.5)

157 (75.5)
62 (48.1)

67 (51.9)
8 (22.2)

28 (77.8)
9 (42.8)

12 (57.2)
130 (33.0)

264 (67.0)

M
ale: Fem

ale
30:21:00

140:17:00
28:34:00

27:40:00
5:03

15:13
4:05

8:04
67:63

190:74

A
ge (year, m

ean 
± SD

)
61.10 ± 11.47

50.36 ± 14.51
0.0002

61.60 ± 16.43
53.39 ± 16.52

0.029
65.95 ± 9.0

65.18 ± 9.99
ns

67.44 ± 12.13
45.58 ± 14.80

0.015
62.06 ± 13.98

52.48 ± 15.33
< 0.0001

W
B

C
 (10 × 9/L, 

m
ean ± SD

)
15.14 ± 7.52

9.09 ± 4.35
ns

17.26 ± 21.0
13.59 ± 11.50

ns
34.85 ± 32.89

19.91 ± 17.05
ns

29.41 ± 21.48
12.37 ± 8.32

0.048
12.36 ± 13.23

18.69 ± 18.29
0.0001

H
b (g/dL, m

ean 
± SD

)
17.64 ± 2.61

17.41 ± 2.28
ns

12.31 ± 2.02
11.40 ± 2.25

ns
9.28 ± 2.07

10.68 ± 11.04
ns

12.19 ± 3.87
11.44 ± 4.65

ns
14.26 ± 3.70

14.91 ± 5.11
ns

H
ct (%

, m
ean 

± SD
)

56.12 ± 7.61
52.67 ± 7.02

ns
38.28 ± 6.09

35.23 ± 6.58
ns

29.54 ± 6.77
26.35 ± 8.29

ns
41.23 ± 13.14

35.04 ± 13.9
ns

45.06 ± 11.74
44.86 ± 12.43

ns

Plt (10 × 9/L, 
m

ean ± SD
)

617.6 ± 357.8
246.0 ± 172.7

< 
0.0001

920.2 ± 491.5
888.9 ± 446.6

ns
315.9 ± 283.3

322.2 ± 349.4
ns

1,136.49 ± 
1513.07

345.8 ± 385.5
0.0006

783.3 ± 597.8
424.3 ± 403.7

< 0.0001

R
esidue of 

JAK
2-V

617F (%
, 

m
ean ± SD

)*

47.38 ± 28.78
N

A
21.12 ± 16.34

N
A

52.43 ± 34.74
N

A
51.81 ± 25.63

N
A

36.85 ± 28.06
N

A

Table 2. H
em

atologic C
haracteristics A

ccording to Janus kinase 2 (JAK
2) M

utation Status

PV, polycythem
ia vera; ET, essential throm

bocythem
ia; Plt, platelet; PM

F, prim
ary m

yelofibrosis; M
PN

, m
yeloproliferative neoplasm

; W
B

C
, w

hite blood cells; H
ct, hem

atocrit; H
b, hem

oglobin; SD
, standard deviation. *O

ne-w
ay 

A
N

O
VA

 com
pared PV, ET, PM

F and U
nspecified M

PN
, p < 0.0001. 
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G
roup of allele burden

PV
 (N

 = 51)
p value

ET (N
 = 62)

p value
PM

F (N
 = 8)

p value
U

nspecified M
PN

 (N
 = 9)

p value
Total (N

 = 130)
p value

N
 of patients (%

)

     < 25%
15 (29.4%

)
43 (69.4%

)
< 0.0001* 

2 (25%
)

1 (11.1%
)

61 (46.9%
)

     26–50%
13 (25.5%

)
15 (24.2%

)
2 (25%

)
4 (44.4%

)
34 (26.2%

)

     51–75%
12 (23.5%

)
3 (4.8%

)
1 (12.5%

)
1 (11.1%

)
17 (13.1%

)

     76–100%
11 (21.6%

)
1 (1.6%

)
3 (37.5%

)
3 (33.4%

)
18 (13.8%

)

A
ge (year, m

ean ±SD
)

     < 25%
55.07 ± 9.93

ns
60 ± 17.69

ns
59.5 ± 9.19

n/a
58

ns
58.74 ± 15.75

ns

     26–50%
62.08 ±1 3.65

65.87 ± 13.66
64.90 ± 9.90

73.75 ± 8.88
65.24 ± 13.04

     51–75%
64.83 ± 9.84

59.33 ± 9.61
75

66
64.53 ± 9.50

     76–100%
64.09 ± 10.34

73
68 ± 10

62.67 ± 17.2
65.00 ± 10.86

W
B

C
 (10 × 9/L, m

ean ± SD
)

     < 25%
9.32 ± 4.43

< 0.0001
17.11 ± 24.23

ns
52.54 ± 61.91

n/a
12.8

ns
16.29 ± 23.16

0.0272

     26–50%
13.04 ± 3.22

17.21 ± 8.27
6.1

25.93 ± 7.44
16.23 ± 7.60

     51–75%
16.66 ± 4.32

14.74 ± 12.26
14.18

17.4
16.16 ± 5.87

     76–100%
24.17 ± 8.13

32
39.54 ± 18.85

43.62 ± 35
30.41 ± 17.19

H
b (g/dL, m

ean ± SD
)

     < 25%
16.31 ± 2.35

ns
12.39 ± 2.11

ns
9.45 ± 0.07

n/a
13.7

ns
13.28 ± 2.78

0.022

     26–50%
18.83 ± 1.98

12.67 ± 1.63
N

/A
14.88 ± 3.41

15.63 ± 3.54

     51–75%
18.04 ± 3.71

9.33 ± 1.0
5.3

12.5
15.20 ± 5.31

     76–100%
17.69 ± 1.82

11
10.5 ± 0.69

8 ± 0.75
14.51 ± 4.43

H
ct (%

, m
ean ± SD

)

     < 25%
49.11 ± 6.52

< 0.0001
38.3 ± 6.08

ns
30.05 ± 1.20

n/a
41.5

ns
40.79 ± 7.85

0.0007

     26–50%
59.28 ± 6.46

39.85 ± 6.16
24

51.40 ± 11.9
48.60 ± 12.19

     51–75%
61.45 ± 4.37

33.33 ± 0.57
17.5

40
51.47 ± 15.68

     76–100%
57.1 ± 5.92

30
35.07 ± 1.65

26.45 ± 1.91
48.01 ± 13.75

G
roup of allele burden

PV
 (N

 = 51)
p value

ET (N
 = 62)

p value
PM

F (N
 = 8)

p value
U

nspecified M
PN

 (N
 = 9)

p value
Total (N

 = 130)
p value

Plt (10 × 9/L, m
ean ± SD

)

     < 25%
428.5 ± 232.6

0.0446
971.2 ± 472.7

ns
95.5 ± 81.32

n/a
998

ns
809.5 ± 491.7

ns

     26–50%
656.6 ± 304

876.7 ± 563.4
230

667.6 ± 468.2
736.60 ± 454.2

     51–75%
629.9 ± 238.8

500.7 ± 361.1
4

1197
600.10 ± 329.9

     76–100%
817.9 ± 526

551
595.3 ± 139.2

1,788 ± 2782
927.60 ± 1114

Table 3. H
em

atologic C
haracteristics A

ccording to Janus kinase 2 (JAK
2) A

llele B
urden

PV, polycythem
ia vera; ET, essential throm

bocythem
ia; Plt, platelet; PM

F, prim
ary m

yelofibrosis; M
PN

, m
yeloproliferative neoplasm

; W
B

C
, w

hite blood cells; H
ct, hem

atocrit; H
b, hem

oglobin; SD
, standard deviation; N

, 
num

ber. *Fisher’s exact test w
as used to com

pare the frequency of data betw
een PV

 and ET and one-w
ay A

N
O

VA
 w

as used to com
pare all subtypes.



Narongrit Sritana et al

Asian Pacific Journal of Cancer Prevention, Vol 26584

burden in the four subgroups (<25%, 26%–50%, 51%–
75% and 76%–100%) and analyzed the correlation with 
clinicohematological parameters, we found significant 
differences in the PV subgroup only. An increase in the 
JAK2 V617F allele burden tended to be associated with an 
increase in the WBC, Hct and Plt counts (p < 0.0001, p < 
0.0001 and p < 0.05, respectively). These results differed 
from a previous study that found an association between 
a high JAK2 V617F allele burden and an increased 
frequency of organomegaly in ET patients without 
identifying similar links for other clinicohematological 
parameters in PV or PMF patients. Although patients 
with PV, ET and PMF who experienced thrombotic events 
generally exhibited higher allele burdens, this association 
was not statistically significant [19]. The discrepancy in 
the data may be related to the lower sample size used for 
analysis compared with our study.

Other studies reported that individuals harboring the 
JAK2 V617F mutation, regardless of MPN type, are at 
a higher risk of venous thromboembolism (VTE). In 
addition, a JAK2 allele burden higher than 20% identified 
patients with a 7.4-fold increased risk of VTE [20].

The JAK2 V617F mutation serves as a critical marker 
for the pathogenesis of MPNs, particularly in BCR/
ABL-negative cases, where it is often the primary driver 
of the disease [41, 42]. In the context of treatment, the 
presence of the JAK2 V617F mutation has implications 
for therapeutic strategies, particularly with the advent 
of JAK2 inhibitors that target the JAK/STAT signaling 
pathway [38]. Detection of the mutation not only aids 
in the diagnosis of MPNs but also assists in monitoring 
disease progression and treatment responses [6, 43, 44].

Our study was limited by the small number of 
parameters used for comparisons according to the samples 
were sent from various hospitals or organizations with 
no other additional information including, treatment 
regimen, treatment outcomes and disease progression. 
However, we observed many associations between JAK2 
V617F status and allele burden with clinicohematological 
parameters. Our findings confirm that the mutational status 
or allele burden of JAK2 V617F influences the severity of 
the clinical and hematologic symptoms associated with 
MPNs. Specifically, a higher allele burden is generally 
associated with more severe manifestations, such as 
elevated WBC or Plt counts.

In conclusion, our study findings show that the allele 
burden of JAK2 V617F was significantly lower for ET than 
for PV and PMF. ET patients also had a significantly lower 
frequency of the JAK2 V617F allele, whereas the other 
MPN subgroups had a similar frequency. Only the WBC, 
Hct and Plt counts were significantly different between 
the JAK2 V617F allele burden subgroups. Measuring the 
JAK2 V617F allele burden quantitatively might be an 
additional tool for predicting the hematological outcomes 
of the disease. This approach will require the assessment 
of the JAK2 V617F allele burden at the time of diagnosis 
and during ongoing patient monitoring. According to the 
limited parameters in this study, expanding the dataset and 
including additional clinical parameters might provide a 
more comprehensive analysis of the significance of JAK2 
V617F alleles across various clinical and phenotypic 

the mean white blood cell (WBC) counts of the PV 
group were significantly lower than ET group (p < 0.05). 
However, in general, patients with PV tend to have higher 
WBC counts compared to those with ET, which is a critical 
distinction in the clinical management of these conditions 
[23-25]. The controversy of this result may be from the 
treatment of hydroxyurea which has previously reported 
the significant therapeutic effects to decrease white blood 
cell (WBC) counts in patients with PV, which is crucial for 
managing the disease and reducing the risk of thrombotic 
events associated with elevated blood cell counts [26, 27].

In this study, the mean JAK2 V617F allele burden in 
the entire population of patients was 36.85%, ranging 
from 0.04% to 100%. The mean JAK2 V617F allele 
burden in PMF patients was the highest at 52.43%, 
followed by unspecified MPN patients at 51.81%, PV 
patients at 47.38% and ET patients with the lowest mean 
JAK2 V617F allele burden at 21.12%. One study reported 
that the median JAK2 V617F allele burden in the entire 
population of patients was 73%, ranging from 0.97% 
to 97%. The median JAK2 V617F allele burden in PV 
patients was 40% and in MF it was 95%. Furthermore, 
all PMF patients harbored more than 80% JAK2 V617F 
cells, whereas ET patients had fewer than 50% JAK2 
V617F cells [28]. Other studies have reported that patients 
with ET are seldom homozygous for the JAK2 V617F 
mutation. As a result, the allele burden of the JAK2 V617F 
mutation in ET patients is generally lower compared 
with that observed in patients with PV and PMF [29-33]. 
Sang Hyuk Park et al. also reported that the allele burden 
of JAK2 V617F in ET was significantly lower than that 
in PV and PM [10]. In addition, the JAK2 V617F allele 
was shown to have variable associations with increased 
markers of erythropoiesis, stable or reduced Plt counts, 
a higher likelihood of thrombosis, more frequent bone 
marrow fibrosis or cytoreductive treatments, older age, 
longer disease duration or poorer survival outcomes in 
those with MPNs [34-40]. Our results were similar to 
previous reports in that the clinicohematological outcomes 
differed significantly among the disease subtypes based on 
the higher mean age and WBC counts for PMF than for 
the other subtypes, higher Hb and Hct for PV and higher 
Plt counts for ET than for the other subtypes (Tables 1 
and supplementary table 1). A previous study reported that 
among ET patients, JAK2 V617F positivity was associated 
with older age, a higher neutrophil fraction, an increased 
frequency of thrombotic events and elevated rates of 
myelofibrosis. However, they did not find low Plt counts 
among JAK2 V617F-positive patients. Instead, they noted 
a slight trend in which groups with a higher JAK2 V617F 
allele burden had lower Plt counts [19].

There were significant differences between JAK2 
V617F-positive and JAK2 V617F-negative groups 
among all MPN subtypes in this study, including older 
age, increased Plt counts, and lower WBC counts in 
JAK2 V617F-positive cases. Moreover, a significantly 
higher mean age was present in the JAK2 V617F-positive 
sample PV and ET subgroups. In addition, JAK2 V617F-
positive PV patients had significantly increased Plt counts 
compared with the negative group (Table 2). 

When this study categorized the JAK2 V617F allele 
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subgroups of MPN patients.

Author Contribution Statement

The authors confirm contribution to the paper as 
follows: Miss Nattida Cholnakasem, Mr. Nithiphut 
Tantirukdham, Mr. Kriangpol Wiriyaukaradecha; help 
with sample processing and gene mutation analysis: 
Miss Maneenop Yimyaem and Miss Natcha Aksoramat; 
Data collection: The authors thank Dr.Narongrit 
Sritana; statistical analysis and advised in reviewing the 
manuscript. All authors reviewed the results and approved 
the final version of the manuscript.

Acknowledgements

We thank J. Ludovic Croxford, PhD, from Scribendi 
(www.scribendi.com) for editing a draft of this manuscript.

Funding Statement
This study was approved and supported by the 

Chulabhorn Royal Academy.

Ethical Declaration
This study was approved by the Ethics Committee of 

Human Research of Chulabhorn Research Institute (EC 
No.059/2565).

References

1. Vannucchi AM, Antonioli E, Guglielmelli P, Pardanani A, 
Tefferi A. Clinical correlates of JAK2V617F presence or 
allele burden in myeloproliferative neoplasms: a critical 
reappraisal. Leukemia. 2008;22(7):1299-307. https://doi.
org/10.1038/leu.2008.113.

2. Shen YM, Chao HY, Zhang R, Feng YF, Cen JN, Yao L, et 
al. Quantitative assay for Janus kinase 2 (JAK2) mutation 
in Chinese patients with chronic myeloproliferative 
disorders. J Int Med Res. 2009;37(1):37-46. https://doi.
org/10.1177/147323000903700105

3. Takahashi K, Patel KP, Kantarjian H, Luthra R, Pierce S, 
Cortes J, et al. JAK2 p.V617F detection and allele burden 
measurement in peripheral blood and bone marrow 
aspirates in patients with myeloproliferative neoplasms. 
Blood. 2013;122(23):3784-6. https://doi.org/10.1182/
blood-2013-07-515676

4. Wong GC, Kam GL, Koay ES. JAK2 mutations in Asian 
patients with essential thrombocythaemia. Intern Med 
J. 2011;41(2):191-6. https://doi.org/10.1111/j.1445-
5994.2010.02199.x

5. Rumi E, Pietra D, Ferretti V, Klampfl T, Harutyunyan 
AS, Milosevic JD, et al. JAK2 or CALR mutation status 
defines subtypes of essential thrombocythemia with 
substantially different clinical course and outcomes. 
Blood. 2014;123(10):1544-51. https://doi.org/10.1182/
blood-2013-11-539098

6. Yoshiki Y, Asai T, Ichikawa M, Hangaishi A, Ota S, Imai Y, et 
al. A case of myeloid sarcoma with correlation to JAK2V617F 
mutation, complicated by myelofibrosis and secondary acute 
myeloid leukemia. Intern Med. 2011;50(21):2649-52. 
https://doi.org/10.2169/internalmedicine.50.5783

7. Lee AJ, Kim SG, Nam JY, Yun J, Ryoo HM, Bae SH. Clinical 
features and outcomes of JAK2 V617F-positive polycythemia 
vera and essential thrombocythemia according to the JAK2 

V617F allele burden. Blood Res. 2021;56(4):259-65. https://
doi.org/10.5045/br.2021.2021089

8. Latagliata R, Polverelli N, Tieghi A, Palumbo GA, Breccia 
M, Sabattini E, et al. Comparison of JAK2(V617F) 
-positive essential thrombocythaemia and early primary 
myelofibrosis: The impact of mutation burden and histology. 
Hematol Oncol. 2018;36(1):269-75. https://doi.org/10.1002/
hon.2430

9. Li XQ, Liu JJ, Liu CC. Case report: Double L611S/V617L 
JAK2 mutation in a patient with polycythemia vera originally 
diagnosed with essential thrombocythemia. Front Oncol. 
2022; 12:937362. https://doi.org/10.3389/fonc.2022.937362

10. Park SH, Chi HS, Cho YU, Jang S, Park CJ. The allele 
burden of JAK2 V617F can aid in differential diagnosis of 
Philadelphia Chromosome-Negative Myeloproliferative 
Neoplasm. Blood Res. 2013;48(2):128-32. https://doi.
org/10.5045/br.2013.48.2.128

11. Cascavilla N, De Stefano V, Pane F, Pancrazzi A, Iurlo 
A, Gobbi M, et al. Impact of JAK2(V617F) mutation 
status on treatment response to anagrelide in essential 
thrombocythemia: an observational, hypothesis-generating 
study. Drug Des Devel Ther. 2015; 9:2687-94. https://doi.
org/10.2147/DDDT.S79576

12. Gonzalez MS, De Brasi CD, Bianchini M, Gargallo P, 
Stanganelli C, Zalcberg I, et al. Improved diagnosis of the 
transition to JAK2 (V(6)(1)(7)F) homozygosity: the key 
feature for predicting the evolution of myeloproliferative 
neoplasms. PLoS One. 2014;9(1): e86401. https://doi.
org/10.1371/journal.pone.0086401

13. Tefferi A, Lasho TL, Patnaik MM, Finke CM, Hussein K, 
Hogan WJ, et al. JAK2 germline genetic variation affects 
disease susceptibility in primary myelofibrosis regardless of 
V617F mutational status: nullizygosity for the JAK2 46/1 
haplotype is associated with inferior survival. Leukemia. 
2010;24(1):105-9. https://doi.org/10.1038/leu.2009.225

14. Alchalby H, Badbaran A, Zabelina T, Kobbe G, Hahn J, Wolff 
D, et al. Impact of JAK2V617F mutation status, allele burden, 
and clearance after allogeneic stem cell transplantation for 
myelofibrosis. Blood. 2010;116(18):3572-81. https://doi.
org/10.1182/blood-2009-12-260588

15. Vannucchi AM, Verstovsek S, Guglielmelli P, Griesshammer 
M, Burn TC, Naim A, et al. Ruxolitinib reduces JAK2 
p.V617F allele burden in patients with polycythemia 
vera enrolled in the RESPONSE study. Ann Hematol. 
2017;96(7):1113-20. https://doi.org/10.1007/s00277-017-
2994-x

16. Link-Lenczowska D, Pallisgaard N, Cordua S, Zawada 
M, Czekalska S, Krochmalczyk D, et al. A comparison 
of qPCR and ddPCR used for quantification of the JAK2 
V617F allele burden in Ph negative MPNs. Ann Hematol. 
2018;97(12):2299-308. https://doi.org/10.1007/s00277-
018-3451-1

17. Ibrahim IK, Hassan R, Ali EW, Omer A. Polycythaemia 
Vera Among Sudanese Patients With Special Emphasis on 
JAK2 Mutations. Asian Pac J Cancer Prev. 2019;20(1):41-4. 
https://doi.org/10.31557/APJCP.2019.20.1.41

18. Khatamianfar S, Akbari MT, Karizi SZ, Deilamani FK. 
Study of the p.V617F and Exon 12 Mutations in JAK2 Gene 
Among Iranian Chronic Myeloproliferative Patients. Journal 
of Human Genetics and Genomics. 2019;3(1). https://doi.
org/10.5812/jhgg.88293

19. Ha JS, Kim YK, Jung SI, Jung HR, Chung IS. Correlations 
between Janus Kinase 2 V617F Allele Burdens and 
Clinicohematologic Parameters in Myeloproliferative 
Neoplasms. Ann Lab Med. 2012;32(6):385-91. https://doi.
org/10.3343/alm.2012.32.6.385.

20. Borowczyk M, Wojtaszewska M, Lewandowski K, Gil L, 



Narongrit Sritana et al

Asian Pacific Journal of Cancer Prevention, Vol 26586

Lewandowska M, Lehmann-Kopydlowska A, et al. The 
JAK2 V617F mutational status and allele burden may be 
related with the risk of venous thromboembolic events 
in patients with Philadelphia-negative myeloproliferative 
neoplasms. Thromb Res. 2015;135(2):272-80. https://doi.
org/10.1016/j.thromres.2014.11.006

21. Park CH, Lee KO, Jang JH, Jung CW, Kim JW, Kim SH, et 
al. High frequency of JAK2 exon 12 mutations in Korean 
patients with polycythaemia vera: novel mutations and 
clinical significance. J Clin Pathol. 2016;69(8):737-41. 
https://doi.org/10.1136/jclinpath-2016-203649

22. Wu Z, Zhang X, Xu X, Chen Y, Hu T, Kang Z, et al. The 
mutation profile of JAK2 and CALR in Chinese Han patients 
with Philadelphia chromosome-negative myeloproliferative 
neoplasms. J Hematol Oncol. 2014;7:48. https://doi.
org/10.1186/s13045-014-0048-6

23. Tefferi A. Polycythemia vera and essential thrombocythemia: 
2012 update on diagnosis, risk stratification, and management. 
Am J Hematol. 2012;87(3):285-93. https://doi.org/10.1002/
ajh.23135

24. Santisakultarm TP, Paduano CQ, Stokol T, Southard TL, 
Nishimura N, Skoda RC, et al. Stalled cerebral capillary 
blood flow in mouse models of essential thrombocythemia 
and polycythemia vera revealed by in vivo two-photon 
imaging. J Thromb Haemost. 2014;12(12):2120-30. https://
doi.org/10.1111/jth.12738

25. Grenier JMP, El Nemer W, De Grandis M. Red Blood Cell 
Contribution to Thrombosis in Polycythemia Vera and 
Essential Thrombocythemia. Int J Mol Sci. 2024;25(3):1417. 
https://doi.org/10.3390/ijms25031417

26. Spivak JL, Considine M, Williams DM, Talbot CC Jr, 
Rogers O, Moliterno AR, et al. Two clinical phenotypes 
in polycythemia vera. N Engl J Med. 2014;371(9):808-17. 
https://doi.org/10.1056/NEJMoa1403141

27. Ferrari A, Carobbio A, Masciulli A, Ghirardi A, Finazzi G, 
De Stefano V, et al. Clinical outcomes under hydroxyurea 
treatment in polycythemia vera: a systematic review and 
meta-analysis. Haematologica. 2019;104(12):2391-9. 
https://doi.org/10.3324/haematol.2019.221234

28. Alshemmari SH, Rajaan R, Ameen R, Al-Drees MA, 
Almosailleakh MR. JAK2V617F allele burden in patients 
with myeloproliferative neoplasms. Ann Hematol. 
2014;93(5):791-6. https://doi.org/10.1007/s00277-013-
1988-6

29. 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(4):387-97. https://doi.org/10.1016/j.ccr.2005.03.023

30. Passamonti F, Rumi E, Pietra D, Della Porta MG, Boveri E, 
Pascutto C, et al. Relation between JAK2 (V617F) mutation 
status, granulocyte activation, and constitutive mobilization 
of CD34+ cells into peripheral blood in myeloproliferative 
disorders. Blood. 2006;107(9):3676-82. https://doi.
org/10.1182/blood-2005-09-3826

31. Kittur J, Knudson RA, Lasho TL, Finke CM, Gangat N, 
Wolanskyj AP, et al. Clinical correlates of JAK2V617F 
allele burden in essential thrombocythemia. Cancer. 
2007;109(11):2279-84. https://doi.org/10.1002/cncr.22663

32. Tefferi A, Strand JJ, Lasho TL, Knudson RA, Finke CM, 
Gangat N, et al. Bone marrow JAK2V617F allele burden 
and clinical correlates in polycythemia vera. Leukemia. 
2007;21(9):2074-5. https://doi.org/10.1038/sj.leu.2404724

33. Tefferi A, Thiele J, Orazi A, Kvasnicka HM, Barbui T, Hanson 
CA, et al. Proposals and rationale for revision of the World 
Health Organization diagnostic criteria for polycythemia 
vera, essential thrombocythemia, and primary myelofibrosis: 

recommendations from an ad hoc international expert 
panel. Blood. 2007;110(4):1092-7. https://doi.org/10.1182/
blood-2007-04-083501

34. Baxter EJ, Scott LM, Campbell PJ, East C, Fourouclas N, 
Swanton S, et al. Acquired mutation of the tyrosine kinase 
JAK2 in human myeloproliferative disorders. Lancet. 
2005;365(9464):1054-61. https://doi.org/10.1016/S0140-
6736(05)71142-9

35. Campbell PJ, Scott LM, Buck G, Wheatley K, East CL, 
Marsden JT, et al. Definition of subtypes of essential 
thrombocythaemia and relation to polycythaemia vera 
based on JAK2 V617F mutation status: a prospective study. 
Lancet. 2005;366(9501):1945-53. https://doi.org/10.1016/
S0140-6736(05)67785-9

36. Kralovics R, Passamonti F, Buser AS, Teo SS, Tiedt 
R, Passweg JR, et al. A gain-of-function mutation 
of JAK2 in myeloproliferative disorders. N Engl J 
Med. 2005;352(17):1779-90. https://doi.org/10.1056/
NEJMoa051113

37. Wolanskyj AP, Lasho TL, Schwager SM, McClure RF, 
Wadleigh M, Lee SJ, et al. JAK2 mutation in essential 
thrombocythaemia: clinical associations and long-term 
prognostic relevance. Br J Haematol. 2005;131(2):208-13. 
https://doi.org/10.1111/j.1365-2141.2005.05764.x

38. Barosi G, Bergamaschi G, Marchetti M, Vannucchi AM, 
Guglielmelli P, Antonioli E, et al. JAK2 V617F mutational 
status predicts progression to large splenomegaly and 
leukemic transformation in primary myelofibrosis. 
Blood. 2007;110(12):4030-6. https://doi.org/10.1182/
blood-2007-07-099184

39. Rudzki Z, Sacha T, Stoj A, Czekalska S, Wojcik M, Skotnicki 
AB, et al. The gain-of-function JAK2 V617F mutation 
shifts the phenotype of essential thrombocythemia and 
chronic idiopathic myelofibrosis to more “erythremic” 
and less “thrombocythemic”: a molecular, histologic, and 
clinical study. Int J Hematol. 2007;86(2):130-6. https://doi.
org/10.1532/IJH97.E0607

40. De Stefano V, Za T, Rossi E, Vannucchi AM, Ruggeri M, Elli 
E, et al. Increased risk of recurrent thrombosis in patients 
with essential thrombocythemia carrying the homozygous 
JAK2 V617F mutation. Ann Hematol. 2010;89(2):141-6. 
https://doi.org/10.1007/s00277-009-0788-5

41. Zhang SP, Li H, Lai RS. Detection of JAK2 V617F mutation 
increases the diagnosis of myeloproliferative neoplasms. 
Oncol Lett. 2015;9(2):735-8. https://doi.org/10.3892/
ol.2014.2801

42. Azevedo AP, Silva SN, Reichert A, Lima F, Junior E, Rueff 
J. Prevalence of the Janus kinase 2 V617F mutation in 
Philadelphia-negative myeloproliferative neoplasms in 
a Portuguese population. Biomed Rep. 2017;7(4):370-6. 
https://doi.org/10.3892/br.2017.977

43. Nasseri M, Keyfi F, Rahbarian R, Rajabian M, Abbaszadegan 
MR. Examining the Frequency of the JAK2 (V617F) 
Mutation in Patients with Myeloproliferative Diseases in 
North Eastern Iran and the Effect of Treatment Intervention. 
Rep Biochem Mol Biol. 2020;9(2):188-92. https://doi.
org/10.29252/rbmb.9.2.188

44. Tun KLP, Latt AZ, Naing W, Htwe SS, Ko YK, Mar 
W, et al. Identification of JAK2 (V617F) Mutation in 
Myeloproliferative Neoplasms by Using Allele Specific 
Polymerase Chain Reaction (AS-PCR). Am J Mol 
Biol. 2020;10(04):273-82. https://doi.org/10.4236/
ajmb.2020.104019

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


