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SUMMARY
Background: The trio Essential Thrombocytosis (ET), Polycythemia Vera (PV), and Primary Myelofibrosis (PM)
are BCR-ABL negative myeloproliferative neoplasms. All three diseases have the risk of transforming into acute
leukemia. Oxidative stress and some genetic mutations increase the risk of leukemic transformation. The median
age in patients with ET, PV, and MF is around 64 years, and it is expected to exceed 65 in the coming years. Since
oxidative stress increases with age, we aimed to evaluate the oxidative stress parameters in older patients with myeloproliferative neoplasms.
Methods: The study included a total of 160 patients (57 patients with Essential Thrombocytosis, 52 patients with
Primary Myelofibrosis, and 51 patients with Polycythemia Vera) and 56 healthy controls, aged 65 and over. Ischemia Modified Albumin (IMA) and thiol parameters (native thiol, total thiol, and disulfide) were studied from serum samples taken at the time of diagnosis.
Results: The median age of the patients was 69 (65 - 85) years. Patients had higher levels of IMA and lower levels
of thiol compared to the control group (p < 0.001). When evaluated according to disease subgroups, it was observed that the highest IMA levels and the lowest thiol levels were in patients with PM (p < 0.001). Higher IMA levels
and lower native thiol levels were found in patients with the ASXL1 mutation (p < 0.001).
Conclusions: Serum IMA and thiol levels are also significantly changed in older patients with BCR-ABL negative
myeloproliferative neoplasia. Changes in these markers are independent of age. Disease-associated mutations such
as ASXL1 can also affect the serum levels of these markers.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2021.210324)
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INTRODUCTION
There are four classic myeloproliferative disorders:
Polycythemia Vera (PV), Essential Thrombocytosis
(ET), Primary Myelofibrosis (PM), and Chronic Myeloid Leukemia (CML). In these disorders the BCR-ABL
fusion gene is only found in CML. Among the remain-

_______________________________________________________
Manuscript accepted April 30, 2021

Clin. Lab. 12/2021

1

M. B. Koyuncu et al.

ing three conditions, there are common mutations involved in their pathogenesis. JAK2 mutation is one of
them. It is present in almost all cases with PV and 60 65% of those with PM and ET [1]. While the CALR
mutation is seen in 20 - 25% of the patients with ET and
PM; the MPL mutation is seen in 3% and 7% of the patients with ET and PM, respectively [2]. JAK2, CALR,
and MPL mutations are known as driver mutations in
myeloproliferative neoplasms as they start the proliferation of myeloid cells in the bone marrow by activating
the JAK/STAT pathway [3]. ET and PV are diseases
that may transform into both PM and acute leukemia.
Among the myeloproliferative neoplasms, leukemic
transformation is more common in patients with PM. In
PM, the most common cause of death is leukemic transformation [4]. Therefore, predicting the clinical course
and transformation into acute leukemia in patients with
PM is important. The role of high molecular risk mutations such as the ASXL1 mutation has been gaining
more importance in recent years. ASXL1 mutation is
present in 20 - 35% of patients with PM, 7% of patients
with PV, and 4% of patients with ET [5]. Tefferi et al.
found that while median overall survival was 2.3 years
in ASXL1 (+) and CALR (-) patients, it was 10.4 years
in ASXL1 (-) and CALR (+) patients [6]. Once the
prognostic significance of ASXL1 mutation is understood, it will be included in the new prognostic scores
[7].
Many studies show that oxidative stress may also play a
role in myeloproliferative neoplasm's pathogenesis [810]. Even in some studies, it has been suggested that oxidative stress could be predictive of transforming these
patients into PM and acute leukemia [11].
Oxidative stress occurs when the balance between oxidant and antioxidant substances is disturbed. Many molecules in the literature can be used as an oxidative stress
marker. Malondialdehyde, total homocysteine, glutathione peroxidase 1, and superoxide dismutase 2 are just a
few of them. The most crucial problem of oxidative
stress biomarkers is that they are affected by variables
such as diet, lifestyle, age, and laboratory work methods. Therefore, an oxidative biomarker used in routine
practice has not been found yet [12]. Thiol compounds
are one of these oxidative stress markers. Free radicals
oxidize the thiol groups and form reversible disulfide
bonds. When disulfide bonds meet with antioxidant substances, they degrade into thiol groups, and thus hemostasis is maintained [13]. Oxidative stress creates an ischemia-like environment, especially in tumor cells. In
ischemic conditions, albumin modified by free radicals
is called ischemia modified albumin (IMA) [14]. Previous studies suggested that IMA could be used as an indicator for increased oxidative stress in many disorders
such as acute coronary syndrome and diabetes mellitus
[15-17]. There is no study showing the relationship between IMA levels and myeloproliferative disorders.
One of the features that limit oxidative stress markers in
clinical practice is that the measurement methods are
time-consuming and relatively expensive. Recently,

Erel et al. developed a new, inexpensive, and simple automated spectrophotometric method to measure thiol
compounds [18]. Clinical studies have confirmed that
this method has significant results in many diseases [1923].
This study aims to assess the change of thiol hemostasis
measured with this new method in older patients with
MPN to reduce the possibility of change with age. The
secondary purpose is to examine the associations with
disease subtypes and genetic features.

MATERIALS AND METHODS
The patients included in the study applied to the Mersin
University Hematology outpatient clinic, which is the
only tertiary hematology center in the Mersin region,
between January 2019 and December 2020. The study
included 57 patients with essential thrombocytosis, 52
patients with primary myelofibrosis, 51 patients with
polycythemia vera, and 56 healthy controls, aged 65 and
over. The diagnoses of the patients were confirmed according to the 2016 WHO diagnostic criteria. All of the
patients were newly diagnosed patients. Patients under
65 years of age and those using antioxidant drugs (statins, N-acetylcysteine, NSAIDs) were excluded. Healthy
controls were individuals without known chronic diseases and who did not use regular medication. After
confirming the diagnoses, a blood sample was taken
from each patient before starting treatment. After the
samples were centrifuged, the separated serums were
stored at -80℃. Disease-related genetic mutations
(JAK2, CALR, MPL, ASXL1) of the patients were recorded.
IMA measurements were made by the ELISA method,
and the results are given in ng/mL. Disulfide and thiol
tests were studied with a novel technique described by
Erel et al. [18]. Total thiol, native thiol, disulfide levels
were given in mmol/L. Native thiol/total thiol, disulfide/
total thiol, disulfide/native thiol ratios were calculated
and shown as percentages.
This study was approved by the local ethics committee
(2020/709) and conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all healthy controls and patients.
Statistical method
Data distribution characteristics were evaluated with the
Kolmogorov-Smirnov test, skewness and kurtosis assessment, coefficients of variations, probability plots,
and histograms. The data showing normal distribution
were reported as mean and standard deviation, and the
data without normal distribution were reported as median (minimum-maximum). Student’s t-test was used to
compare continuous variables for independent samples.
The Fisher's exact tests and chi-squared test were used
to compare groups with categorical variables between
groups. The Mann-Whitney U test was performed to
compare groups that did not show normal distribution
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Table 1. Comparison of ischemia modified albumin and thiol parameters with the control group and total patient group.
Control

Patient

p-value

Median

Min

Max

Median

Min

Max

IMA (ng/mL)

0.67

0.32

0.83

0.75

0.49

1.49

p < 0.001

Native thiol (mmol/L)

431.38

415.15

871.40

299.90

111.70

565.80

p < 0.001

Total thiol (mmol/L)

466.42

428.80

921.10

331.00

135.40

624.70

p < 0.001

Disulfide (mmol/L)

18.25

3.04

27.65

14.77

4.26

32.40

p = 0.258

Disulfide/native thiol (%)

4.20

0.71

6.46

4.92

1.70

19.39

p < 0.001

Disulfide/total thiol (%)

3.87

0.70

5.72

4.50

1.70

13.97

p < 0.001

Native/total thiol (%)

92.26

88.55

98.60

91.04

72.06

96.60

p < 0.001

Abbreviations: IMA - ischemia modified albumin.

Table 2. The change of ischemia modified albumin and thiol parameters according to the disease subtypes.
ET (n = 57)

PM (n = 52)

PV (n = 51)

Median (min - max)

Median (min - max)

Median (min - max)

IMA (ng/mL)

0.71 (0.49 - 1.49)

1.03 (0.75 - 1.29)

0.71 (0.49 - 0.93)

p < 0.001 b

Native thiol (mmol/L)

307.15 (281.60 - 323.50)

270.25 (111.70 - 565.80)

304.50 (270.90 - 315.80)

p < 0.001 b

Total thiol (mmol/L)

341.40 (306.90 - 372.50)

299.55 (135.40 - 624.70)

336.40 (283.00 - 369.28)

p < 0.001 b

Disulfide (mmol/L)

15.63 (6.33 - 29.63)

14.73 (4.26 - 32.40)

14.66 (6.07 - 29.63)

p > 0.05

Disulfide/native thiol (%)

5.24 (2.03 - 9.80)

5.10 (1.70 - 19.39)

4.69 (2.03 - 9.80)

p > 0.05

Disulfide/total thiol (%)

4.75 (1.95 - 8.20)

4.65 (1.70 - 13.97)

4.29 (1.95 - 8.20)

p > 0.05

Native/total thiol (%)

90.51 (83.61 - 96.10)

90.75 (72.06 - 96.60)

91.42 (83.61 - 96.10)

p > 0.05

p-value a

Abbreviations: IMA - ischemia modified albumin, ET - essential thrombocytosis, PM - primary myelofibrosis, PV - polycythemia vera.
a
The p-values belong to the comparisons between three groups made with the Kruskal-Wallis test. The Mann-Whitney U test was performed
to test the significance of pairwise differences using the Bonferroni correction to adjust for multiple comparisons.
b
The p-value of the pairwise comparisons between PM vs. ET and PM vs. PV. It means that the main difference is due to patients with PM.

Table 3. Distribution of mutations within the total patient group.
n

%

JAK2 mutation

105

65.6

ASXL1 mutation

27

16.9

CALR mutation

15

9.4

MPL mutation

7

4.4

Cases with no mutation detected

6

3.8

and analyze the significance of pairwise differences in
disease subgroups. The Kruskal-Wallis test was used to
compare parameters that did not show normal distribution with three or more groups.
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RESULTS
A total of 160 patients with a myeloproliferative disorder and 56 healthy controls were included in this study.
While the patient group's median age was 69 (65 - 85)
years, it was 71 (66 - 78) years in the control group.
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Table 4. The change of ischemia modified albumin and thiol parameters in patients with the ASXL1 mutation and ASXL1
naive patients.
ASXL1 (-) (n = 133)
Median

Minimum

ASXL1 (+) (n = 27)

Maximum

Median

Minimum

Maximum

p-value

IMA (ng/mL)

0.73

0.49

1.49

0.98

0.69

1.29

p < 0.001

Native thiol (mmol/L)

302.40

111.70

427.00

282.20

158.10

565.80

p < 0.001

Total thiol (mmol/L)

332.80

135.40

466.20

312.10

166.60

624.70

p = 0.046

Disulfide (mmol/L)

13.71

5.72

29.63

16.91

4.26

29.50

p = 0.226

Disulfit/native thiol (%)

4.66

2.03

19.39

5.83

2.69

9.80

p = 0.128

Disulift/total thiol (%)

4.26

1.95

13.97

5.22

2.55

8.20

p = 0.130

Native/total thiol (%)

91.48

72.06

96.10

89.56

83.61

94.89

p = 0.130

Figure 1. Box-plot graphs showing the change of IMA, native thiol, and total thiol levels in disease subtypes.
Abbreviations: IMA - ischemia modified albumin, ET - essential thrombocytosis, PM - primary myelofibrosis, PV - polycythemia vera.
It is seen that the significant differences seen in Table 2 are caused by patients with PM.

Eighty-seven (54.4%) of the patients and 31 (55.4%) of
the control group were female.
When the patient and control groups were compared in
terms of the measured parameters, it was found that the
parameters except disulfide showed a statistically significant difference between the patient and control
groups (Table 1).
When oxidative stress parameters were compared according to disease types, statistically significant differences were found in IMA, native thiol, and total thiol
levels (Table 2). In pairwise comparisons, it was realized that this significant difference was due to the results
of patients with PM. The comparisons between PM and
ET and between PM and PV were statistically significant (p < 0.001), and no significant difference was
found in the comparisons between ET and PV (p >
0.05) in terms of IMA, native thiol, and total thiol levels
(Table 2 and Figure 1).
The genetic mutations detected in the patients are

shown in Table 3. When IMA and thiol parameters were
compared according to genetic mutations in patients, it
was found that there was a statistically significant difference in terms of IMA, native thiol, and total thiol in
cases with the ASXL1 mutation (Table 4). In the presence of other mutations, no significant difference was
found between the parameters studied.

DISCUSSION
DNA is one of the cellular structures affected by oxidative stress. It has been shown in many studies that the
increase in free oxygen radicals causes structural DNA
damage. Because of this feature, it has been suggested
that oxidative stress may play a role in the etiopathogenesis of many cancer types [24]. Since the relationships of oxidative stress with aging and antioxidant
drugs are known, we think it is necessary to minimize
4
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the effects of the age factor and antioxidant drug usage
on laboratory parameters in oxidative stress studies. To
the best of our knowledge, this study is the first study in
the BCR-ABL negative MPN patient group in which the
case and control group were over 65 years old. Exclusion of patients using antioxidant drugs and inclusion of
only newly diagnosed patients who have not yet started
treatment increased the strength of the study. This study
provides a significant contribution to the literature in
terms of showing that oxidative stress is increased in
older patients compared to the control older population.
Moreover, it is the first study in the literature to show
that patients with the ASXL1 mutation have significantly increased oxidative stress compared to ASXL1 naive
patients.
Although various scoring systems that integrate clinical
and genetic features are widely used to show the prognosis in myeloproliferative diseases, none of these
scores can precisely predict the clinical course. Among
myeloproliferative diseases, it is known that there is a
direct relationship between BCR-ABL copy number in
CML and leukemic transformation. CML is distinguished from other myeloproliferative disorders by this
aspect. Therefore, other myeloproliferative diseases are
referred to as bcr-abl negative myeloproliferative diseases. Our study aimed to evaluate BCR-ABL negative
myeloproliferative conditions in which prognostic
scores are not as straightforward as CML.
The median age in patients with ET, PV, and MF is
around 64 years, and it is expected to exceed 65 in the
coming years [25]. Moreover, it is known that overall
survival for all three diseases decreases with advancing
age [26]. Therefore, prognostic scores are needed to
predict the prognosis of these patients, especially in the
older patient group. Although the integration of oxidative stress markers into these scores seems quite logical
in the light of the evidence so far, the effect of oxidative
stress markers may decrease their reliability in this age
group. This study was designed to include only older
patients and controls to eliminate the effect of age on
oxidative stress.
As seen in Table 1, when we compare all disease subtypes with the control group collectively, we noticed
that all parameters except disulfide show that oxidative
stress increased significantly in these patients. Then,
when we compared the disease subtypes separately, we
observed that oxidative stress was more dominant in
myelofibrosis patients (Table 2). Among these three disease groups, the disease group with the lowest probability of survival is myelofibrosis. Since there is no chance
of allogeneic bone marrow transplantation in high-risk
myelofibrosis patients over 65 years of age, survival is
even lower [26]. In vitro studies have shown that oxidative stress triggers hypoxia in bone marrow stem cells in
myelofibrosis patients [27]. Hypoxia correlates with the
hypoxia inducible factor-alpha (HIF-a) level in these
patients and increases proteins involved in maintaining
the healthy environment of hematopoietic stem cells
such as FoxO3 [27-29]. The higher serum IMA levels in
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PM compared to ET and PV may indicate that the hypoxia environment is more severe in this patient group.
This may be one of the reasons for the higher frequency
of leukemic transformation in patients with PM.
Apart from the factors mentioned above, the genetic
characteristics of the disease may also affect oxidative
stress. An increase in oxygen free radical formation in
myeloproliferative conditions with JAK2 positivity was
previously shown [30]. CALR is a protein that drives
cell death through oxidative stress. It has been demonstrated that free radical-associated cellular toxicity and
oncogenic transformation are increased in the presence
of mutant CALR [31-33]. The ASXL1 mutation is also
known to decrease overall survival and increase leukemic transformation, especially in patients with myelofibrosis and MDS [34]. However, its relationship to oxidative stress is not clear yet. As seen in Table 4, we
found significant changes in oxidative stress parameters
and serum IMA levels in patients with the ASXL1 mutation when patients with ASXL1 mutation and non-patients were compared. We believe that this finding is
one of the most important results of this study. Although we know the effects of ASXL1 on prognosis, it
is unclear on what mechanism it causes this situation.
Based on these findings, it can be said that in vivo and
in vitro studies on oxidative stress are needed inpatients
with the ASXL1 mutation.
Although there are many studies on antioxidant drugs in
cancer treatment, the studies generally involve low patient numbers, and the results are conflicting [35].
Therefore, the role of oxidative stress in the pathogenesis of the disease should be fully revealed after limiting
all the factors that may affect oxidative stress, such as
age. Then studies should be planned on the effects of
antioxidant treatments. Ruxolitinib is a JAK1/JAK2 tyrosine kinase inhibitor and is widely used in the management of PM and PV worldwide. It has been shown
that ruxolitinib reduces the production of superoxide
from monocytes, and it is thought that it may have antioxidant properties [12]. In light of all these, prospective
studies comparing pre-treatment and post-treatment parameters can be designed to understand how ruxolitinib
changes oxidative stress parameters in these patients.
Our study had several limitations. First of all, the number of patients was relatively small. Studies with higher
patient numbers may facilitate interpreting the results
regarding the effects of relatively rare genetic factors on
oxidative stress markers. Second, due to the short follow-up period, we could not provide data on overall survival and leukemic conversion of the patients. In order
to clearly understand the effect of oxidative stress markers on factors such as survival and leukemic transformation, controlled prospective studies aiming at the longterm follow-up of these patients are needed.

Source of Support:
The authors received no financial support for this research.

5

M. B. Koyuncu et al.

15. Karaşin SS, Çift T. The Role of Ischemia-modified Albumin as a
Biomarker in Preeclampsia. Rev Bras Ginecol Obstet 2020 Mar;
42(3):133-139 (PMID: 32232820).

Declaration of Interest:
The authors declare that they have no conflict of interest.

16. Oran I, Oran B. Ischemia-Modified Albumin as a Marker of
Acute Coronary Syndrome: The Case for Revising the Concept of
"N-Terminal Modification" to "Fatty Acid Occupation" of Albumin. Dis Markers 2017;2017:5692583 (PMID: 28356609).

References:
1.

Baxter EJ, Scott LM, Campbell PJ, et al. Acquired mutation of
the tyrosine kinase JAK2 in human myeloproliferative disorders.
Lancet 2005 Mar 19-25;365(9464):1054-61 (PMID: 15781101).

17. Sahin A, Turkoglu S, Tunc N, et al. Is ischemia-modified albumin a reliable tool for the assessment of acute pancreatitis? Ther
Clin Risk Manag 2018;14:627-635 (PMID: 29636618).

2.

Grinfeld J, Nangalia J, Baxter EJ, et al. Classification and Personalized Prognosis in Myeloproliferative Neoplasms. N Engl J Med
2018 Oct 11;379(15):1416-30 (PMID: 30304655).

18. Erel O, Neselioglu S. A novel and automated assay for thiol/disulphide homeostasis. Clin Biochem 2014 Dec;47(18):326-32
(PMID: 25304913).

3.

Hermouet S, Bigot-Corbel E, Gardie B. Pathogenesis of Myeloproliferative Neoplasms: Role and Mechanisms of Chronic Inflammation. Mediators Inflamm 2015;2015:145293 (PMID: 2653
8820).

19. Ali UM, Tombak A, Dagdas S, et al. Is dynamic thiol/disulfide
homeostasis associated with the prognosis of myelodysplastic
syndrome? J Med Biochem 2020 Sep 2;39(3):336-45 (PMID: 332
69022).

4.

Gangat N, Tefferi A. Myelofibrosis biology and contemporary
management. Br J Haematol 2020 Oct;191(2):152-70 (PMID: 32
196650).

5.

Alvarez Argote J, Dasanu CA. ASXL1 mutations in myeloid neoplasms: pathogenetic considerations, impact on clinical outcomes
and survival. Curr Med Res Opin 2018 May;34(5):757-63
(PMID: 28027687).

20. Demirseren DD, Cicek C, Alisik M, Demirseren ME, Aktas A,
Erel O. Dynamic thiol/disulphide homeostasis in patients with
basal cell carcinoma. Cutan Ocul Toxicol 2017 Sep;36(3):278282 (PMID: 28067074).

6.

Tefferi A, Guglielmelli P, Lasho TL, et al. CALR and ASXL1
mutations-based molecular prognostication in primary myelofibrosis: an international study of 570 patients. Leukemi 2014 Jul;
28(7):1494-500 (PMID: 24496303).

7.

Tefferi A, Guglielmelli P, Nicolosi M, et al. GIPSS: genetically
inspired prognostic scoring system for primary myelofibrosis.
Leukemia 2018 Jul;32(7):1631-42 (PMID: 29654267).

8.

Vener C, Novembrino C, Catena FB, et al. Oxidative stress is increased in primary and post-polycythemia vera myelofibrosis.
Exp Hematol 2010 Nov;38(11):1058-65 (PMID: 20655352).

9.

21. Dirican N, Dirican A, Sen O, et al. Thiol/disulfide homeostasis: A
prognostic biomarker for patients with advanced non-small cell
lung cancer? Redox Rep 2016 Sep;21(5):197-203 (PMID: 262007
61).
22. Eryilmaz MA, Kozanhan B, Solak I, Cetinkaya C D, Neselioglu
S, Erel O. Thiol-disulfide homeostasis in breast cancer patients. J
Cancer Res Ther 2019 Jul-Sep;15(5):1062-6 (PMID: 31603111).
23. Gulpamuk B, Tekin K, Sonmez K, et al. The significance of thiol/
disulfide homeostasis and ischemia-modified albumin levels to
assess the oxidative stress in patients with different stages of diabetes mellitus. Scand J Clin Lab Invest 2018 Feb-Apr;78(1-2):
136-42 (PMID: 29298534).
24. Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free radicals, metals and antioxidants in oxidative stress-induced cancer.
Chem Biol Interact 2006 Mar 10;160(1):1-40 (PMID: 16430879).

Musolino C, Allegra A, Saija A, et al. Changes in advanced oxidation protein products, advanced glycation end products, and snitrosylated proteins, in patients affected by polycythemia vera
and essential thrombocythemia. Clin Biochem 2012 Nov;45(1617):1439-43 (PMID: 22850610).

25. Tefferi A, Guglielmelli P, Larson DR, et al. Long-term survival
and blast transformation in molecularly annotated essential
thrombocythemia, polycythemia vera, and myelofibrosis. Blood
2014 Oct 16;124(16):2507-13; quiz 2615 (PMID: 25037629).

10. Kim JH, Chu SC, Gramlich JL, et al. Activation of the PI3K/
mTOR pathway by BCR-ABL contributes to increased production of reactive oxygen species. Blood 2005 Feb 15;105(4):171723 (PMID: 15486067).

26. Maffioli M, Orlandi E, Passamonti F. Chronic myeloproliferative
neoplasms in the elderly. Eur J Intern Med 2018 Dec;58:33-42
(PMID: 29793825).

11. Hole PS, Darley RL, Tonks A. Do reactive oxygen species play a
role in myeloid leukemias? Blood 2011 Jun 2;117(22):5816-26
(PMID: 21398578).

27. Miyamoto K, Araki KY, Naka K, et al. Foxo3a is essential for
maintenance of the hematopoietic stem cell pool. Cell Stem Cell
2007 Jun 7;1(1):101-12 (PMID: 18371339).

12. Allegra A, Pioggia G, Tonacci A, Casciaro M, Musolino C,
Gangemi S. Synergic Crosstalk between Inflammation, Oxidative
Stress, and Genomic Alterations in BCR-ABL-Negative Myeloproliferative Neoplasm. Antioxidants (Basel) 2020 Oct 23;9(11):
1037 (PMID: 33114087).

28. Barzilai A, Rotman G, Shiloh Y. ATM deficiency and oxidative
stress: a new dimension of defective response to DNA damage.
DNA Repair (Amst) 2002 Jan 22;1(1):3-25 (PMID: 12509294).
29. Tanno T, Matsui W. Development and maintenance of cancer
stem cells under chronic inflammation. J Nippon Med Sch 2011;
78(3):138-45 (PMID: 21720087).

13. Winterbourn CC, Hampton MB. Thiol chemistry and specificity
in redox signaling. Free Radic Biol Med 2008 Sep 1;45(5):549-61
(PMID: 18544350).

30. Hurtado-Nedelec M, Csillag-Grange MJ, Boussetta T, et al. Increased reactive oxygen species production and p47phox phosphorylation in neutrophils from myeloproliferative disorders patients with JAK2 (V617F) mutation. Haematologica 2013 Oct;
98(10):1517-24 (PMID: 23975181).

14. Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt-albumin
binding and its potential as a marker for myocardial ischemia-a
preliminary report. J Emerg Med 2000 Nov;19(4):311-5 (PMID:
11074321).

6

Clin. Lab. 12/2021

Oxidative Stress in Myeloproliferative Neoplasms

31. Zhang Y, Liu L, Jin L, et al. Oxidative stress-induced calreticulin
expression and translocation: new insights into the destruction of
melanocytes. J Invest Dermatol 2014 Jan;134(1):183-91 (PMID:
23771121).
32. Ihara Y, Urata Y, Goto S, Kondo T. Role of calreticulin in the
sensitivity of myocardiac H9c2 cells to oxidative stress caused by
hydrogen peroxide. Am J Physiol Cell Physiol 2006 Jan;290(1):
C208-21 (PMID: 16135540).
33. Araki M, Komatsu N. The role of calreticulin mutations in myeloproliferative neoplasms. Int J Hematol 2020 Feb;111(2):200-5
(PMID: 31848992).
34. Ricci C, Spinelli O, Salmoiraghi S, Finazzi G, Carobbio A,
Rambaldi A. ASXL1 mutations in primary and secondary myelofibrosis. Br J Haematol 2012 Feb;156(3):404-7 (PMID: 219236
51).
35. Imbesi S, Musolino C, Allegra A, et al. Oxidative stress in oncohematologic diseases: an update. Expert Rev Hematol 2013 Jun;
6(3):317-25 (PMID: 23782085).

Clin. Lab. 12/2021

7

