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Abstract

Oxidative stress is closely related to iron overload in myelodysplastic syndrome (MDS) and induces DNA

damage. We evaluated the oxidative stress markers derivatives of reactive oxidative metabolites (dROM) and

8-hydroxy-2’-deoxyguanosine (8-OHdG) during azacitidine treatment in an MDS patient. Simultaneous with

an increase in the expression of Wilms’ Tumor 1 (WT1) gene in the peripheral blood, the serum dROM level

was elevated, and this increase was observed earlier than the increases in ferritin and 8-OHdG. Throughout

the clinical course, dROM and 8-OHdG correlated significantly with WT1 and with ferritin, suggesting that

changes in the oxidative stress marker levels reflect not only iron overload but also disease progression of

MDS.
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Introduction

DNA damage caused by oxidative stress plays an impor-

tant role in the initiation and carcinogenic process of muta-

tion. A recent study has suggested that oxidative stress leads

to increased mutation frequency in a murine model of mye-

lodysplastic syndrome (MDS) (1), and that additional muta-

tions lead to the progression of MDS. Patients with MDS

often require blood transfusions and consequently develop

iron overload, and the excess iron causes oxidative stress.

Therefore, antioxidant therapy and iron chelation are thought

to be suitable for the management of MDS patients (2-4).

Furthermore, a correlation has been reported between the se-

rum ferritin level and serum reactive oxygen species (ROS)

levels in MDS patients (2-5). MDS is a heterogeneous group

of clonal hematopoietic stem cell disorderd that transforms

to acute myeloid leukemia (6). DNA hypermethylation is a

major pathogenesis of MDS (7). Azacitidine was the first

DNA-hypomethylating agent that demonstrated superiority

over conventional therapy in the treatment of MDS in pa-

tients unable to undergo allogeneic stem cell transplanta-

tion (8). A relationship between oxidative stress and hyper-

methylation has also been reported; oxidative stress is likely

involved in the MDS disease progression (9). In the present

study, we evaluated the changes in the oxidative stress mark-

ers derivatives of reactive oxidative metabolites (dROM) in

serum and 8-hydroxy-2’-deoxyguanosine (8-OHdG) in urine

in an MDS patient treated with azacitidine. The Ethics Com-

mittee of Toho University approved this study, and we ob-

tained informed consent from the patient.

Case Report

A 69-year-old Japanese man with exertional chest pain

was transported to our hospital by ambulance in April 2014.

He had a history of unstable angina and had undergone per-

cutaneous coronary intervention at the left anterior descend-
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Figure　1.　The clinical course of the patient. AZA: azacitidine, WT1: Wilms’ Tumor 1, dROM: de-
rivatives of reactive oxygen metabolite, 8-OHdG: 8-hydroxy- 2’-deoxyguanosine, FER: ferritin, (▼): 
red blood cell transfusion 2 units. Normal ranges: serum dROM; <300 U. CARR, urinary 8-OHdG; 
<15.7 ng/mg creatinine ferritin; 18.6-261 ng/dL, lactate dehydrogenase (LDH); 120-240 IU/L.
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ing artery in November 2013. On admission, the echocardio-

gram and laboratory tests showed no findings of ischemic

heart disease. However, his white blood cell (WBC) count

was 1,970/μL without blast cells; his hemoglobin (Hb) level

was 5.0 g/dL; and his platelet count was 16.6×104/μL. A

bone marrow examination revealed myelodysplastic syn-

drome classified as refractory anemia with excess blasts-1

(RAEB-1). He also had a markedly complicated karyotype

including trisomy 8. Initially, metenolone enanthate and

menatetrenone were administered, and red blood cell trans-

fusion was performed to treat his anemia. He was admitted

to our hospital at the end of July 2014, and azacitidine ther-

apy was started on Day 3 after admission. After the fourth

course of azacitidine therapy, he developed acute myocardial

infarction on Day 140. Azacitidine therapy was discontin-

ued, and therapy with the iron chelator deferasirox 500 mg/

day was started on Day 192. A total of 28 units of blood

had been transfused before starting administration of the

iron chelator.

We evaluated the levels of dROM in serum by colorime-

try (10) and 8-OHdG in spot urine by ELISA method (11),

ferritin in serum, and Wilms’ Tumor 1 (WT1) gene in the

peripheral blood throughout the course of treatment (Fig. 1).

The level of WT1 was 14,000 copies/μg RNA before the

first course of azacitidine treatment, which was reduced

markedly to 400 copies/μg RNA after the second course.

However, the level of WT1 increased sharply around the

fourth course of azacitidine therapy, and pancytopenia with

blasts in the peripheral blood became gradually apparent.

The respective serum dROM and urinary 8-OHdG levels

were 418 U.CARR and 10.2 ng/mg creatinine before the

first course of azacitidine treatment and 360 U.CARR and

11 ng/mg creatinine after the first course. The serum dROM

level decreased transiently with each course of azacitidine
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Figure　2.　The relationship among the derivatives of reactive oxygen metabolite (dROM), 8-hy-
droxy-2’-deoxyguanosine (8-OHdG), ferritin (FER), and Wilms’ Tumor 1 (WT1). The correlation 
between (a) dROM and WT1, (b) dROM and FER, (c) 8-OHdG and WT1, (d) 8-OHdG and FER, (e) 
8-OHdG and dROM, (f) dROM and C reactive protein (CRP), and (f) 8-OHdG and CRP.
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therapy until the third course. From the fourth course, ac-

companying an increase in WT1, dROM increased simulta-

neously while 8-OHdG and ferritin began to increase later.

Around Day 190 after the first admission, the WBC count

of the peripheral blood showed 30% blasts, and the serum

dROM, urinary 8-OHdG, and serum ferritin levels were ele-

vated markedly to peak levels of 685 U.CARR, 25.3 ng/mg

creatinine, and 4,440.3 ng/mL, respectively. He was admit-

ted to the hospital on Day 192 due to a deterioration of gen-

eral condition. He received circulatory support and blood

transfusion and was treated with deferoxamine mesilate at

500 mg/day. His disease progressed, and he eventually died

of multi-organ failure on Day 210.

We analyzed the associations among dROM, 8-OHdG,

ferritin, and WT1 levels during his clinical course by Pear-

son’s test. The serum dROM levels correlated significantly

with WT1 (r=0.80, p=0.03) and ferritin (r=0.85, p=0.002)

(Fig. 2a and b). In addition, the urinary 8-OHdG levels also

correlated significantly with WT1 (r=0.96, p=0.002) and fer-

ritin (r=0.92, p=0.000) (Fig. 2c and d). The serum dROM
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levels also correlated significantly with 8-OHdG (r=0.69, p=

0.01) (Fig. 2e). On analyzing the correlation among C reac-

tive protein (CRP), dROM, and 8-OHdG, CRP did not cor-

relate with dROM (r=0.45, p=0.138) or 8-OHdG (r=-0.21, p

=0.534) (Fig. 2f and g).

Discussion

We encountered a patient with MDS classified as RAEB-

1, in whom we measured oxidative stress markers, ferritin,

and WT1 over the course of disease. To our knowledge, this

is the first report of azacitidine therapy in an MDS patient

with serial measurements of oxidative stress, ferritin, and

WT1 values during therapy. A marked decline in the WT1

expression in peripheral blood showed that three courses of

azacitidine therapy were effective in suppressing disease

progression. Furthermore, the serum dROM levels decreased

transiently with each course. Oxidative stress and ferritin are

considered important biological factors in the pathogenesis

of MDS (2-4). However, as shown in Fig. 1, the WT1 ex-

pression started to increase before the administration of the

fourth course of azacitidine therapy, and the serum dROM

levels began to rise earlier than ferritin during disease pro-

gression.

Fig. 1 shows that the response of dROM appeared to be

more sensitive than that of 8-OHDG. However, both dROM

and 8-OHdG showed strong correlation with WT1

(Fig. 2a and c). We also evaluated the correlation among

dROM, 8-OHdG, and the total number of blasts in the pe-

ripheral blood. While the dROM levels and the blast count

correlated significantly, the 8-OHdG levels showed no corre-

lation with the blast count (data not shown). Ferritin also

correlated closely with dROM and 8-OHdG (Fig. 2b and d).

On investigating the source of the increased ROS expression

during disease progression in this patient by examining the

ROS in each fraction of WBCs, the results suggested that

the oxidative stress markers were produced by tumor-derived

cells (data not shown). Furthermore, to clarify the relation-

ship between the elevation of the oxidative stress markers

with the deterioration of the general condition, we also ana-

lyzed the correlation among CRP, dROM, and 8-OHdG.

CRP did not correlate with either of the oxidative stress

markers (Fig. 2f and g).

Azacitidine is a methylation inhibitor. However, in the

present case, we observed a transient decreasing trend in the

dROM levels after each course of azacitidine treatment be-

fore the progression of MDS, and the transition of dROM

was not related to the iron overload caused by blood trans-

fusion. Niu et al. recently reported a relationship between

oxidative stress and DNA methylation, suggesting that oxi-

dative stress modulates the enzyme activity of DNA methyl-

ation and the deacetylation of histones (9). It remains un-

clear whether the increase in oxidative stress is a cause or a

result of disease progression. The increase in the oxidative

stress markers may have not only caused the iron overload

but also resulted in the disease progression of MDS. Further

study will thus be required to clarify this point.

We herein reported an MDS patient who showed simulta-

neous increases in oxidative stress markers and WT1 during

disease progression while being treated with azacitidine. We

speculate that the increase in the oxidative stress markers is

a cause of not only iron overload but also the disease pro-

gression of MDS.
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