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ABSTRACT 

Aim: Polycythemia vera is a chronic myeloproliferative disease characterized by increased red 

cell mass and JAK2 mutation positivity. Transformation to myelofibrosis and acute leukemia 

is possible in patients with polycythemia vera. Oxidative stress causes DNA damage and might 

be a reason for malignant transformation. Thiol molecules can prevent the harmful effects of 

oxidative stress. Therefore, in this study, we aimed to analyze the state of thiol homeostasis in 

patients with polycythemia vera. 

Material and Methods: Thirty-one patients with polycythemia vera and 80 healthy volunteers 

were included in this study. Serum samples of the cases were stored until the end of the study. 

Native thiol, total thiol, disulfide, and ischemia modified albumin levels were determined. 

Results: The mean ischemia modified albumin (1.09±0.21 vs 0.67±0.08; p<0.001, mean 

disulfide (23.5±6.1 vs 10.7±2.6; p<0.001), the mean disulfide/native thiol ratio (5.6±1.1 vs 

3.1±1.2; p<0.001), the mean disulfide/total thiol ratio (5.0±0.9 vs 2.9±1.0; p<0.001), the mean 

native thiol (418.9±80.6 vs 371.4±103.7; p=0.024), the mean total thiol (466.0±89.8 vs 

393.0±105.5; p=0.001) and the mean disulfide/total thiol ratio (89.8±1.8 vs 94.1±2.0; p<0.001) 

were found higher in polycythemia vera patients. Ischemia modified albumin levels were also 

higher in high-risk polycythemia vera patients. Patients on ruxolitinib therapy had higher 

native thiol, total thiol and disulfide levels, and higher disulfide/native thiol and disulfide/total 

thiol ratios. 

Conclusion: Oxidative stress markers are still high in patients with polycythemia vera who 

were under treatment. Besides, ruxolitinib may be helpful to decrease oxidative stress in these 

patients. 
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ÖZ 

Amaç: Polisitemi vera, eritrosit artışı ve JAK2 mutasyonu pozitifliği ile karakterize olan  

kronik bir miyeloproliferatif hastalıktır. Polisitemi veralı hastalarda miyelofibroz ve akut 

lösemiye dönüşüm görülebilir. Oksidatif stres, DNA hasarına neden olur ve malign dönüşüme 

yol açabilir. Tiyol molekülleri, oksidatif stresin zararlı etkilerini önleyebilir. Bu nedenle, bu 

çalışmada polisitemi veralı hastalarda tiyol homeostazı durumunun analiz edilmesi amaçlandı. 

Gereç ve Yöntemler: Bu çalışmaya polisitemi veralı 31 hasta ve 80 sağlıklı gönüllü dahil 

edildi. Vakaların serum örnekleri toplanarak çalışma sonuna kadar saklandı. Doğal tiyol, 

toplam tiyol, disülfit ve iskemi modifiye albümin seviyeleri belirlendi. 

Bulgular: Ortalama iskemi modifiye albümin (1,09±0,21'e karşı 0,67±0,08; p<0,001), 

ortalama disülfit (23,5±6,1'e karşı 10,7±2,6; p<0,001), ortalama disülfit/doğal tiyol oranı 

(5,6±1,1'e karşı 3,1±1,2; p<0,001), ortalama disülfit/toplam tiyol oranı (5,0±0,9'a karşı 

2,9±1,0; p<0,001), ortalama doğal tiyol (418,9±80,6'ya karşı 371,4±103,7; p=0,024), ortalama 

toplam tiyol (466,0±89,8 393,0±105,5; p=0,001) ve ortalama disülfit/toplam tiyol oranı 

(89,8±1,8'e karşı 94,1±2,0; p<0,001) polisitemi vera hastalarında daha yüksek idi. İskemi 

modifiye albümin düzeyleri ayrıca yüksek riskli polisitemi vera hastalarında daha yüksek idi. 

Ruksolitinib tedavisi alan hastalar daha yüksek doğal tiyol, toplam tiyol ve disülfit seviyeleri 

ile daha yüksek disülfit/doğal tiyol ve disülfit/toplam tiyol oranlarına sahipti. 

Sonuç: Tedavi altında olan polisitemi veralı hastalarda oksidatif stres belirteçleri hala 

yüksektir. Ayrıca, ruxolitinib bu hastalarda oksidatif stresi azaltmak için faydalı olabilir. 

Anahtar kelimeler: Disülfit; polisitemi vera; oksidatif stress; tiyol. 
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INTRODUCTION 

Polycythemia vera (PV) is one of the chronic 

myeloproliferative neoplasms (MPNs), which presents 

with increased hemoglobin levels. The clonal proliferation 

of myeloid cells in bone marrow is the leading cause of 

this disease. The most important feature that distinguishes 

PV from other chronic MPNs is increased red blood cell 

mass. In almost all cases, the JAK2 V617F mutation is 

present. Due to the increased proliferation of progenitor 

cells, PV has the potential to transform into myelofibrosis 

and acute leukemia. Therapeutic phlebotomy, 

hydroxyurea, interferon, and ruxolitinib are the treatment 

options in patients with PV. Ruxolitinib is an inhibitor of 

janus-associated kinases and commonly used in 

hydroxyurea-resistant or hydroxyurea-intolerant patients. 

Although the consequences of tyrosine kinase activation 

caused by JAK2 mutation are well known, the exact 

mechanism of uncontrolled cell proliferation in PV is still 

incompletely understood (1). 

Oxidative stress is an imbalance between reactive oxygen 

species (ROS) and antioxidants (2). ROS contributes to 

DNA damage with toxic substances. There are several 

mechanisms to protect the organism against the unfavorable 

effects of ROS. Thiol compounds that contain sulfhydryl 

groups are among these mechanisms. ROS oxidizes the thiol 

groups and forms reversible disulfide bonds. Antioxidants 

degrade the disulfide bonds to thiol groups again, and thus 

thiol/disulfide homeostasis is maintained (3,4). This 

homeostasis has an essential role in regulating apoptotic 

pathways, signal transmission, and transcription. Abnormal 

dynamic thiol/disulfide hemostasis has been shown in 

several diseases such as solid malignancies, cardiovascular 

diseases, rheumatoid arthritis, myelodysplastic syndrome, 

Alzheimer's disease, and diabetes mellitus (5-10). 

In ischemia conditions, free oxygen radicals modify the  

N-terminal of the albumin, and this new form is referred to 

as ischemia modified albumin (IMA) (11). Several studies 

suggested that IMA could be used as a marker for 

oxidative stress in diseases such as acute coronary 

syndrome, diabetes mellitus, preeclampsia, and acute 

pancreatitis (12-14). 

We could not find any study about thiol compounds and 

IMA levels in patients with PV. Therefore, we aimed to 

analyze the thiol/disulfide homeostasis and IMA levels in 

patients with PV. 

 

MATERIAL AND METHODS 

Thirty-one patients who were being followed at Mersin 

University, Department of Hematology, and 80 healthy 

volunteers, were included in this study. The inclusion 

criteria for patient group were as follows: being over 18 

years old, being diagnosed with PV and signing the 

informed consent form. PV diagnosis was confirmed by 

bone marrow samples, JAK2 V617F and JAK2 exon12 

mutation status according to the 2016 World Health 

Organization diagnostic criteria. Patients who did not sign 

the informed consent form, and those who are currently 

using antioxidant drugs (statin, etc.) were excluded from 

the study. Between November 2020 and January 2021, 

blood samples were collected from patients who came to 

our clinic for control. 

Management of patients with PV is based on a risk-

adopted approach. Patients who are ≤60 years old with no 

history of thrombosis are classified as low risk; all others 

are considered high-risk (15). Thiol, disulfide, and IMA 

changes according to risk stratification were evaluated. In 

addition, patients were grouped according to the four 

different types of treatment (therapeutic phlebotomy, 

hydroxyurea, ruxolitinib, and pegylated interferon) they 

used. 

This study was conducted in accordance with the 

Declaration of Helsinki. It was approved by the Mersin 

University Ethics Committee (decision date: 14.10.2020 

no: 2020/708). Written informed consent of all patients 

and controls were obtained. 

Biochemical Evaluation 

Blood samples were taken following overnight fasting. The 

blood samples were centrifuged at 4000 rpm for 10 minutes, 

and the serum samples were separated. Serum samples were 

stored at -80 °C until all blood samples were collected. 

IMA Measurement 

IMA measurements were made by the ELISA method, and 

the results were given in ng/mL. 

Dynamic Thiol/Disulfide Homeostasis 

The thiol/disulfide homeostasis tests were studied with a 

new method previously described by Erel et al. (16). To 

mention briefly, reducible disulfide bonds were reduced to 

form free functional thiol groups using sodium 

borohydride. Formaldehyde was used to remove residual 

sodium borohydride and 5,5'-disulfanediylbis (2-

nitrobenzoic acid) products. Later, both reduced and native 

natural thiol groups were determined. The amount of 

dynamic disulfide was acquired by dividing the variance 

between total and natural thiol. Disulfide/total thiol, 

disulfide/native thiol, and native thiol/total thiol levels 

were calculated as percentages. 

Disulfide levels, disulfide/native thiol, and disulfide/total 

thiol ratios, native thiol/total thiol levels were compared in 

PV patients and the control group. The clinical relationship 

between disulfide, disulfide/native thiol, and 

disulfide/total thiol levels and PV risk stratification was 

investigated. Also, levels of thiol compounds and IMA 

levels were evaluated according to treatment modality in 

PV patients. 

Statistical Analysis 

Shapiro-Wilk test was used to control the normal 

distribution of data. Mean and standard deviation were 

given for parameters suitable for normal distribution, 

median and interquartile range values were given for the 

data that were not normally distributed. Number and 

percentage values were presented as descriptive statistics 

for variables in a categorical structure. The Student’s t-test 

was used to compare two groups with a normal 

distribution. For groups that were not normally distributed, 

Mann-Whitney U test was used. The Pearson correlation 

coefficient was used to compare the relationships between 

variables. In assessing the data, SPSS v.22 statistical 

package program has been used. Statistical significance 

was taken as p<0.05. 

 

RESULTS 

Some demographic and clinical characteristics of the 

patients were presented in Table 1. The mean IMA 

(1.09±0.21 vs 0.67±0.08; p<0.001, mean disulfide 

(23.5±6.1 vs 10.7±2.6; p,0.001), the mean disulfide/native 
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thiol ratio (5.6±1.1 vs 3.1±1.2; p<0.001), the mean 

disulfide/total thiol ratio (5.0±0.9 vs 2.9±1.0; p<0.001), 

the mean native thiol (418.9±80.6 vs 371.4±103.7; 

p=0.024), the mean total thiol (466.0±89.8 vs 

393.0±105.5; p=0.001) and the mean disulfide/total thiol 

ratio (89.8±1.8 vs 94.1±2.0; p<0.001) were found higher 

in PV patients. The mean WBC, neutrophile, and platelet 

counts were higher, while the mean lymphocyte count and 

hemoglobin level were lower in the PV group (Table 2). 

Three (9.7%) of the patients were on phlebotomy treatment 

when needed, 22 (70.9%) of the patients were under 

 

 

 

Table 1. Demographic and clinical characteristics of the patients 
 PV (n=31) Control (n=80) 

Age (year), mean±SD 60.2±14.7 54.5±17.4 

Gender, n (%) 

     Female 

     Male 

12 (38.7%) 

19 (61.3%) 

23 (28.8%) 

57 (71.2%) 

Current Treatment, n (%) 

     Therapeutic Phlebotomy 

     Hydroxyurea 

     Ruxolitinib 

     Pegylated-Interferon 

3 (9.7%) 

22 (70.9%) 

5 (16.1%) 

1 (3.2%) 

- 

PV: Polycythemia vera, SD: standard deviation 

 

 

Table 2. Laboratory parameters of the patients 

 PV (n=31) Control (n=80) p 

IMA (ng/mL) 1.09±0.21 0.67±0.08 <0.001 

Native thiol (mmol/L) 418.9±80.6 371.4±103.7 0.024 

Total thiol (mmol/L) 466.0±89.8 393.0±105.5 0.001 

Disulfide (mmol/L) 23.5±6.1 10.7±2.6 <0.001 

SH/TT (%) 89.8±1.8 94.1±2.0 <0.001 

SS/TT (%) 5.0±0.9 2.9±1.0 <0.001 

SS/SH (%) 5.6±1.1 3.1±1.2 <0.001 
PV: polycythemia vera, IMA: ischemia modified albumin, SH/TT: native thiol/total 

thiol, SS/TT: disulfide/total thiol, SS/SH: disulfide/native thiol 

hydroxyurea treatment, 5 (16.1%) of the patients had 

started on ruxolitinib, and 1 (3.2%) of the patients was 

under pegylated interferon therapy (Table 1). 

Patients who were on ruxolitinib had higher native thiol, 

total thiol, disulfide, disulfide/native thiol, disulfide/total 

thiol, IMA, and lower native thiol/total thiol (Figure 1). 

The difference in terms of IMA levels was statistically 

significant (p=0.009). 

Twenty (38.7%) of the patients had low-risk disease, while 

19 (61.3%) had high-risk disease. Mean thiol parameters, 

according  to  PV  risk  stratification,  were  revealed  in 

Table 3. There was no statistically significant difference 

between low-risk and high-risk patients in terms of native 

thiol, total thiol, disulfide, disulfide/native thiol, 

disulfide/total thiol, and native thiol/total thiol. On the 

other hand, mean IMA levels (0.99±0.16 vs. 1.15±0.21; 

p=0.045) were higher in high-risk patients. 

The mean spleen size of the patients was 135.2±27.3 mm. 

Spleen size was negatively correlated with native thiol 

(r=0.396, p=0.027) and total thiol levels (r=0.399, 

p=0.026). Oher thiol parameters and IMA levels were not 

significantly associated with spleen size. 

 
 

 

 

Table 3. Laboratory parameters according to risk 

stratification in PV patients 

 
Low risk 

(n=12) 

High Risk 

(n=19) 
p 

IMA (ng/mL) 0.99±0.16 1.15±0.21 0.045 

Native thiol (mmol/L) 435.45±75.4 408.46±84.1 0.373 

Total thiol (mmol/L) 481.59±83.3 456.31±94.5 0.455 

Disulfide (mmol/L) 23.06±5.27 23.92±6.75 0.712 

SH/TT (%) 90.43±2.40 89.52±2.08 0.194 

SS/TT (%) 4.78±0.70 5.23±1.04 0.194 

SS/SH (%) 5.30±0.85 5.88±1.29 0.181 
PV: polycythemia vera, IMA: ischemia modified albumin, SH/TT: native thiol/total 

thiol, SS/TT: disulfide/total thiol, SS/SH: disulfide/native thiol 

 
 

 

   

   
Figure 1. Error bars showing differences between patients with polycythemia vera and control group in terms of 

laboratory parameters, IMA: ischemia modified albumin, SH/TT: native thiol/total thiol, SS/TT: disulfide/total thiol 
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DISCUSSION 

The results of this study have shown that IMA, native and 

total thiol, disulfide levels, disulfide/native thiol, and 

disulfide/total thiol ratios are elevated in PV patients. 

These results indicate that thiol/disulfide hemostasis shifts 

towards proliferation. 

Several studies report that oxidative stress could play a role 

in myeloproliferative neoplasms' etiopathogenesis (17-20). 

However, we could not find any studies about the dynamic 

thiol/disulfide homeostasis in PV patients. We believe that 

this is the first study about this issue. 

Oxidative stress and some genetic alterations in myeloid 

progenitor cells are related to myeloproliferative diseases. 

Some previous studies showed that oxidative stress 

markers other than thiol markers increase in patients with 

polycythemia vera (21,22). Cancer cells try to elevate their 

antioxidant capacities to adapt to oxidative conditions 

(23). The sulfhydryl groups of thiol compounds form a 

resistance mechanism against free oxygen radicals. The 

increase of free oxygen radicals due to the decrease in thiol 

levels causes obstacles in cellular pathways (24,25). 

Erel et al. (16) showed that plasma disulfide levels are 

higher in patients with inflammatory and malignant 

diseases. In our study, it was observed that plasma 

disulfide levels were higher in the patient group. It was 

also found that native and total thiol levels were 

significantly lower in the patient group. Previous studies 

showed that native and total thiol levels are markedly 

higher in malignant hematological diseases such as 

myelodysplastic syndrome and multiple myeloma (4,26). 

From this point of view, it is seen that the results in our 

study are similar to the literature. 

Ruxolitinib is an advanced treatment in patients with PV 

who are unresponsive to first-line therapies such as 

Therapeutic phlebotomy, hydroxyurea, and interferon. 

Although patients who were on ruxolitinib are resistant to 

other treatments, they had better oxidative stress results. 

This situation may prove that ruxolutinib is also effective 

on oxidative stress. Besides, higher IMA levels in these 

patients may be related to the fact that they had a worse 

prognosis than others. Since only five patients on 

ruxolitinib were included in this study, studies involving 

more patients are needed. 

One of the most significant limitations of our study was 

that patients were not newly diagnosed. All of them had 

under a treatment modality. Moreover, the number of 

patients was small. New prospective studies should be 

designed to show thiol changes before and after treatment. 

 

CONCLUSION 

This study is critical because it supports that oxidative 

stress is still worse in patients with PV, even if they are 

under treatment. Additionally, ruxolitinib may be essential 

to decrease oxidative stress in these patients. With 

multicenter prospective and randomized controlled studies 

in the future, we believe that the importance of 

thiol/disulfide hemostasis will be better understood. 
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