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Summary

Background: This study planned to investigate the relation-
ship of dynamic thiol/disulfide homeostasis with the prog-
nosis of myelodysplastic syndrome (MDS).

Methods: 80 patients who had been diagnosed with MDS
between 2012 and 2017 and who were older than 18
were included in the study together with 80 healthy control
subjects. The MDS diagnosis was confirmed using bone
marrow aspiration-biopsy immunostaining. Dynamic
thiol/disulfide homeostasis and ischemia-modified albumin
(IMA) levels were examined.

Results: The average IMA (0.71%0.08 vs. 0.67=0.09;
p=0.002), median disulfide (18.0 vs. 11.6; p<0.001),
median disulfide/native thiol (6 vs. 3; p<0.001), and
median disulfide/total thiol (5.4 vs. 2.9; p<0.001) were
found higher in the MDS patients compared to control
group, and the median hemoglobin, median white blood
cell count, median neutrophil count, median lymphocyte
count, average native thiol (290.7+48.5 vs. 371.5+103.8;
p<0.001), average total thiol (328.2+48.9 vs. 393+105.5;
p<0.001), and average native thiol/total thiol (%)
(88.3%£4.3vs. 94.2+2.1; p<0.001) were found to be low.
Risk factors such as collagen tissue disease (HR:9.17;
p=0.005), MDS-EB-1 (HR:10.14; p=0.032), MDS-EB-2
(HR:18.2; p=0.043), and disulfide/native thiol (HR:1.17;
p=0.023) were found as the independent predictors anti-
cipating progression to acute myeloid leukemia. In the Cox
regression model, risk factors such as age (HR:1.05;
p=0.002), MDS-EB-1 (HR:12.58; p<0.001), MDS-EB-2
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Kratak sadrzaj

Uvod: Plan ove studije je bio da istrazi vezu dinami¢ne
tiol/disulfidne homeostaze i prognoze mijelodisplasti¢nog
sindroma (MDS).

Metode: U istrazivanje je uklju¢eno 80 pacijenata kojima je
dijagnostifikovan MDS izmedu 2012. i 2017, starijih od 18
godina, i 80 zdravih kontrolnih ispitanika. MDS dijagnoza
je potvrdena imunoloskim bojenjem kostane srzi dobijene
aspiracionom biopsijom. Ispitani su dinami¢na tiol/disulfid-
na homeostaza i nivoi albumina modifikovanog ishemijom
(IMA).

Rezultati: Otkriveno je da su vrednosti prose¢nog IMA
(0,71 £ 0,08 nasuprot 0,67 = 0,09; p = 0,002), vrednost
medijane disulfida (18,0 naspram 11,6; p < 0,001) i disul-
fid/nativniog tiola (6 naspram 3; p < 0,001) i medijane
disulfid/ukupnog tiola (5,4 naspram 2,9; p < 0,001) vece
kod bolesnika sa MDS-om u poredenju sa kontrolnom
grupom. Takode, otkrivene su i niske vrednosti medijane
hemoglobina, belih krvnih zrnaca, neutrofila, limfocita,
prose¢nog nativnog tiola (290,7 = 48,5 naspram 371,5 +
103,8; p < 0,001), prose¢nog ukupnog tiola (328,2 *
48,9 u odnosu na 393 = 105,5; p <0,001) i prose¢nog
nativnog tiola/ukupni tiol (%) (88,3 = 4,3 prema 94,2 =+
2,1, p < 0,001). Faktori rizika poput bolesti kolagenskih
tkiva (HR: 9,17; p = 0,005), MDS-EB-1 (HR: 10,14; p =
0,032), MDS-EB-2 (HR: 18,2; p = 0,043), i disulfid/nativni
tiol (HR: 1,17; p = 0,023) su otkriveni kao nezavisni pre-
diktori koji predvidaju napredovanje do akutne mijeloidne
leukemije. Po Koksovom modelu regresije, faktori rizika
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(HR:5.75; p=0.033), disulfide/native thiol (HR:1.14;
p=0.040), and hemoglobin (HR:0.64; p=0.007) were
found as predictors anticipating for mortality.

Conclusions: We can argue that dynamic thiol/disulfide
homeostasis could have significant effects on both the
etiopathogenesis and the survival of patients with MDS,
and it could be included in new prognostic scoring systems.

Keywords: disulfide, mercaptan, myelodysplasia, oxida-
tive stress, thiol

Introduction

Myelodysplastic syndrome (MDS) is a heteroge-
neous clonal hemopoietic stem cell disease character-
ized by various levels of cytopenias and abnormal
myeloid cell differentiation and maturation in addition
to acute leukemia transformation risk. Although
cytopenia (anemia, neutropenia, and thrombocytope-
nia) is seen in MDS patients, the bone marrow (BM)
is often hypercellular and dysplastic, and the func-
tions of the blood cells in circulation are disrupted.
Although MDS could develop de novo, it could also
develop secondary to previously administered
chemotherapy and radiotherapy. All three of the ery-
throcytic, megakaryocytic, and granulocytic series in
the BM could be affected. It is a stealthy disease gen-
erally developing in men, with increasing incidence
rate as the age increases, and primarily seen above
65 years of age (1, 2).

There is no single factor responsible for MDS
etiopathogenesis. Alkylating agents, benzene, ioniz-
ing radiation, and other toxic chemical agents caus-
ing deformations in the DNA structure have all been
implicated in the etiopathogenesis. In addition, it is
thought that increased oxidative stress contributes to
DNA damage. The reactive oxygen species (ROS)
produced in all aerobic cells are removed by antioxi-
dants. Oxidative stress emerges with the disruption of
the balance between reactive oxygen production and
the antioxidant system. Reactive oxygen contributes
to DNA damage with toxic materials in oxidative dam-
age (3, 4). Several enzymatic and non-enzymatic
mechanisms are involved to protect the organism
against the harmful effects of ROS (5). One of these
antioxidant molecules is thiol, and these molecules
are compounds containing sulfhydryl groups, playing
a critical role in preventing oxidative stress. The pri-
mary targets of ROS are the sulfur groups containing
the amino acids of the proteins (cysteine, methion-
ine). The thiol groups are oxidized with the ROS that
form reversible disulfide bonds. This transformation is
the first discovered marker of radical-mediated pro-
tein oxidation. The disulfide bonds formed in this way
could be degraded to thiol groups again by several
antioxidants, and thus the thiol/disulfide homeostasis
is continued (6-9).

kao §to su starost (HR: 1,05; p = 0,002), MDS-EB-1 (HR:
12,58; p <0,001), MDS-EB-2 (HR: 5,75; p = 0,033),
disulfid/nativni tiol (HR: 1,14; p = 0,040) i hemoglobin
(HR: 0,64; p = 0,007) smatraju se prediktorima smrtnosti.
Zakljuéak: Mozemo tvrditi da bi dinamicka tiol-disulfidna
homeostaza mogla da ima znadajne efekte i na etiopato-
genezu i na preZivljavanje pacijenata sa MDS-om i da bi
mogla biti uklju¢ena u nove prognosti¢ke skoring sisteme.

Kljuéne reéi: disulfid, merkaptan, mijelodisplazija, oksi-
dativni stres, tiol

Dynamic thiol/disulfide homeostasis plays an
important role in intra- and intercellular signal trans-
mission, the regulation of apoptotic pathways,
enzyme activation and inhibition, and the regulation
of factors related to the oxidant-antioxidant system
and transcription (10). It has been shown that
anomalies in abnormal dynamic thiol/disulfide home-
ostasis are prominent in diseases such as malignities,
Alzheimer’s disease, hyperemesis gravidarum,
Friedreich’s ataxia, multiple sclerosis, diabetes melli-
tus, cardiovascular diseases, and rheumatoid arthritis
(11). However, we could not find any study on the
relationship between dynamic thiol/disulfide home-
ostasis and MDS. Therefore, this study aimed at
investigating the relationship of dynamic thiol/disul-
fide homeostasis with MDS prognosis.

Materials and Methods

The study was conducted retrospectively with
patients diagnosed with MDS in the Mersin University
Internal Diseases Department, Hematology Section.

The study included 80 patients above 18 years of
age diagnosed with MDS between 2012 and 2018,
together with 80 healthy control subjects. Individuals
were excluded from the study if they had acute or
chronic liver diseases, rheumatologic diseases, or
active infections; if they were using antioxidant sub-
stances or lipid-lowering drugs; or if they smoked, con-
sumed alcohol, or used vitamin supplements.

In addition to the demographic information of
the patients, their chronic diseases and accompany-
ing comorbidities were recorded. The MDS diagnosis
was confirmed using bone marrow (BM) aspiration-
biopsy immunostaining. Tissue samples were evaluat-
ed in line with the 2008 World Health Organization
classification. The International Prognosis Scoring
System (IPSS) and the Revised International Prog-
nosis Scoring System (R-IPSS) were used in prognos-
tic scoring with the addition of cytogenetic analysis,
the number of blasts in the BM, and the cytopenia
level. In the IPSS and R-IPSS, all three variables are
given a score from O to 2, and then the three values
are added, and the IPSS and R-IPSS scores are
obtained (12, 13).
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This study was conducted in compliance with
the principles of the Declaration of Helsinki and was
approved by the Mersin University Faculty of
Medicine’s Ethics Committee (ethical committee
decision date: 10.07.2019, 2019/300, no:
78017789/050.01.04/1102393)

Biochemical Evaluation

To measure the ischemia-modified albumin
(IMA) levels of all participants of the study, blood
samples were taken from the antecubital vein
between 08:00 and 10:00 a.m. following overnight
fasting. The blood samples were centrifuged at 4000
rpm for 10 minutes, and the serum and plasma sam-
ples were separated. Serum samples were stored at -
80 °C until all blood samples were collected.

Albumin was measured using the bromine
cresol green method with a Hitachi Modular P800
autoanalyzer (Roche Diagnostic Corp., Indianapolis,
IN, USA). The erythrocytes and thrombocytes were
measured using the impedance (resistance) method,
leukocytes were measured with the optical laser scat-
tering method, and other hemogram parameters
were measured using the Sysmex XE 2100 hematol-
ogy analyzer (Roche Diagnostic). Hemoglobin was
measured photometrically.

IMA measurement

The IMA levels were measured with a serum
ELISA kit. The results were expressed in ng/mL.

Dynamic thiol/disulfide homeostasis

Blood samples were taken from patients when
the MDS diagnosis was made to evaluate all serum
thiol types and disulfide levels, and fasting blood sam-
ples were also taken into sampling tubes from the
control subjects. After venous blood samples were
taken, they were stored for 20 minutes for clotting,
and the serum was separated by centrifugation at
1600 rpm for 10 minutes. Samples were then stored
at -80 °C until analysis. All samples were processed in
the same manner. After the study was finished, all
samples were thawed, and tests for thiol/disulfide
homeostasis were conducted. The thiol/disulfide
homeostasis tests were performed using a new auto-
matic and spectrophotometric method developed by
Erel and Neselioglu (10).

First, the free functional thiol groups were
extracted by the degradation of the disulfide bonds
using sodium borohydride. The unused reduced sodi-
um borohydride was suppressed with formaldehyde
to prevent the decrease of 5.5-dithiobis-(2-nitroben-
zoic acid) (DTNB). After the reaction with DTNB, the
total thiol groups, including both reduced and natural

thiol groups, were determined. Dynamic disulfide
amount was obtained by the division of the variance
between the total and the natural thiol. The disul-
fide/total thiol, disulfide/native thiol, and native
thiol/total thiol levels were calculated as percentages.

Statistical Analysis

Statistical analyses were conducted using SPSS
20 for Windows (IBM Corp., Armonk, NY, USA) and
MedCalc 11.4.2 (MedCalc Software, Mariakerke,
Belgium) software. The normal distribution of the
data was evaluated using the Kolmogorov-Smirnov
test. The normally distributed numerical variables
were presented as median * standard deviation, and
data that were not normally distributed were present-
ed as median (min-max). Categorical variables were
presented as number and percentage. For two-group
comparisons of independent samples in the analysis
of the numerical variables with normal distribution,
the t-test was used, and for those that did not present
normal distribution the Mann-Whitney U test was
used. In the comparison of three or more groups,
ANOVA (post hoc: Bonferroni test) was used for inde-
pendent samples in the analysis of the numerical vari-
ables with normal distribution, and the Kruskal-Wallis
H (post hoc: Dunn test) was used for those without
normal distribution. The chi-square test and Fisher
exact chi-square test were used for the comparison of
categorical values. The relationships between oxida-
tive stress parameters and numerical variables were
analyzed using Spearman correlation analysis.
Univariate Cox regression analysis was used in deter-
mining the potential factors affecting acute myeloid
leukemia (AML) transformation and mortality, and the
independent risk factors were defined by adding the
previously determined potential risk factors into the
multivariate Cox regression model. The prediction
values pertaining to the oxidative stress parameters
were analyzed with ROC curves. p<0.05 was
acknowledged as significant in the statistical analyses.

Results

The clinical demographics and laboratory find-
ings pertaining to the study population are presented
in detail in Table I. The average IMA (0.71+0.08 vs.
0.67+0.09; p=0.002), median disulfide (18.0 vs.
11.6; p<0.001), median disulfide/native thiol (6 vs.
3; p<0.001), and median disulfide/total thiol (5.4 vs.
2.9; p<0.001) were found higher in the MDS
patients, while the average hemoglobin (9.7 +1.8 vs.
15.1+0.6; p<0.001), median white blood cell
(WBC) count (3800 vs. 7500; p<0.001), median
neutrophil count (2000 vs. 4800; p<0.001), median
lymphocyte count (1470 vs. 2000; p<0.001), aver-
age native thiol (290.7+48.5 vs. 371.5+103.8;
p<0.001), average total thiol (328.2+48.9 vs. 393+
105.5; p<0.001), and average native thiol/total thiol
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Table | Clinical and laboratory findings of the study population.

. Total Control

Variables n=160 _ p
MDS n=80 n= 80

Age (Year) 54.5+17.4 66.6+11.5 64.4+13.5 0.268
Gender (%)
Female 51(31.9) 28(35.0) 23(28.8)
Male 109(68.1) 52(65.0) 57(71.3) 0.396
Albumin (g/L) 43+3 4.2+0.3 4.3+0.2 0.443
IMA, (ng/mL) 0.69+0.09 0.71+0.08 0.67+0.09 0.002*
Native thiol (umol/L) 331.1+90.3 290.7+48.5 371.5+103.8 <0.001*
Total thiol (umol/L) 360.6+88.2 328.2+48.9 393+105.5 <0.001*
Disulfide (wmol/L) 13.1(3-32.6) 18(10.7-32.6) 11.6(3-14) <0.001*
SS/SH (%) 4(0.7-19.4) 6(3.6-19.4) 3(0.7-10.6) <0.001*
SS/TT (%) 3.7(0.7-14) 5.4(3.4-14) 2.9(0.7-8.8) <0.001*
SH/TT (%) 91.2+4.5 88.3+4.3 94.2+21 <0.001*
WBC (x103 uL) 6200(1300-22000) 3800(1300-22000) 7500(3300-16900) <0.001*
Neutrophile (x103 pL) 3300(200-13600) 2000(200-9450) 4800(1300-13600) <0.001*
Lymphocyte (x103 uL) 1800(430-4200) 1470(430-3320) 2000(500-4200) <0.001*
Hemoglobin (x103 g/L) 12.4+3.1 9.7+1.8 15.1+0.6 <0.001*
Platelet (x103 L) 249.9(10-652.6) 98(10-626) 356.6(146.5-652.6) <0.001

*Parameters were expressed as mean = SD and median (interquartile range).

*P<0.05 is considered significant for statistical analyses.

Abbreviations: IMA: Ischemia Modified Albumin, WBC: White Blood Cell

(%) (88.3+4.3vs. 94.2+2.1; p<0.001) were found to
be lower.

The comorbidity distribution of the MDS
patients included hypertension in 67.5% (n: 52), car-
diac disease in 32.5% (n: 26), thyroid disease in
13.8% (n: 11), chronic obstructive pulmonary disease
(COPD) in 13.8% (n: 11), renal disease in 10% (n: 8),
cerebrovascular disease (CVD) in 5% (n: 4), and col-
lagen tissue disease in 5% (n: 4).

It was found that 6.3% of the MDS patients had
solid MDS, 31.3% had MDS with ring sideroblasts
(MDS-RS), 20% had MDS with multilineage dysplasia
(MDS-MLD), 25% had MDS with excess blasts-1
(MDS-EB-1), 8.8% had MDS with excess blasts-2
(MDS-EB-2), 2.5% had MDS with isolated del(5q),
and 6.3% had MDS of unclassifiable type. In the
MDS- EB-1 patients, the median disulfide level, disul-
fide/native thiol ratio, and disulfide/total thiol ratio
were higher compared to patients with the solid,
MDS-RS, and MDS-MLD types while the native
thiol/total thiol ratio was lower. In MDS-EB-1 patients,
the median disulfide level, disulfide/native thiol ratio,
and disulfide/total thiol ratio were found lower when
compared to the MDS-EB-2, del(5q), and unclassifi-
able types and the native thiol/total thiol ratio was
higher. In MDS patients with Int-2 IPSS scores, the

average native thiol level, average total thiol level, and
disulfide/total thiol ratio were found lower when com-
pared to patients with low and Int-1 IPSS scores, and
the median disulfide level, disulfide/native thiol ratio,
and disulfide/total thiol ratio were found higher. In
MDS patients with Int-1 and low IPSS scores, the
oxidative stress parameters did not show any signifi-
cant differences. In MDS patients with high R-IPSS
scores, the average native thiol level, average total
thiol level, and disulfide/total thiol ratio were found
lower compared to those of patients with other IPSS
scores, and the median disulfide level, disul-
fide/native thiol ratio, and disulfide/total thiol ratio
were found higher. The oxidative stress parameters
did not show any significant differences in patients
with other R-IPSS scores. No significant correlation
could be found between the cytogenetic parameters
and oxidative stress parameters. The disulfide level,
disulfide/native thiol ratio, and disulfide/total thiol
ratio were found lower in patients with EPO com-
pared to patients without, and no significant correla-
tion could be found between other oxidative stress
parameters (Table II).

The IMA levels of the MDS patients did not show
any significant correlations with the demographic find-
ings, clinical findings, or laboratory findings. Native
thiol level was positively correlated with albumin
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Table Il Distribution of oxidative stress parameters according to clinical features in MDS patients.

Variables " (%) Native Thiol b Total Thiol b Disulfide b S%/S b SSO/T b SHO/TT b
(umol/L) (umol/L) (umol/) (%) (%) (%)

MDS type

MDS-SId 5(6.3) | 307.3x19.4 336.7+x19.5 14.3(11.5-18.3) 4.3(3.9-5.9) 4.0(3.6-5.2) 91.3+x1.6

MDS-Rs 25(31.3) | 297.2+451 330.8+48.2 14.7(10.7-29.6) 4.6(3.6-10.6) 4.7(3.4-8.8) 89.7+x3.1

MDS-MLD 16(20.0) | 299.2+32.8 333.5+£29.5 15.8(12.1-26.1) 4.8(4.1-11.3) 4.3(3.8-9.2) 89.6+3.3

MDS-EB-1 20(25.0) | 276.2+59.8 | 0.587 316.5+60 0.862 | 20.3(11.9-32.6) | 0.005* | 6.6(3.9-19.4) [0.004* | 5.8(3.6-14) [0.004* | 86.7+4.8 | 0.003*

MDS-EB-2 7(8.8) |270.4x81.7 319.3£82.8 24.7(20.7-27.8) 8.2(6.5-19.4) 7.0(5.8-14) 84.6+2.5

Del(5q) 2(2.5) 305.4+8 355.9+£18.9 25.2(21.4-29.1) 8.2(7.1-9.4) 7.1(6.2-7.9) 84.9+2.3
Unclassifiable| 5(6.3) | 295.5+10.9 338.6x22.4 27.2(10.9-29.2) 9.3(3.7-9.7) 7.9(3.5-8.1) 84.7+2.7

IPSS

Low 35(43.2) | 295.4x37.3 331.3x41.5 14.9(10.7-29.6) 5.8(3.7-10.6) 5.2(3.4-8.8) 89.1+3.4

Int-1 37(46.3) | 293.4+41.0 [0.018*| 332.0+40.7 |0.085 | 16.4(11.5-32.6) | 0.010* | 6.4(3.9-13.4) |0.004* [5.6(3.6-10.5)[ 0.004* | 88.2+3.5 |<0.001*
Int-2 8(10.0) | 245.8+88.5 291.9+89.2 24.1(14.7-27.8) 8.6(5.7-19.4) 7.3(5.1-14) 82.6+7

R IPSS

Very low 15(18.8) | 289.5£52.0 325.3+56.1 15.6(10.9-29.6) 5.9(3.6-10.6) 5.3(3.4-8.8) 88.8+3.7

Low 36(45.0) | 304.7+24.4 |0.005*| 338.5+26.5 |0.037*|14.9(10.7-29.2) | 0.008 | 5.7(3.7-9.5) |0.001*|4.3(3.4-7.9) |0.001*| 90.0+2.8 |<0.001*
Intermediate | 15(18.8) | 294.1+42.3 3345432 16.4(11.9-28.8) 6.3(3.9-11.3) 5.7(3.6-9.2) 88.8+3.0

High 12(15.0) | 244.3+71.0 289.3x71.5 22.9(14.7-32.6) 9.1(5.5-19.4) 7.7(4.9-14) 83.4+6.1
Cytogenetic

Very good 3(3.7) |294.7x14.7 330.2+32.9 12.7(10.9-29.6) 4.2(3.9-9.7) 3.9(3.6-8.1) 89.6+5

Good 73(91.3) [ 291.1+45.5 | 0.099 | 328.3x45.7 [0.082| 18(10.7-32.6) | 0.48 | 6(3.6-19.4) | 0.747 | 5.3(3.4-14) | 0.747 | 88.4=3.9 | 0.187
Intermediate | 3(3.7) | 246x105.5 288.9+100.8 24.1(12.3-27.8) 9.3(3.9-19.4) 7.9(3.6-14) 83+10.4

Very poor 1(1.3) 383.7 4339 251 6.5 5.8 88.4
Erythropoietin

(+) 35(43.8) | 289.2+54.8 | 0.809 323.1x54 0.411 [ 15.1(10.7-29.6) | 0.017* | 4.8(3.6-19.4) [0.045* | 4.4(3.4-14) |0.045*| 89+4.6 | 0.151
=) 45(56.2) [ 291.9+43.7 332.2x44.6 20.9(10.9-32.6) 6.7(3.7-19.4) 5.9(3.5-14) 87.7x4
Hypometylating agent

Azacitidine 27(33.8) | 287.6+40.3 324.3+38.8 17.0(11.5-28.8) 6.1(3.6-11.3) 5.4(3.4-9.2) 88.5+3.4

Decitabine 19(23.8) | 286.8+73.3 [ 0.765 | 328.3x71.5 |0.863[20.8(12.1-32.6)| 0.129 |6.4(4.1-19.4) | 0.249 [5.7(3.8-14.0)| 0.249 | 86.4x6.2 | 0.07

=) 34(42.4) | 295.4x37.3 331.3x41.5 14.8(10.7-29.6) 5.8(3.7-10.6) 5.2(3.4-8.8) 89.7+3.4
Imid-treatment

(+) 3(3.8) | 303.3x71.4|0.649| 345.9%76.8 |0.525|22.5(16.3-25.1)| 0.303 | 6.5(5.8-9.1) | 0.514 |5.8(5.2-7.7)| 0.514 | 87.5+2.6 | 0.763
=) 77(96.3) | 290.2+481 327.5x48.1 18(10.7-32.6) 6(3.6-19.4) 5.3(3.4-14) 88.3+x4.4

Immunosuppressive treatment
(+) 9(11.3) | 283.7x26 |0.650
(=) 71(88.7) | 291.6+50.7

322+25.2 0.686 19.5(12.7-27.8) | 0.79 | 6.5(4.2-9.3) | 0.626 |5.8(3.8-7.9)| 0.626 | 88.1+3.1 | 0.891
329+51.1 18(10.7-32.6) 6(3.6-19.4) 5.3(3.4-14) 88.3+4.4

Parameters were expressed as mean = SD and median (interquartile range), *P < 0.05 is considered significant for statistical analysis.
Abbreviations: MDS, Myelodysplastic Syndrome; IPSS, International Prognosis Scoring System; R-IPSS, Revised International Prognosis Scoring
System.

(r=0.348; p=0.002) and negatively correlated with
platelet level (r=0.300; p=0007); a negative correla-
tion was found between IPSS score (r=-0.308;
p=0.042), R-IPSS score (r=-0.306; p=0.044), and
BM blasts (r=-0.300; p=0.026). The total thiol level
was positively correlated with albumin (r=0.328;
p=0.003) and platelet level (r=0.310; p=0.005) and
negatively correlated with BM blasts (r=-0.308;
p=0.048). Disulfide level was positively correlated with
IPSS score (r=0.399; p<0.001) and R-IPSS score
(r=0.331; p=0.003) and negatively correlated with
neutrophil count (r= -0.306; p=0.026), hemoglobin
level (r=-0.307; p=0.018), and BM blasts (r=-0.300;
p=0.026). The disulfide/native thiol ratio was positive-
ly correlated with the IPSS score (r=0.506; p<0.001),

R-IPSS score (r=0.413; p<0.001), and BM blast level
(r=0.384; p<0.001) and negatively correlated with
hemoglobin level (r=-0.295; p=0.036). The disul-
fide/total thiol ratio was positively correlated with IPSS
score (r=0.501; p<0.001), R-IPSS score (r=0.417;
p<0.001), and BM blast level (r=0.383; p<0.001)
and negatively correlated with hemoglobin level (r=-
0.296; p=0.030). The disulfide/total thiol ratio was
positively correlated with hemoglobin level (r= 0.308;
p=0.016) and negatively correlated with IPSS score
(r=-0.407; p<0.001), R-IPSS score (r=-0.347;
p<0.001), and BM blast level (r=-0.330; p<0.001).

The potential risk factors related to progression
to AML are presented in Table Ill. These potential risk
factors were determined as hypertension, collagen tis-
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Table Il Possible risk factors associated with the development of AML.
Variables AML Univariable
(=) (+) HR 95% Cl )
Age, (Year) 66.2+10.7 67.7+13.9 1.01 0.97-1.05 0.709
Gender, (%)
Female 23(38.3) 5(25.0) ref
Male 37(61.7) 15(75.0) 1.55 0.56-4.27 0.397
Cancer, (%) 2(3.3) 3(15.0) 4.70 1.35-16.32 0.015*
Diabetes Mellitus, (%) 17(28.3) 8(40.0) 1.55 0.63-3.85 0.344
Hypertension, (%) 34(56.7) 18(90.0) 6.37 1.47-27.65 0.014*
Cardiac disease, (%) 14(23.3) 12(60.0) 3.05 1.25-7.45 0.015*
CVE, (%) 2(3.3) 2(10.0) 3.53 0.80-15.53 0.095
COPD, (%) 8(13.3) 3(15.0) 1.44 0.42-4.97 0.568
Renal disease, (%) 6(10.0) 2(10.0) 1.45 0.33-6.34 0.623
Thyroid disease, (%) 11(18.3) - 0.04 0.01-9.90 0.251
Collagen Tissue Disease, (%) 1(1.7) 3(15.0) 8.71 2.29-33.11
0.001* MDS Type, (%)
Low risk types 34(56.7) 3(15.0) ref
MDS-MLD 15(25.0) 1(5.0) 0.10 0.01-17.50 0.956
MDS-EB-1 9(15.0) 11(55.0) 11.56 2.56-52.18 0.001*
MDS-EB-2 2(3.3) 5(25.0) 35.34 6.71-186.04 | <0.001*
IPSS score 0(0-1.5) 1(0-2) 9.23 4.0-21.28 <0.001*
R-IPSS score 2(1-5.5) 4.5(1-8.5) 2.05 1.55-2.70 <0.001*
IPSS category (%)
Low 34(56.7) - ref
Int-1 26(43.3) 11(55.0) 3.76 1.05-13.55 0.043*
Int-2 2(3.3) 6(30.0) 30.84 7.33-129.81 <0.001*
R-IPSS category (%)
Very low 14(23.3) 1(5.0) ref
Low 31(51.7) 5(25.0) 213 0.2-18.41 0.493
Intermediate 9(15.0) 6(30.0) 5.68 0.67-48.42 0.112
High 6(10.0) 6(30.0) 13.21 1.54-113.10 0.018*
Very high - 2(10.0) 185.41 | 13.07-2630.9 | <0.001*
Cytogenetic (%)
Very good & Good 58(96.7) 18(90.0) ref
Non-good 2(3.3) 2(10.0) 2.98 0.68-13.01 0.147
K.I. Blast (%) 1.5(1-13) 6.0(2-17) 1.32 1.20-1.45 <0.001*
Albumin (g/L) 43+3 42+2 3.3 0.6-19.5 2.21
IMA (ng/mL) 0.71+0.09 0.71+0.05 0.45 0.01-135.47 0.783
Native thiol (umol/L) 295.6+39.9 276.1+67.5 0.98 0.97-0.99 0.035*
Total thiol (umol/L) 332.2+41.8 316.2+65.6 0.97 0.97-1.00 0.092
Disulfide (umol/L) 16(10.7-32.6) 20.3(12.8-28.8) 1.05 0.98-1.13 0.169
SS/SH (%) 5.8(3.7-13.4) 6.6(3.6-19.4) 1.23 1.09-1.40 0.001*
SS/TT (%) 5.2(3.4-10.5) 5.8(3.4-14) 1.34 1.10-1.62 0.003*
SH/TT,(%) 88.9+3.6 86.4+5.7 0.86 0.78-0.95 0.003*
WBC (x103 pL) 4160(1300-11600) 3535(1630-22000) 1.01 0.98-1.10 0.574
Neutrophile (x103 pL) 2145(200-8100) 1345(220-9450) 1.10 0.90-1.05 0.206
Lymphocyte (x103 L) 1400(430-3320) 1910(600-2750) 1.00 0.99-1.01 0.086
Hemoglobin (g/L) 99+18 88+15 7.2 5.5-9.4 0.16*
Platelet (x103 uL) 136.5(11-626) 86(10-271) 0.97 0.95-0.99 0.019*

Parameters were expressed as mean + SD and median (interquartile range), *P < 0.05 is considered significant for statistical analysis.
Abbreviations: CVE: Cerebrovascular Event, COPD: Chronic Obstructive Pulmonary Disease, MDS: Myelodysplastic Syndrome, IPSS:
International Prognosis Scoring System, R-IPSS: Revised International Prognosis Scoring System, IMA: Ischemia Modified Albumin, WBC:

White Blood Cell
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Table IV Possible risk factors associated with mortality.

Variables Survival Univariable

Alive Exitus HR 95% ClI p
Age (Year) 63.1+10.9 72.3+10.4 1.07 1.03-1.11 0.001*
Gender (%)
Female 21(42.0) 7(23.3) ref
Male 29(58.0) 23(76.7) 2.00 0.85-4.69 0.110
Cancer (%) 2(4.0) 3(10.0) 2.54 0.76-8.55 0.131
Diabetes mellitus (%) 12(24.0) 13(43.3) 2.25 1.07-4.73 0.032*
Hypertension (%) 26(52.0) 26(86.7) 5.15 1.78-14.90 0.003*
Cardiac disease (%) 7(14.0) 19(63.3) 4.06 1.92-8.55 <0.001*
CVE (%) 1(2.0) 3(10.0) 2.97 0.88-9.93 0.078
COPD (%) 7(14.0) 4(13.3) 0.84 0.29-2.43 0.746
Renal disease (%) 4(8.0) 4(13.3) 2.53 0.85-7.53 0.096
Thyroid disease (%) 9(18.0) 2(6.7) 0.45 0.11-1.89 0.275
Collagen Tissue Disease (%) 2(4.0) 2(6.7) 1.63 0.38-6.91 0.510
MDS Type (%)
Low risk type 34(68.0) 3(10.0) ref
MDS-MLD 10(20.0) 6(20.0) 3.60 0.86-15.11 0.080
MDS-EB-1 4(8.0) 16(53.3) 16.94 4.90-5.60 <0.001*
MDS_EB-2 2(4.0) 5(16.7) 20.53 4.81-87.66 | <0.001*
IPSS score (%) 0(0-1.5) 1(0-2) 6.97 3.78-12.87 | <0.001*
R-IPSS score (%) 2(1-5) 4.5(1-8.5) 2.07 1.67-2.56 <0.001*
IPSS category (%)
Low 33(66.0) 1(3.3) ref
Int-1 17(34.0) 20(66.7) 8.56 2.54-28.86 0.001*
Int-2 1(2.0) 7(23.3) 47.58 11.06-204.70| <0.001*
R-IPSS category (%)
Very low 14(28.0) 1(3.3) ref
Low 29(58.0) 7(23.3) 2.80 0.34-22.80 0.338
Intermediate 6(12.0) 9(30.0) 9.33 1.17-74.32 0.035*
High 1(2.0) 11(36.7) 7514 8.90-634.72 | <0.001*
Very high - 2(6.7) 151.83 11.85- <0.001*
Cytogenetic (%)
Very good & Good 48(96.0) 28(93.3) ref
Non-good 2(4.0) 2(6.7) 1.49 0.35-6.31 0.585
K.I. Blast (%) 1.0(1-13) 5(1-17) 1.21 1.12-1.30 <0.001*
AML (%) 2(4.0) 18(60.0) 497 2.38-10.40 | <0.001*
Albumin (g/L) 43+3 42+2 45 1.0-19.8 2.89
IMA (ng/mL) 0.71+0.09 0.73+0.05 17.04 0.12-2491.5 0.265
Native thiol (umol/L) 297.9+31.3 278.7+67.3 0.98 0.97-0.99 0.024*
Total thiol (umol/L) 333.7+35.3 319.1+65.3 0.99 0.98-1.01 0.107
Disulfide, (umol/L) 14.9(10.7-29.6) 20.6(12.8-32.6) 1.07 1.01-1.14 0.031*
SS/SH (%) 5.7(3.7-10.6) 6.6(3.6-19.4) 1.22 1.11-1.35 <0.001*
SS/TT (%) 5.1(3.4-8.8) 5.8(3.4-14) 1.34 1.15-1.56 <0.001*
SH/TT (%) 89.3+3.3 86.6+5.2 0.86 0.80-0.93 <0.001*
WBC (x103 plL) 4450(1300-11100) 3325(1740-22000) 1.00 0.99-1.01 0.720
Neutrophile (x103 L) 2240(200-8100) 1495(220-9450) 1.05 0.99-1.10 0.070
Lymphocyte (x103 L) 1470(430-3320) 1370(600-2750) 1.04 0.99-1.01 0.811
Hemoglobin (g/L) 103+18 86+13 5.3 4.0-7.0 <0.01*
Platelet (x103 uL) 171(19-626) 81(10-282) 0.95 0.90-0.99 0.005*

Parameters were expressed as mean = SD and median (interquartile range), *P< 0.05 is considered significant for statistical analysis.
Abbreviations: CVE, Cerebrovascular Event; COPD, Chronic Obstructive Pulmonary Disease; MDS, Myelodysplastic Syndrome; IPSS,
International Prognosis Scoring System; R-IPSS, Revised International Prognosis Scoring System; IMA, Ischemia Modified Albumin; AML,
Acute Myeloid Leukemia; WBC, White Blood Cell.
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Table V Independent factors associated with AML and

mortality.

Variables | HR | 95%Cl | p

AML

Collagen tissue | 917 | 1.94-43.30 |  0.005*

disease

MDS type

Low risk types ref

MDS-MLD 0.10 | 0.01-43.19 0.951

MDS-EB-1 10.14 | 1.22-64.43 0.032*

MDS-EB-2 18.20 | 1.15-67.6 0.043*

SS/SH 1.17 1.02-1.34 0.023*
-2Log Likelihood = 103.02; p<0.001

Mortality

Age

MgDS type 1.05 1.02-1.09 0.002*

Low risk types ref

MDS-MLD 275 | 0.64-11.74 0.173

MDS-EB-1 12.58 | 3.41-46.48 <0.001*

MDS-EB-2 5.75 | 1.15-28.78 0.033*

SS/SH 1.14 1.01-1.29 0.040*

Hemoglobin 0.64 0.46-0.88 0.007*
-2Log Likelihood = 167.15; p<0.001

*P< 0.05 is considered significant for statistical analysis.
Abbreviations: AML: Acute Myeloid Leukemia, MDS:
Myelodysplastic Syndrom

sue disease, MDS type, IPSS score, R-IPSS score, BM
blasts, native thiol, disulfide/native thiol, disul-
fide/total thiol, native thiol/total thiol, hemoglobin
level, and platelet level. In the multivariate Cox
regression model, in which these potential risk factors
were included, collagen tissue disease (HR: 9.17;
p=0.005), MDS-EB-1 (HR: 10.14; p=0.032), MDS-
EB-2 (HR: 18.2; p=0.043), and disulfide/native thiol
(HR: 1.17; p=0.023) were found as independent
predictors anticipating AML. Patients with collagen
tissue disease were found to be 9.17 times more like-
ly to develop AML than those without this disease.
While MDS-EB-1 patients had 10.14 times higher risk
of AML development compared to lower risk types, it
was found that this risk was 18.2 times higher in MDS
patients with MDS-EB-2. It was found that a 1%
increase in the disulfide/native thiol ratio increased
the risk of AML development 1.17 times (Table V).

The risk factors related to mortality are present-
ed in Table IV. These potential risk factors were found
to be age, diabetes mellitus, hypertension, cardiac
disease, MDS type, IPSS score, R-IPSS score, BM
blast level, native thiol, disulfide, disulfide/native
thiol, disulfide/total thiol, native thiol/total thiol,
hemoglobin level, platelet level, and AML presence.
In the multivariate Cox regression model, in which
these potential risk factors were included, age (HR:
1.05; p=0.002), MDS- EB-1 (HR: 12.58; p<0.001),
MDS-EB-2 (HR: 5.75; p=0.033), disulfide/native
thiol (%) (HR: 1.14; p=0.040), and hemoglobin (HR:
0.64; p=0.007) were found as independent predic-

tors for mortality. A one-year increase in age caused
mortality risk to increase 1.05 times. While the mor-
tality risk of MDS patients with MDS-EB-1 was 12.58
times higher compared to patients with lower-risk
types of MDS, it was found that in MDS patients with
MDS-EB-2 mortality risk was 5.75 times higher. It was
found that a 1% increase in the disulfide/native thiol
ratio increased the mortality development risk by 1.14
times. It was also found that a 10 g/L decrease in
hemoglobin level increased mortality risk by 1.56
times (1/0.64) (Table V).

Disulfide/native thiol ratio of 5.9% was found as
the optimal prediction point in anticipating progres-
sion to AML with 75% sensitivity and 55% specificity
(+PV: 35.7%; -PV: 86.8%; AUC*SE: 0.640+0.07;
p=0.043). Disulfide/native thiol ratio of 6.3% was
found as the optimal prediction point in anticipating
AML with 66.7% sensitivity and 64% specificity (+PV:
52.6%; -PV: 76.2%; AUC=SE: 0.669+0.06; p=0.006).

Discussion

There are several studies reporting that disrup-
tions in the apoptosis pathways and oxidative stress
damage could play a role in the etiopathogenesis of
MDS. However, we could not find any studies about
the importance of dynamic thiol/disulfide homeosta-
sis in MDS prognosis. Therefore, this is the first study
conducted on this subject.

Oxidative stress and genetic instability in hemato-
poietic stem cell and myeloid progenitors are related to
myeloid malignancy. The aging of hematopoietic cells,
caused by both endogenic and exogenic cellular fac-
tors, disrupted hematopoietic environments, self- resto-
ration, and regeneration, is related to immune system
reconfiguration and the increase in leukemia inciden-
ce. Ghoti et al. (14) reported oxidative stress in erythro-
cytes, thrombocytes, and polymorphonuclear leuko-
cytes and increased serum ROS levels in low-risk MDS
patients. In addition, in another study, it was shown that
this oxidative situation is related to the significant
increase in oxidative DNA damage in BM cells in MDS
patients. It is known that cancer cells adapt to oxidative
conditions by elevating their antioxidant capacities,
decreasing the ability to regulate other changes in
oxidative stress compared to normal cells. The eleva-
tion of antioxidants as an adaptation to intracellular
oxidative stress is a well-known phenomenon (14, 15).

The patient and control groups in our study had
similar characteristics in terms of age and sex. When
the data in the literature are reviewed, it is seen that
total thiol, native thiol, and disulfide levels were shown
to not have direct relations with many demographic
characteristics such as hypertension, diabetes mellitus,
cardiovascular disease, and age. The sulfhydryl groups
of thiol compounds play an important role in the cellu-
lar defence against increasing free oxygen radicals. The
increase of intracellular free oxygen radicals due to the
decrease in thiol levels causes disruptions in the intra-
cellular pathways and the apoptosis process. Erel and
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Neselioglu (10) showed that plasma disulfide levels are
higher in patients with malignant and inflammatory dis-
eases. In our study, it was observed that plasma disul-
fide was high in patients who previously had malignant
diseases. It was also found that the thiol level was sig-
nificantly lower in this study group. In a study on
patients with multiple myeloma, it was found that the
total thiol levels of the patients were significantly lower
than those of the control group. In this respect, the
results of our study showed parallelism with the find-
ings in the literature (16-18).

It was found that the native thiol and total thiol
levels were lower in MDS patients than the control
group, and the disulfhydryl level was higher. While the
increase in native thiol levels caused proliferation, it
was shown that its decrease, together with the
increase in disulfide, caused cell apoptosis. Although
it was seen in previous studies with diabetes mellitus,
hypertension, collagen tissue diseases, and cardiovas-
cular diseases that total thiol, native thiol, and disul-
fide levels were higher in healthy individuals, previous
studies on many cancer types showed that total and
native thiol were significantly lower in cancer patients
compared to healthy individuals. It is seen that high
ROS levels reduce the self-restoration capacities of
hematopoietic stem cells. The finding of thiol/disul-
fide imbalance, signified by thiol increase in our study,
shows parallelism to the data provided in previous
studies conducted with the method defined by Erel
and Neselioglu (10). It is expected that the disulfide
level will increase as the thiol level decreases. These
results suggest that a reduction in antioxidant enzyme
activity could be a response to increasing ROS pro-
duction, and, in time, the antioxidant enzyme activity
could be insufficient for the detoxification of the high
ROS levels. In a study on advanced-stage non-small-
cell lung cancer, it was found that native thiol and
total thiol were low, and it was argued that this
decrease could be a prognostic marker for tumour
aggression and malignant disease. In another study
examining the relation between thiol/disulfide home-
ostasis in patients with advanced-stage colorectal car-
cinoma and clinical symptoms, it was found that ele-
vated carcinoembryonic antigen and Ca 19.9 levels
were notably related to lower native thiol and total
thiol. The results of our study similarly showed that
the increase in BM blasts and the increase in IPSS
and R-IPSS scores, which are prognostic markers
related to these parameters, were positively correlated
with elevated disulfide and negatively correlated with
total thiol. Our findings were thus compatible with the
results of the studies conducted with patients with
colon cancer and lung cancer (19-21).

IPSS and R-IPSS scores are determined as the
most significant variables in studies on prognostic
evaluation of patients with MDS and they are includ-
ed in current guidelines. However, evaluation of both
IPSS and R-IPSS depends on BM examination,
hemogram findings, and cytogenetic analysis results.
In our study, advanced age, high IPSS and R-IPSS

scores, elevated BM blast ratio, and low hemoglobin
and platelet values were found to be factors affecting
mortality. In addition, patients’ low levels of total thiol
and native thiol and high levels of disulfide were
found as negative prognostic markers. Peddie et al.
argued that the highly oxidative conditions observed
in progenitor cells such as blasts and erythroid precur-
sors could be related to the increased oxidative DNA
damage in CD34 cells (22). The risk of secondary
relapse of MDS is expected to be higher in patients
with previous malignant diseases. Patients with high
BM blast rates, low hemoglobin and thrombocyte lev-
els, and increased IPSS and R-IPSS scores are at high
risk of AML transformation. In addition, high disulfide
levels and low total thiol levels are also anticipated to
statistically predict AML risk. Previous studies with
patients with malignities showed that high disulfide
levels signalled a negative prognosis and high total
thiol and native thiol exhibited protective characteris-
tics (13). Thus, low native thiol and high disulfide lev-
els in MDS patients and the correlation of thiol/disul-
fide homeostasis with previously proven prognostic
markers suggest that this could be a parameter that
should be considered more carefully with regard to
transformation to AML (13, 23).

The most significant limitation of our study was
that the number of patients was small. In addition to
the limited number of patients, the differences between
the numbers of patients with different subtypes of MDS
was another limitation. However, a control group was
formed to provide a comparison. Another limitation
was that we did not have a subsequent follow-up of the
total thiol, native thiol, and disulfide levels for the MDS
patients receiving treatment. However, we believe that
the findings at the time of diagnosis are sufficient for
etiopathogenesis and prognosis markers since these
findings were significantly higher both among the
patients and when compared to the control group;
however, further studies are needed to evaluate the
response to the treatment.

In conclusion, according to the findings of this
study, we can argue that dynamic thiol/disulfide
homeostasis has an important effect on both the
etiopathogenesis and the survival of patients with
MDS, and thiol/disulfide homeostasis could be
included in new prognostic scorings. It could also be
considered in risk assessment in MDS and as a mor-
tality risk factor in the general treatment plans of
patients. With multi-centre prospective and random-
ized controlled studies in the future, we believe that
its importance will be better understood.

Conflict of interest statement

The authors state that they have no conflicts of
interest regarding the publication of this article.



J Med Biochem 2020; 39 (3)

345

References

1.

10.

1.

12.

Rollison, DE, Howlader N, Smith MT, Strom SS, Merritt
WD, Ries LA, et al. Epidemiology of myelodysplastic syn-
dromes and chronic myeloproliferative disorders in the
United States, 2001-2004, using data from the NAAC-
CR and SEER programs. Blood 2008; 112(1): 45-52.

. Peetre C, Gullberg U, Nilsson E, Olsson |. Effects of

recombinant tumor necrosis factor on proliferation and
differentiation of leukemic and normal hemopoietic cells
in vitro. Relationship to cell surface receptor. The Journal
of Clinical Investigation 1986; 78(6): 1694-700.

. Novotna B, Bagryantseva Y, Siskova M, Neuwirtova R.

Oxidative DNA damage in bone marrow cells of patients
with low-risk myelodysplastic syndrome. Leukemia
Research 2009; 33(2): 340-3.

. Chung YJ, Robert C, Gough SM, Rassool FV, Aplan PD.

Oxidative stress leads to increased mutation frequency in
a murine model of myelodysplastic syndrome. Leukemia
Research 2014; 38(1): 95-102.

. Uttara B, Singh AV, Zambon P, Mahajan R. Oxidative

stress and neurodegenerative diseases: a review of
upstream and downstream antioxidant therapeutic
options. Current Neuropharmacology, 2009. 7(1): p.
65-74.

. Winterbourn CC, Hampton MB. Thiol chemistry and

specificity in redox signaling. Free Radical Biology and
Medicine 2008; 45(5): 549-61.

. Kaplan M, Ates |, Yuksel M, Ozderin Ozin Y, Alisik M, Erel

O, et al. Thiol/disulphide homeostasis in celiac disease.
World J Gastrointest Pharmacol Ther 2017; 8(2): 120-6.

. Kundi H, Ates |, Kiziltunc E, Cetin M, Cicekcioglu H,

Neselioglu S, et al. A novel oxidative stress marker in
acute myocardial infarction; thiol/disulphide homeosta-
sis. Am J Emerg Med 2015; 33(11): 1567-71.

. Yuksel M, Ates |, Kaplan M, Alisik M, Erel O, Saygili F, et

al. The dynamic thiol/disulphide homeostasis in inflam-
matory bowel disease and its relation with disease activity
and pathogenesis. Int J Colorectal Dis 2016; 31(6):
1229-31.

Erel O, Neselioglu S. A novel and automated assay for
thiol/disulphide homeostasis. Clinical Biochemistry
2014; 47(18): 326-32.

Valko M, Rhodes C, Moncol J, Izakovic M, Mazur M. Free
radicals, metals and antioxidants in oxidative stress-
induced cancer. Chemico-biological interactions 2006;
160(1): 1-40.

Greenberg P Cox C, LeBeau MM, Fenaux B Morel P
Sanz G, et al. International scoring system for evaluating

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

prognosis in myelodysplastic syndromes. Blood, 1997.
89(6): p. 2079-88.

Greenberg PL. The multifaceted nature of myelodysplas-
tic syndromes: clinical, molecular, and biological prog-
nostic features. Journal of the National Comprehensive
Cancer Network 2013; 11(7): 877-85.

Ghoti, H, Amer J, Winder A, Rachmilewitz E, Fibach E.
Oxidative stress in red blood cells, platelets and polymor-
phonuclear leukocytes from patients with myelodysplastic
syndrome. European Journal of Haematology 2007.
79(6): p. 463-7.

Pilo F Angelucci E. A storm in the niche: Iron, oxidative
stress and haemopoiesis. Blood Reviews 2018; 32(1):
29-35.

Demirseren DD, Cicek C, Alisik M, Demirseren ME,
Akta A, Erel O. Dynamic thiol/disulphide homeostasis in

patients with basal cell carcinoma. Cutaneous and
Ocular Toxicology 2017; 36(3): 278-82.

Lu J, Holmgren A. The thioredoxin antioxidant system.
Free Radical Biology and Medicine 2014; 66: 75-87.

Ellidag HY, Aydin O, Eren E, Yilmaz N, Ergin M. De-
creased HDL- dependent paraoxonase and arylesterase
enzyme activity may indicate a worse prognosis in multi-
ple myeloma. Asian Pac J Cancer Prev 2014; 15(22):
9847-51.

Prasad S, Gupta SC, Tyagi AK. Reactive oxygen species
(ROS) and cancer: Role of antioxidative nutraceuticals.
Cancer Letters 2017; 387: 95-105.

Pani G, Galeotti T, Chiarugi P Metastasis: cancer cell’s
escape from oxidative stress. Cancer and Metastasis
Reviews 2010; 29(2): 351-78.

Yazici O, Dogan M, Erel O, Bozkaya Y, Ozdemir N,
Demirci N, et al. 2197 The importance of thiol/disul-
phide homeostasis in patients with advanced colorectal
cancer receiving modified fluorouracil and leucoverin

plus oxaliplatin (mFOLFOX) regimen. European Journal
of Cancer 2015; 51: S399.

Peddie CM, Wolf CR, McLellan LI, Collins AR, Bowen DT.
Oxidative DNA damage in CD34+ myelodysplastic cells
is associated with intracellular redox changes and elevat-

ed plasma tumour necrosis factor  concentration. British
Journal of Haematology 1997; 99(3): 625-31.

Zhang H, Fang H, Wang K. Reactive oxygen species in
eradicating acute myeloid leukemic stem cells. Stem Cell
Investigation 2014; 1.

Received: September 6, 2019
Accepted: October 8, 2019



