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Background: This study aimed to investigate the effect of deferoxamine (DFO) on leukemia in vitro, and to explore the un-
derlying molecular mechanism.

Material/Methods: K562 leukemia cells were treated with various concentrations of DFO (10, 50, and 100 pmol/l) with or with-
out 10 pmol/I ferric chloride for 12 h. Then, total cellular iron was detected. CCK-8 kit and flow cytometry were
used for cell viability and apoptosis detection. In addition, expression of apoptosis-related genes was deter-
mined by Western blotting and gRT-PCR, respectively.

Results: The results suggested that DFO significantly inhibited K562 cell viability and induced cell apoptosis in a dose-
dependent manner. We also found that the protein and mRNA levels of Bax, p53, and Fas dose-dependent-
ly increased in DFO-treated K562 cells, while the level of Bcl-2 markedly decreased in a dose-dependent man-
ner. Moreover, the findings showed that ferric chloride eliminated these effects on K562 cells caused by DFO
treatment.

Conclusions: Our results indicate that DFO plays a protective role in leukemia via inhibiting leukemia cell viability and in-
ducing cell apoptosis by the regulation of apoptosis-related genes expression.
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Background

Iron, an indispensable element of life, participates in a variety
of cell cycle regulatory proteins and apoptosis-related gene ex-
pression, and plays an important role in tumor cell growth and
differentiation. Iron chelators can affect the total cellular iron
content and is mainly used in the clinical treatment of iron
overload diseases. In recent years, it has gradually attracted
researcher attention due to its anti-solid tumor and anti-liquid
tumor effects, such as in neuroblastoma, liver cancer, breast
cancer, ovarian cancer, and leukemia. Experiments [1-3] have
confirmed that iron deprivation can inhibit the proliferation
of a variety of tumor cells and induce apoptosis. Use of iron
chelators is expected to become a new strategy for the treat-
ment of cancer. Recent studies have shown that the iron che-
lator Triapine can inhibit ribonucleotide reductase activity and
tumor growth in vivo and in vitro and has entered Phase | and
Phase Il clinical trials [4]. In addition, some other iron chelators
also have potential anti-tumor activity, such as deferasirox [5],
DpC [6], Dp44mT [6,7], aurintricarboxylic acid (ATA), and de-
feroxamine DFO [8]. DFO is the most widely used iron chela-
tor for the treatment of iron overload diseases, and its anti-
tumor effect has attracted more and more attention. A large
number of in vitro and clinical studies have shown that DFO
can inhibit the growth of tumor cells by chelating intracellular
iron and has a clear anti-tumor cell proliferation effect [9-15].

Abnormal proliferation and apoptosis of cells are closely related
to the occurrence of tumors. Apoptosis is one of the important
mechanisms of anti-tumor therapy. Studies have shown that iron
chelators can induce leukemia cell apoptosis and may be involved
in a variety of apoptosis-related signal transduction pathways,
but the mechanism of the induction of apoptosis is not entirely
clear [16-19]. Iron chelators can inhibit the proliferation of tu-
mor cells and induce cell apoptosis; thus, it has great clinical val-
ue in the treatment of leukemia. Therefore, iron chelators as a
new class of anti-tumor agents are of great interest to scholars,
but its anti-tumor mechanisms have not been fully elucidated.

The present study aimed to investigate the effect and under-

lying molecular mechanism of DFO on leukemia in vitro to pro-
vide a better theoretical basis for the treatment of leukemia.

Material and Methods

Cell culture and treatment

The K562 leukemia cell line was obtained from the American
Type Culture Collection (ATCC). K562 cells were incubated in
RPMI 1640 medium (Gibco) containing 10% fetal bovine se-
rum, and 1% penicillin-streptomycin solution (Sigma) at 37°C
with 5% CO,. Cells were passaged every 2-3 days.
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K562 cells (3x10* cells/well) were treated with various con-
centrations of DFO (10, 50, and 100 umol/l) with or without
10 umol/l ferric chloride for 12 h. Cells treated with saline in-
stead of DFO served as the control group.

Cellular total iron detection

After specific treatment, the cellular total iron level was as-
sessed. K562 cells (5x10°) were collected and then re-sus-
pended in HBS (210 mmol/l HEPES and 150 mmol/l NaCl).
Subsequently, the cells were added to an acid mixture (3 mol/l
hydrogen chloride, 10% trichloroacetic acid, and 3% benzene-
sulfonic acid) and incubated at 37°C for 2 h. After centrifuga-
tion at 3000 rpm for 30 min, the supernatant was collected,
then we added a color-substrate solution (0. 045% sodium ac-
etate and 0.2% methylene). At the end of the experiment, ab-
sorbance was measured at 546 nm.

CCK-8 assay

K562 cells were seeded into a 96-well plate (2x10° cells/well)
and cultured in RPMI 1640 medium at 37°C for 24 h. Then, the
cells were treated with various concentrations of DFO (10, 50,
and 100 pmol/l) with or without 10 pmol/I Fecl, for 12 h. Cells
treated with saline instead of DFO served as the control group.
Finally, cell viability was detected using a CCK-8 kit according
to the manufacturer’s instructions. The experiment was per-
formed at least 3 times.

Cell apoptosis detection

After specific treatment, log-phase K562 cells were collected
and washed with cold PBS at least 3 times. K562 cell apopto-
sis was measured by cell apoptosis assay. In brief, K562 cells
(1x10°) from groups were first re-suspended in binding buf-
fer and then labeled with annexin V-FITC and propidium io-
dide (PI) (BD Pharmingen, San Diego, CA, USA) according to the
manufacturer’s instructions. Flow cytometry (BD FACS Aria; BD
Biosciences, Franklin Lakes, NJ, USA) was applied to analyze
cell apoptosis. The experiment was performed at least 3 times.

Western blot analysis

After specific treatment, total cellular proteins from K562 cells
were extracted by using RIPA Buffer (Auragene, Changsha,
China). A BCA protein quantitative kit (Thermo, USA) was
used to measure the concentration of protein samples. Equal
amounts of protein samples were resolved by 12% SDS-PAGE
and then transferred onto PVDF membranes. The membranes
were blocked with 5% non-fat milk at room temperature for
1 h, followed by incubation with primary antibodies (anti-GAP-
DH; anti-Bax; anti-Bcl-2; anti-Fas; anti-p53; dilution for all,
1: 1000; Cell Signaling Technology, Inc., Danvers, MA, USA) at
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Figure 1. Effect of iron chelators on proliferation of myeloma cell lines. The cells treated with DFO (0,10, 50, 100 umol/l) and then
with or without FeCl, for 12 h. lon content analysis (A). MTT assay was used to detect cell proliferation (B). * P<0.05 vs. the

respective control group, t test.

4°C overnight. Subsequently, membranes were incubated with
an HRP-conjugated secondary antibody (Anti-rabbit IgG, HRP-
linked antibody; 1: 5000) at room temperature for 2 h. To vi-
sualize the protein blots, an ECL kit (Applygen, Beijing, China)
was used according to the manufacturer’s protocol.

QRT-PCR

TRIzol reagent (Takara, Japan) was used to extract total RNA
from the K562 cells. GAPDH was used as an internal control.
cDNAs were generated using the PrimeScript™ RT reagent kit
(Takara, Japan) in line with the manufacturer’s instructions.
SYBR Premix Ex Taq (Takara, Japan) was used to analyze the
synthesized cDNAs according to the manufacturer’s instruc-
tions. Primer sequences used for real-time PCR were:

Bax: Forward: 5’°CCTCAGGATGCGTCCACCAAGA3’;

Reverse: 3’'TGTGTCCACGGCGGCAATCAS'.

Bcl-2: Forward: 5’GAGACCGAAGTCCGCAGAACCT3’;

Reverse: 3’GGAGACCACACTGCCCTGTTGAS’.

P53: Forward: 5’GGCTCTGACTGTACCACCATCC3’;

Reverse: 3’GGCACAAACACGCACCTCAAAGS'.

Fas: Forward: 5’GCTTCCTTCCCATCCTCCTGAC3’;

Reverse: 3’ACTCGTAAACCGCTTCCCTCACS'.

GAPDH: Forward: 5’AGATCATCAGCAATGCCTCCT3’

Reverse: 3’'TGAGTCCTTCCACGATACCAAS'.

Statistical analysis

All data are displayed as the mean +SD. SPSS 17.0 statisti-
cal software (SPSS, Chicago, IL, USA) was used for statistical
analyses. Comparisons between groups were performed us-
ing the t test or ANOVA. p<0.05 was considered as statistical-
ly significant.

Results

Effect of iron chelators on proliferation of K562 cells

In this study we used DFO as the iron chelator. K562 cells
(3x10* cells/well) were treated with various concentrations of
DFO (10, 50, and 100 umol/l) with or without 10 umol/I fer-
ric chloride for 12 h. Cells treated with saline instead of DFO
served as the control group. Results showed that cells of the
control group had higher iron content, and DFO treatment sig-
nificantly decreased the iron content in K562 cells in a dose-
dependent manner (Figure 1A).

CCK-8 assay was used to detect cell proliferation ability. We
found that when treated with DFO, the proliferation abili-
ty of K562 cells was inhibited in a dose-dependent manner
(Figure 1B). Quenching of the iron chelator prior to cell treat-
ment markedly diminished its antiproliferative effect, thereby
demonstrating that iron chelation was in fact responsible for
suppression of proliferation of the K562 cell lines.

Induction of K562 cell apoptosis by DFO

K562 cells apoptosis was measured by flow cytometry assay
(Figure 2B) and cell apoptosis rate was calculated (Figure 2A).
The results from flow cytometry assay showed that compared
with the control group, DFO dose-dependently increased the
apoptosis of K562 cells. These results demonstrated that DFO
can increase cell apoptosis.

Apoptosis-related protein and mRNA expression

To explore the underlying mechanism of the effect of DFO
on K562 cells, we assessed the expression of apoptosis-re-
lated genes Bax, p53, and Fas by Western blotting and gRT-
PCR, respectively. As expected, we found that the protein
(Figure 3) and mRNA (Figure 4) levels of Bax, p53, and Fas were
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Figure 2. Induction of K562 cells apoptosis by DFO. K562 cells viability was assessed using a CCK-8 kit (A). Apoptosis in 562 cells was
measured by flow cytometry assay (B). * P<0.05 vs. the respective control group, t test.

dose-dependently increased in DFO-treated K562 cells, while
the level of Bcl-2 markedly decreased in a dose-dependent man-
ner. These results suggest that DFO plays a protective role in
leukemia by inhibiting leukemia cell viability and inducing cell
apoptosis via regulating apoptosis-related genes expression.

Discussion

The present study investigated the effect of DFO on leukemia
in vitro and explored the underlying molecular mechanism.
We found that DFO inhibited leukemia cell proliferation abili-
ty and induced cell apoptosis through regulating the apopto-
sis-related genes expression.

Iron is essential for the metabolic processes of many cells,
including DNA synthesis, and it is also essential for cancer
cell proliferation before DNA synthesis begins [20]. Iron che-
lators are often used to treat iron overload disease. Recent
studies have shown that iron chelators play an antiprolifer-
ative role in cancer [21-25]. In recent years, more and more
studies have been conducted on the anti-leukemia effect of
iron chelators. Chang et al. reported the strong anti-leuke-
mia activity of deferasirox [26]. DFO has been reported to
be dramatically affected by T cell acute lymphoblastic leuke-
mia/lymphoma cell survival to induce apoptosis, and it dis-
played synergistic activity with 3 ALL-specific drugs, including
dexamethasone, doxorubicin, and L-asparaginase [27]. DFO
is the most widely used iron chelator for the treatment of
iron load disease, and it also has some anti-tumor activity. A
large number of in vitro and clinical studies have shown that
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Figure 3. Apoptosis-related protein expression. Western blot was used to analyze apoptosis-related protein expression. Bax, p53, and
Fas dose-dependently increased in CFO-treated K562 cells, while Bcl-2 markedly decreased in a dose-dependent manner.

DFO can inhibit the growth of tumor cells by chelating the
iron in cells and has a clear anti-tumor cell proliferation ef-
fect [9-15]. However, the specific effect and underlying mech-
anism of DFO in leukemia remain largely unclear. Therefore,
we conducted the present study.

Abnormal proliferation and apoptosis of cells are closely re-
lated to the occurrence of cancer. Iron chelators can inhibit
the proliferation of tumor cells and induce apoptosis of tumor

cells, which is of great clinical value in the treatment of leuke-
mia [28,29]. Therefore, iron chelating agents as a class of new
anti-tumor drugs are of great concern to scholars, but its an-
ti-tumor mechanism of action has not been fully elucidated.
Consistent with previous studies, we found that DFO significant-
ly inhibited leukemia cell proliferation. Apoptosis is an impor-
tant mechanism of anti-cancer therapy. Our studies have shown
that DFO can induce leukemia cell apoptosis and may involve
a variety of apoptosis-related signal transduction pathways.
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Figure 4. Apoptosis-related mRNA expression. gRT-PCR was used to analyze apoptosis-related mRNA expression. Bax, p53, and Fas
dose-dependently increased in CFO-treated K562 cells, while Bcl-2 markedly decreased in a dose-dependent manner.

We explored the underlying molecular mechanisms of the ef-
fects of DFO on leukemia cells and some cell apoptosis- and
proliferation-related genes, including tumor suppressor p53,
proto-oncogene Bcl-2, pro-apoptotic protein Bax, and Fas.
Bcl-2 is the main gene that regulates apoptosis, and studies
have shown that Bcl-2 over-expression can prolong survival,
inhibit apoptosis, and reduce the sensitivity of leukemia cells
to chemotherapeutic drugs. Mutations p53, an important tu-
mor-suppressor gene, occur in some leukemia patients. A pre-
vious study reported that in iron deficiency, p53 gene expres-
sion was up-regulated and p21C1P1/WAF1 expression was
down-regulated, which in turn induced apoptosis of leukemia
cells. The present study found that DFO treatment dose-de-
pendently increased the level of Bax, p53, and Fas in leuke-
mia cells, while the level of Bcl-2 was decreased.

In summary, our results indicate that DFO can inhibit leuke-
mia cell viability and induce cell apoptosis through regulating
the expression of apoptosis-related genes, which provides an
important basis for the study of leukemia. However, research
on the effect of deferoxamine in leukemia is still in the pre-
liminary stage, and it needs much in-depth research and ex-
ploration. In addition, there are still many problems to be ex-
plored and solved regarding the application of iron chelation

therapy in treatment of leukemia. Questions to be answered
include: At which stage of the course of the disease (at diagno-
sis, or at complete remission to prevent relapse) is this strate-
gy planned to be applied? Which types of AMLs is this strate-
gy effective against? What are the adverse effects of chelation
treatment in AML patients? When AML patients have low fer-
ritin levels (low iron storages), how can chelation treatment
be applied? Why are thalassemic patients who receive DFO
regularly as chelation treatment still diagnosed with AML or
other malignancies? In the future, we will try to answer these
questions and perform an in-depth study of the role of DFO
in leukemia progression.

Conclusions

Our results indicate that DFO protects against leukemia by
inhibiting leukemia cell viability, inducing cell apoptosis, and
regulating expression of apoptosis-related genes, providing an
important basis for the treatment of leukemia.
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