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Abstract:

Myeloproliferative neoplasm (MPN) is a neoplasm with three categories; essential 
thrombocythemia (ET), primary myelofibrosis (PMF), and polycythemia vera (PV), 
and it usually is diagnosed through mutation analysis in several essential genes; 
JAK2, MPL, CALR. The mutations of the mentioned genes in 50 patients with MPN 
and 50 healthy volunteers were determined via allele-specific PCR and sequencing. 
Based on the results, MPN and its subtypes have  a significant relation with mutations 
(p<0.05). JAK2 (exon 14) mutation was related to MPN and its subtypes except for 
ET and CALR (exon 9) type 1 was merely related to ET, but CALR (exon 9) type 2 
mutation was more prevalent in MPN and PV (p<0.05). None of the mutations co-
occurred. There was no evidence of mutation in JAK2 (exon 12) and MPL (exon 9 
and 10) in our study, so they are unsuitable diagnostic candidates. So, mutations in 
JAK2 (exon 14), and CALR (exon 9) type 1 and 2 are essential in MPN diagnosis 
in Iranians.
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INTRODUCTION

Primary myelofibrosis (PMF) also named 
myeloproliferative neoplasm (MPN) is divided into 
Philadelphia chromosome-negative [Ph(−)] and 
-positive [Ph(+)], composed of a non-homologous 
category of hematopoietic stem cell dysfunction 
characterized by anemia, overproduction of 
erythroid, myeloid, and/or megakaryocytic cells 
in peripheral blood as well as the bone marrow (1) 
. The classification of these neoplasms can occur 
based on bone marrow morphology as well as 
technical and cytogenetic characteristics. One of 
the most important hallmarks of the Ph(−) MPNs 
is the presence of proliferated large heterogenous 
megakaryocytes in the bone marrow. The other one 
is related to the absence of ring sideroblasts (RS) in 
the MPNs at the initial stages (2). Furthermore, in 
Ph(−) MPN, in contrast with JAK2, MPL, or CALR 
mutations, SF3B1 mutations are relatively rare 
with a rate of 2–10%, (3-6). With the technology of 
next-generation sequencing (NGS), the mutational 
profiles of MPN have been discovered which help 
provide more efficient therapeutic guidelines (2). As 
some of the non-germ line mutations are observed 

in most cases of MPN in the JAK2, MPL, and, 
CALR genes, they can be considered the common 
diagnostic agents of Ph(−) MPN (7). 

In general, WHO divided MPN into several 
categories; essential thrombocythemia (ET), 
primary myelofibrosis (PMF), and polycythemia 
vera (PV) based on clinical outcome, morphology, 
and disease presentation, especially at early 
stages (8). For example, a mutation in JAK2 
V617F, MPLW515L/K, and CALR is one of these 
morphologic variations. As early PV and JAK2 
-mutant ET, as well as pre-fibrotic PMF present 
common molecular features, molecular tests can be 
considered a diagnostic test for MPN (9).

As PMN is considered one of the life-threatening 
cancers among Iranians due to its weak diagnosis, 
introducing the most important gene mutation can 
play an essential role in better diagnosis which can 
lead to longer overall survival and more satisfying 
therapeutics outcomes. On the other side, diagnostic 
tests are expensive, especially for patients without 
insurance. So, determining the important diagnostic 
tests will help patients financially.

1.Lanzarone G, Olivi M. The Prognostic Role of Cytogenetics Analysis in Philadelphia Negative Myeloproliferative Neoplasms. Medicina. 2021;57(8):813. 
Yoshida K, Sanada M, Shiraishi Y, Nowak D, Nagata Y, Yamamoto R, et al. Frequent pathway mutations of splicing machinery in myelodysplasia. Nature. 2011;478(7367):64-9. 
Lasho T, Finke C, Hanson C, Jimma T, Knudson R, Ketterling R, et al. SF3B1 mutations in primary myelofibrosis: clinical, histopathology and genetic correlates among 155 patients. Leukemia. 2012;26(5):1135-7.
http://Ok CY, Trowell KT, Parker KG, Moser K, Weinberg OK, Rogers HJ, et al. Chronic myeloid neoplasms harboring concomitant mutations in myeloproliferative neoplasm driver genes (JAK2/MPL/CALR) and SF3B1. Modern Pathology. 2021;34(1):20-31.
Yoshida K, Sanada M, Shiraishi Y, Nowak D, Nagata Y, Yamamoto R, et al. Frequent pathway mutations of splicing machinery in myelodysplasia. Nature. 2011;478(7367):64-9. 
Bruneau J, Molina TJ. WHO classification of tumors of hematopoietic and lymphoid tissues. Hematopathology. 2020:501-5.
Rumi E, Pietra D, Pascutto C, Guglielmelli P, Martínez-Trillos A, Casetti I, et al. Clinical effect of driver mutations of JAK2, CALR, or MPL in primary myelofibrosis. Blood, The Journal of the American Society of Hematology. 2014;124(7):1062-9.
Wong WJ, Hasserjian RP, Pinkus GS, Breyfogle LJ, Mullally A, Pozdnyakova O. JAK2, CALR, MPL and ASXL1 mutational status correlates with distinct histological features in Philadelphia chromosome-negative myeloproliferative neoplasms. Haematologica. 2018;103(2):e63.
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MATERIALS AND METHODS

This study was performed as a cross-sectional 
one over two years with the approved etic number 
of IR.IAU.PS.REC.1399.058 by the Tehran 
Medical Sciences, Islamic Azad University, and 
was done based on the declaration of Helsinki. In 
this study, 50 patient data was gathered from the 
Hematology Laboratory of Dr. Masih Daneshvari 
Hospital in Tehran, Iran. The inclusion criteria of 
this study contained; 35 years old and above at the 
time of data collection and diagnosis of MPN and 
its subtypes confirmed by Hematologists based 
on the 2016 WHO classification guidelines. Fifty 
healthy controls (without Myeloproliferative, 
systemic, Hematologic, and genetic disorders). 
The demographic, clinical, and laboratory data 
entailed; gender, age, white blood cell (WBC), 
platelet (Plt), and hemoglobin (Hb). The mutational 
evaluations (JAK2, MPL, and CALR) were 
done on the DNA samples which were extracted 
from the whole blood by using the commercial 
FavorPrep™ Blood / Cultured Cell Genomic DNA 
Extraction Mini Kit (Favorgen Company, Taiwan), 
following the manufacturer protocol. The mutation 
of JAK2, MPL, and CALR was characterized via 

designing several allele-specific oligonucleotide 
primers polymerase chain reactions (PCR) for the 
5’ and 3’ ends of the following sequences; JAK2 
(Exon 12 and 14), MPL (S505N and W515L), and 
CALR (Exon 9) . The related specific primers were 
checked by the NCBI nucleotide BLAST program 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi)after 
evaluation. The chromosome location, accession 
numbers of genes, products’ length, related specific 
primers, and primers’ sequences were presented in 
Table 1.  The PCR reaction with its reaction volume 
is shown in table 2. The PCR was performed by 
a Veriti PCR thermal cycler based on the specific 
program obtained after setting for each reaction 
(Table 3). Then, the PCR products were assessed 
after visualization by SYBR™ Safe DNA Gel Stain 
(Thermo Fisher Scientific) and electrophoresis 
on 2% agarose gel (Figure 1). Then, the JAK2 
(Exon 12) and CALR (Exon 9) gene mutations 
were evaluated by Sanger sequencing via Genetic 
– Analyzer ABI3130XL sequencer figure 2. With 
regards to the literature review, various kinds of 
mutations can lead to the JAK2 (Exon 12) and 
CALR (Exon 9) gene mutations (10, 11) , and 
allele-specific PCR will not be an adequate method 

 

Supplementary information 

Table A1. Chromosome location, accession numbers, products’ length, and primers’ sequences for screening of JAK2 (exon 12 and 14), 

CALR (exon 9), and MPL (exon 9 and 10) mutations  

Genes’ 
names  

Chromosome 

Location 

accession 
numbers 

Products’ 
length 

Primers’ 
names 

Primers’ sequences 

 JAK2 
(exon 
12) 

9p24.1 NG_009904.1 496bp Forward 5′-CTCCTCTTTGGAGCAATTCA-3′  

Reverse 5′-GAGAACTTGGGAGTTGCGATA-3′ 

 JAK2 
(exon 
14)  

9p24.1 NG_009904.1 364bp Forward 5′-ATCTATAGTCATGCTGAAAGTAGGAGAAAG-3′ 

203bp Forward 
(mutant) 

5′-AGCATTTGGTTTTAAATTATGGAGTATAT-3′ 

Reverse 5′-CTGAATAGTCCTACAGTGTTTTCAGTTTCA-3′ 

CALR 
(exon 
9) 

19p13 NG_029662.1 921bp Forward 5'-TAACAAAGGTGAGGCCTGGTC-3′ 

Reverse 5'-ACCACTGCTGGGTTTCCTT-3′ 

MPL 
(exon 
9) 

1p34 NG_007525.1 211bp Forward 5'-TGGGCCGAAGTCTGACCCTTT-3′  

Reverse 5'-CAGAGCGAACCAAGAATGCCTGT-3′ 

123bp Forward 
(Allel 
specific) 

5'-GGCCTGCTGCTGCTGAGAT-3′ 

MPL 
(exon 
10) 

1p34 NG_007525.1 211bp Forward  5'-TGGGCCGAAGTCTGACCCTTT-3′  

Reverse 5'-CAGAGCGAACCAAGAATGCCTGT-3′  

94bp Reverse 
(Allel 
specific) 

5'-CAGGCCCAGGACGGCG-3′ 

 

  

Table 1. Chromosome location, accession numbers, products’ length, and primers’ sequences for screening of JAK2 (exon 12 and 14), CALR 
(exon 9), and MPL (exon 9 and 10) mutations 

Scott LM. The JAK2 exon 12 mutations: a comprehensive review. American journal of hematology. 2011;86(8):668-76.
Wong R, Sun S, Wang H-Y, Broome HE, Murray S, Thorson J. In Frame Calr Exon 9 Mutations: Often Ignored but Potentially Significant. Blood. 2018;132:5480.
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for evaluation of their mutations. However as we 
did not detect any mutations for JAK2 (Exon 12), no 
sequencing was available for it. Finally, the raw data 
was analyzed by Chromas software, and compared 
with the reference sequences in the NCBI database 
via CLC software.

In the end, the statistical analyses were performed 
on the data by Statistical Package for the Social 
Sciences (SPSS) Statistics for Windows (Version 22.0; 
IBM Corp., Armonk, NY, USA). The chi-square test 
was performed for categorical data and the independent 
t-test for the parametric numerical variables. Moreover, 

Fisher’s exact test and Mann-Whitney were used for 
qualitative and non-parametric data, respectively. In all 
analyses, p-values less than 0.05 showed statistically 
significant differences.

RESULTS

The demographic and clinical features of healthy 
controls and patients suffering from MPN are 
presented in Table 1. Fifty patients participated in this 
study; 26 (51%) males and 24 (49%) females, MPN 
was categorized into 21 (42%) ET, 17 (34%) PV, and 
12 (24%) PMF with mean and standard deviation (SD) 

Table A2. Constituents of PCR reactions with their volumes 

Genes’ names Constituents  Concentration Volume (µL) 

 JAK2 (exon 12) Master Mix RED 2X  10 μl  

GENOMIC DNA  5 µl 8 μl  

Forward Primer ( JAK2 -F) 0.1 pmol/µl  1 μl 

Reverse Primer ( JAK2 -R) 0.1 pmol/µl  1 μl 

Master Mix RED 2X  10 μl  

 Total: 20 μl 

 JAK2 (exon 14) Master Mix RED 2X 10 μl  

GENOMIC DNA  5 µl  7 μl  

Forward Primer ( JAK2 -F) 0.1 pmol/µl  1 μl  

Reverse Primer ( JAK2 -R) 0.1 pmol/µl  1 μl  

 Total: 20 μl 

CALR (exon 9) Master Mix RED  2X  10 μl  

GENOMIC DNA  5 µl 8 μl  

Forward Primer (CALR-F) 0.1 pmol/µl  1 μl 

Reverse Primer (CALR-R) 0.1 pmol/µl  1 μl 

 Total: 20 μl 

MPL (exon 9) Master Mix RED  2X  10 μl  

GENOMIC DNA  5 µl 8 μl  

Forward Primer (MPL-F) 0.1 pmol/µl  1 μl 

Reverse Primer (MPL-R) 0.1 pmol/µl  1 μl 

 Total: 20 μl 

MPL (exon 10) Master Mix RED  2X  10 μl  

GENOMIC DNA  5 µl 8 μl  

Forward Primer (MPL-F) 0.1 pmol/µl  1 μl 

Reverse Primer (MPL-R) 0.1 pmol/µl  1 μl 

 Total: 20 μl 

 

  

Table 2. Constituents of PCR reactions with their volumes
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ages of 55.95 ± 8.70 (ET), 59.71 ± 8.58 (PV), and 58.58 
± 8.55 (PMF) years. The mean and SD of leukocyte, 
hemoglobin, and platelet counts are shown in Table 1. 
The first group of MPN was ET with 21 patients 11 of 
them were male and 10 were female, with an average 
age of 55.95 (8.58) years (35–71 years). The second 

group was PV with 17 patients 8 of them were male and 
9 were female, with an average age of 59.71 (8.58) years 
(35–78 years). The last group was PMF with 12 patients 
7 of them were male and 5 were female, with an average 
age of 58.58 (8.55) years (35–78 years). The average age 
of MPN was 58.04 (8.62) years (35 to 78). 

Table A3. Thermal cycler program for JAK2 (exon 12 and 14), CALR (exon 9), and MPL (exon 9 and 10) 

Genes’ names Cycles Temperatures (oC) Time  numbers of cycles  

 JAK2 (exon 12)  

Initial denaturation 95 2 min 1 

Denaturing 95 34 s 

35 Annealing 56 34 s 

Extension 72 34 s 

Final extension 72 7 min 1 

Hold 4 ∞ 1 

 JAK2 (exon 14)  

Initial denaturation 95 3 min 1 

Denaturing 95 33 s 

39 Annealing 55 35 s 

Extension 72 35 s 

Final extension 72 7 min 1 

Hold 4 ∞ 1 

CALR (exon 9) Initial denaturation 95 2 min 1 

Denaturing 95 30 s 35 

Annealing 56 30 s 

Extension 72 30 s 

Final extension 72 7 min 1 

Hold 4 ∞ 1 

MPL (exon 9) 

Initial denaturation 95 2 min 1 

Denaturing 95 35 s 

38 Annealing 55 30 s 

Extension 72 30 s 

Final extension 72 10 min 1 

Hold 4 ∞ 1 

MPL (exon 10) 

Initial denaturation 95 2 min 1 

Denaturing 95 35 s 

38 Annealing 55 30 s 

Extension 72 30 s 

Final extension 72 10 min 1 

Hold 4 ∞ 1 

 

Table 3. Thermal cycler program for JAK2 (exon 12 and 14), CALR (exon 9), and MPL (exon 9 and 10)
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Fig 1. PCR products of MPL, JAK2, and CARL after agarose gel electrophoresis. Electrophoresis of PCR products to recognize mutations of 
MPL (1 and 2) and (4) JAK2 V617F genes; N: normal, M: mutant, +: positive, -: negative controls, and 100 bp Ladder: 100 bp DNA Ladder 
Thermo Fisher

Fig 2. Sequencing of CARL and JAK2 (exon 12) genes. The mutants and normal sequences of CARL are presented in 1-3 and normal sequence 
of JAK2 (exon 12) is presented in 4.
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Furthermore, in Table 4 the prevalence of five 
mutant genes has been presented in different subgroups 
of MPN diseases. None of mutations was observed in 
control group, whereas mutations in JAK2, exon 14 
(V617F), CALR (exon 9) type 1 (52bp; 1092-1143 
del), and CALR (exon 9) type 2 (1154 -1155 in; 5bp 
ins TTGTC) were reported in 29 (58%), 6 (12%), and 2 
(4%) patients, respectively. The JAK2 V617F mutation 
occurred in 9 of ET, 13 of PV, and 7 of PMF volunteers. 
CALR (exon 9) type 1 mutation was detectable in 4 of 
ET and 2 of PMF patients, but CALR (exon 9) type 2 
mutation was only detected in ET subgroup. Merely 13 
of MPN patients reported as triple-negative. None of 
the evaluated mutations was detected simultaneously.

The correlation between sex, age, WBC, Hb, 
platelets, and mutations based on MPN and its sub-
types are summarized in Table. 5.

DISCUSSION

In general, the mutations of three genes of the 
JAK2, CALR, and MPL have been considered the 

most important screening factors in the (Philadelphia) 
Ph-MPN diagnosis, especially JAK2 mutants for PV. 
Though in the newer editions of the WHO guidelines, 
more precise criteria in all MPN subgroups have 
been introduced as the diagnostic criteria for this 
cancer, as nearly a quarter of MPN patients are triple-
negative, and ones without JAK2 V617F mutation 
are problematic (12). Therefore, the mutant analysis 
is not sufficient for sure diagnosis, but it can be used 
for initial diagnosis. In this study, the frequency of 
two genders between patients and healthy controls 
does not differ significantly which along with other 
studies, a small gender bias is visible in MPNs, with 
a bigger number of males. However, the different 
MPN subtypes show little inconsistency similar to  
the Heppner et al results (13). It seemed that gender 
did not affect  the on the frequency of mutations in 
JAK2 (exon 14) and CALR (exon 9) type 1 or 2. In 
this study, the mean of WBC, Hb, and Platelet is bigger 
in males in comparison with females but merely Hb 
difference is significant. Moreover, Age was the same 
between healthy controls and MPN patients, as well 

Table 1. The mean of sex, age, WBC, Hb, platelets, and mutations based on MPN and its sub-types 

 Control MPN ET PV PMF 

Sex Male 25 (50%) 26(52%) 11(44%) 8(32%) 7(28%) 

Female 25 (50%) 24(48%) 10(40%) 9(36%) 5(20%) 

Age 56.62 (12.01) 58.04 (8.62) 55.95 (8.58) 59.71 (8.58) 58.58 (8.55) 

WBC (×109/L) (Range) 6962 (1825.77) 9225.49 

(5869.1) 

8352.38 
(4082.72) 

10252.94 
(6479.11) 

9550 (7821.36) 

Hb (g/dL) (Range) 14.14 (1.63) 14.55882 

(3.413513) 

13.57 (1.88) 18.19 (1.61) 10.97 (2.45) 

Platelets 

(×109/L) (Range) 

295.1 (70.44) 543.1569 

(523.3259) 

881.19 (650.42) 342.41 (198.74) 261.92 (206.69) 

Triple negative 50 (100%) 13 (26%) 6 (12%) 4 (8%) 3 (6%) 

Mutations 

 

 JAK2 
(exon 12) 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

 JAK2 
(exon 14)  

0 (0%) 29 (58%) 9 (18%) 13 (26%) 7 (14%) 

CALR 
(exon 9) 
type 1 

0 (0%) 6 (12%) 4 (8%) 0 (0%) 2 (4%) 

CALR 
(exon 9) 
type 2 

0 (0%) 2 (4%) 2 (4%) 0 (0%) 0 (0%) 

MPL 
(exon 9) 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

MPL 
(exon 10) 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

  

Table 4. The mean of sex, age, WBC, Hb, platelets, and mutations based on MPN and its sub-types

Zulkeflee RH, Zulkafli Z, Johan MF, Husin A, Islam MA, Hassan R. Clinical and laboratory features of JAK2 V617F, CALR, and MPL Mutations in Malaysian patients with classical myeloproliferative neoplasm (MPN). International journal of environmental research and public health. 2021;18(14):7582.
Heppner J, Nguyen LT, Guo M, Naugler C, Rashid-Kolvear F. Incidence of myeloproliferative neoplasms in Calgary, Alberta, Canada. BMC research notes. 2019;12(1):1-5.
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as within each MPN sub- groups. Whereas the age of 
JAK2 (exon 14)-mutated patients were significantly 
more than non-mutated ones, it was almost the same 
in patients with and without type 1 or 2 mutations of 
CALR (exon 9). This can represent that this mutation 
was acquired at higher ages and may be related to 
the aging process. WBC showed few non-significant 
inconsistencies, but Hb and platelets were significant 
in some groups, maybe more future studies on bigger 
populations confirm them as the main symptoms of this 
disease or the mutations. The subtypes of ET, PV, and 
PMF, were 42%, 34%, and 24% of MPN, respectively, 
which were different from prospective cohort studies 
performed on German and Asian populations (14, 15). 
In Wong et al. study, ET, PV, and PMF were 30.52%, 
24.21%, and 45.26%, respectively (9). In our study, ET 
was the most prevalent cancer. And JAK2 (exon 14) 
mutation was the most significant one in MPN, as more 
than half of MPN patients contained this mutation. The 
rates of the JAK2 V617F mutation in patients with ET, 
PMF, and PV were 18%, 14%, and 26%, respectively. 
Our findings were not similar to counterpart ones 
in Chinese and Sudanese populations because this 
mutation was observed more in PV, then PMF, and at 
last in ET, maybe because of differences in population.  

According to the WHO edition of 2016, the JAK2 
mutations play a key role in the autonomous RBC 
production and the myeloid and megakaryocytic 
lineages’ stimulation. As valine to a phenylalanine point 
mutation at the 617 position of the gene activates many 

of the cytokine receptors, like thrombopoietin and 
granulocyte colony-stimulating factors continuously, 
resulting in an increased level of platelets and 
leukocytes (16). 

The other key gene in this cancer is CALR, which can 
usually undergo two types of mutation. In the present 
study, 12% of CALR type 1 mutation and 4% of type 
2 mutation were detected within MPN patients with 
higher platelets (p< 0.05) 8% of them were diagnosed 
as ET, and 4% with PV without any types of JAK2 and 
MPL mutations. None of the patients diagnosed with 
PV had type 1 or 2 CALR mutations. These data were 
not similar to frequency of CALR mutations among 
MPN Slovenian (4.4%) (17). This could probably be 
observed because of using various analytical tests, 
different sample sizes, and the geographical distribution 
of studied populations. Our findings also were similar 
to Chinese, Korean, and American studies, because 
ET and PMF patients had more CALR mutations 
(18-20). Our frequent type of CALR mutation was 
Type 1 (75%), very similar to Zulkeflee et al. study 
(77.78%) (12, 20). Just like Zulkeflee et al. study, in 
our research, none of the MPN patients showed MPL 
mutations. Also in Lieu and Eldeweny et al. study MPL 
W515L/K was not reported in 60 MPN patients from 
Egypt and 88 from Taiwan (18, 21), as well as merely 
1–4% of MPL mutations, were observed in studies on 
Korean and Chinese people (19, 20). Our results were 
in contrast with previous studies on the MPL mutation 
in Iranian and Turkish populations which was 4–6% 

Table 2. The P-value of sex, age, WBC, Hb, platelets, and mutations based on MPN and its sub-types 

 Sex MPN ET PV PMF JAK2 
(exon 14) 

CALR 
(exon 9) 
type 1 

CALR 
(exon 9) 
type 2 

Sex - 0.841 0.94 0.94 0.94 0.827 0.977 0.27 

Age - 0.86 0.487 0.447 0.75 0.033 0.34 0.97 

WBC (×109/L) (Range) 0.396 0.159 0.632 0.119 0.815 0.21 0.919 0.874 

Hb (g/dL) (Range) 0.03 0.465 0.13 0 0 0.015 0.07 0.295 

Platelets 

(×109/L) (Range) 

0.725 0.002 0 0.463 0.008 0.135 0.054 0.058 

Mutation positive 0.957 0 0.001 0.001 0.008 0 0.002 0.135 

Mutation 

 JAK2 
(exon 14)  

0.827 0 0.174 0 0.036 - 0.827 1 

CALR 
(exon 9) 
type 1 

0.977 0.495 0.07 0.607 0.151 0.827 - 1 

CALR 
(exon 9) 
type 2 

0.27 0.002 0.474 0.031 0.773 0.27 1 - 

 

 p< 0.05 consider significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. The P-value of sex, age, WBC, Hb, platelets, and mutations based on MPN and its sub-types

Kaifie A, Kirschner M, Wolf D, Maintz C, Hänel M, Gattermann N, et al. Bleeding, thrombosis, and anticoagulation in myeloproliferative neoplasms (MPN): analysis from the German SAL-MPN-registry. Journal of hematology & oncology. 2016;9(1):1-11.
Yassin MA, Taher A, Mathews V, Hou H-A, Shamsi T, Tuglular T, et al. Myeloproliferative neoplasms in Asia, including Middle East, Turkey, and Algeria: epidemiological indices and treatment practice patterns from the multinational, multicenter, observational MERGE registry. Blood. 2018;132:5461.
http://Ashorobi D, Gohari P. Essential thrombocytosis. StatPearls [Internet]. 2021.
Belcic Mikic T, Pajic T, Sever M. CALR mutations in a cohort of JAK2 V617F negative patients with suspected myeloproliferative neoplasms. Scientific reports. 2019;9(1):1-9. 
Zulkeflee RH, Zulkafli Z, Johan MF, Husin A, Islam MA, Hassan R. Clinical and laboratory features of JAK2 V617F, CALR, and MPL Mutations in Malaysian patients with classical myeloproliferative neoplasm (MPN). International journal of environmental research and public health. 2021;18(14):7582.
Kim BH, Cho Y-U, Bae M-H, Jang S, Seo E-J, Chi H-S, et al. JAK2 V617F, MPL, and CALR mutations in Korean patients with essential thrombocythemia and primary myelofibrosis. Journal of Korean medical science. 2015;30(7):882-8.
Loghavi S, Bueso-Ramos CE, Kanagal-Shamanna R, Young Ok C, Salim AA, Routbort MJ, et al. Myeloproliferative neoplasms with calreticulin mutations exhibit distinctive morphologic features. American journal of clinical pathology. 2016;145(3):418-27.
http://Lieu C-H, Shen Y-J, Lai W-C, Tsai W-H, Hsu H-C. Prevalence of MPL W515L/K mutations in Taiwanese patients with Philadelphia-negative chronic myeloproliferative neoplasms. Journal of the Chinese Medical Association. 2010;73(10):530-2.
Lin Y, Liu E, Sun Q, Ma J, Li Q, Cao Z, et al. The Prevalence of JAK2, MPL, and CALR mutations in Chinese patients with BCR-ABL1–negative myeloproliferative neoplasms. American journal of clinical pathology. 2015;144(1):165-71.
Kim BH, Cho Y-U, Bae M-H, Jang S, Seo E-J, Chi H-S, et al. JAK2 V617F, MPL, and CALR mutations in Korean patients with essential thrombocythemia and primary myelofibrosis. Journal of Korean medical science. 2015;30(7):882-8.
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of ET and PMF (22, 23). This discrepancy can be 
because of sample size differences. Furthermore, no 
double mutations for JAK2, MPL, and CALR genes 
were found in the current study, just like Lang et al. 
who reported no concurrent mutations in MPL and 
CALR genes (17). The frequency of triple-negative 
mutations in this research were 26%, which was very 
similar to a Korean study (20%) (20) and a Malaysian 
one (27.7%) (12). While this frequency were lower 
in Indian (10–15%) and Slovenia PMN patients (17, 
24). In our investigation, Mutations were detected with 
allele-specific tests which merely evaluate hotspot 
mutations (25) and also gene sequencing for our target 
genes with more types of mutations like JAK2 (exon 
12) and CALR (exon 9). 

CONCLUSION

Despite of a small population, the data of current 
report is important as the first investigation of the 
frequency of JAK2, CALR, and MPL mutations related 
to the MPN  biological and clinical characteristics and 
its subtypes among Iranians. To sum up, the results of 
this study, as none of the MPN patients showed JAK2 
(exon 12), or MPL (exon 9 and 10) mutational status, it 
seems that they are not suitable diagnostic candidates.

Clinical practice points

In summary, we do not recommend analyses of 
JAK2, CALR, and MPL mutations for diagnosis of 
MPN and its subtypes among Iranians.
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