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ABSTRACT

This study investigated contents of trace elements selenium, zinc and iron both in control K562 cells, human leukemia
cell line, and cells treated with hemin or the iron chelator deferoxamine cells. K562 cell line was grown in RPMI me-
dium supplemented with 10% fetal calf serum, 100 IU/mL penicillin, 100 ug/mL streptomycin, 25 ug/mL amphotericin B
and 2 mM L-glutamine at 37 °C in humidified air containing 5% CO,. K562 cells were treated with hemin and deferox-
amine from the first day to the fifth day. The trace element levels were measured by inductively coupled plasma optical
emission spectrometry. Treatment of K562 cells with hemin resulted in an increase in the levels of selenium on fifth day
compared with first day. No differences were observed in selenium levels of the control group compared with the he-
min-induced group. Also there were no significant differences observed in the zinc levels of control cells compared with
deferoxamine- and hemin-induced cells. Iron levels of hemin-induced cells were decreased on the fourth day compared
with the third day. On the third day, iron levels of hemin-induced cells were significantly increased compared to the
control group. Our observations suggest that alterations of selenium and zinc levels may play a role in hemin-induction
and deferoxamine-inhibition, respectively. On the other hand, iron levels may influence both in hemin-induction and
deferoxamine-inhibition of K562 human leukemia cell line.
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1. Introduction

Trace elements such as selenium, zinc and iron are es-
sential components of biological structures, but at the
same time they can be toxic at concentrations beyond
those necessary for their biological functions [1]. Some
trace elements, especially copper, selenium, and zinc, are
indeed involved in both humoral and cellular immunity
[2,3]. Antibody production, neutrophil function, and nat-
ural killer cell activity decrease in trace element defi-
ciency [4]. Selenium (Se), an essential trace element for
normal function of many processes in mammalian cells,
has been shown to affect the functions of several specific
intracellular selenoproteins [5,6]. These selenoproteins
include glutathione peroxidase (GPx) and thioredoxin
reductase (TrxR), which have important antioxidant and
detoxification functions [6,7]. A variety of selenium-
containing compounds with diverse chemical structures
are known to inhibit cell proliferation in vitro [8]. In ad-
dition, selenium appears to have a protective effect at
various stages of carcinogenesis including both the early
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and later stages of cancer progression [7]. Zinc (Zn) is an
essential trace element with important biological func-
tions, depending on the structural and/or catalytic role
played by zinc ions in a large variety of enzymes. Zinc
plays a critical role in cellular integrity, protein synthesis,
nucleic acid metabolism, contributing to cell growth,
proliferation, differentiation and death [9]. Zinc homeo-
stasis in eukaryotic cells is controlled on the levels of
uptake, intracellular sequestration in zinc storing vesicles
(‘zincosomes’), nucleocytoplasmic distribution and elimi-
nation. Zinc can modulate cellular signal recognition,
second messenger metabolism, protein kinase and protein
phosphatase activities, and it may stimulate or inhibit
activities of transcription factors, depending on the ex-
perimental systems studied [10]. Iron (Fe) is a critical
nutritional element, essential for a variety of important
biological processes, including cell growth and different-
tiation, electron transfer reactions, oxygen transport, ac-
tivation, and detoxification [11].

The K562 cell line is a human erythroleukemic cell
line and is present in the pregranulosytic phase. K562
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cells were induced to erythroid differentiation with hemin
and it has acquired the capability to synthesize hemoglo-
bin [12,13]. Heme is a structural component of hemoglo-
bin and it causes an increase in the expression of globin
as well as enzymes of the heme biosynthetic pathway
[14-16]. Hemin (the ferric chloride salt of heme) treat-
ment also increases both the number of transferring re-
ceptor and the ferritin content [17,18]. Thus, heme plays
a key role in the coordinated expression of several genes
during the differentiation of erythroid cells [19].

Deferoxamine (DFO) is a bacterial siderophore known
as an iron chelator. Iron chelation by DFO has been
shown to inhibit the growth of and/or to induce apoptosis
in malignant leukemia, neuroblastoma, melanoma, heap-
toma, Kaposi’s sarcoma, and cervical cancer cell lines
[20-27]. When present in excess within the cell, iron can
be toxic due to its ability to catalyze the formation of
damaging radicals, which promote cellular injury and
cell death [28] Also, it is well known that iron deficiency
leads to different types of anemia. Cellular iron defi-
ciency may influence haemopoietic cell growth and sur-
vival via downregulation of c-myc expression [29]. So,
iron homeostasis necessitates a tight control of iron up-
take, storage, export and appropriate management of in-
tracellular iron distribution. Regulation of iron homeo-
stasis occurs at the level of uptake and storage, but mul-
ticellular organisms have also evolved cellular iron ex-
port pathways to release iron from the cells and transport
it within tissues [30]. Iron homeostasis plays a key role in
the control of myeloid differentiation in both normal and
pathological situations. Iron deprivation of undifferenti-
ated myeloid cells, either through iron chelation or
through blocking of iron uptake, induced transcription of
several markers of the monocyte/macrophage linecage
[31].

In this study, we examined the effects of hemin and
deferoxamine on selenium, zinc, and iron levels of K562
cells.

2. Materials & Methods
2.1. Reagents

Hemin, deferoxamine mesylate (DFO), RPMI 1640 and
penicillin/streptomycin solutions were purchased from
Sigma, (St Louis, MO, USA). Fetal calf serum (FCS)
was from Harlan Sera-Lab (Leicestershire, UK).

2.2. Cell Culture

K562 cells obtained from ATCC (MD, USA) were
grown in RPMI 1640 medium supplemented with 10%
FCS, penicillin-streptomycin amphotericin B (25 pg/mL)
ve L-glutamine (2 mM) at 37°C in humidified air con-
taining 5% CO,.
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2.3. Cell Proliferation Assay

Cell proliferation was determined by viable cell counting.
Cells were treated with 20 uM hemin and 50 uM DFO
(day “0”) and were harvested from the 1% to the 5™ day.
The viability of K562 cells in the presence of hemin,
deferoxamine, and alone was greater than 95% as as-
sessed by the trypan blue dye exclusion test [32]. Trypan
blue stains dead or dying cells, whereas viable cells are
able to repel the dye and do not stain. The K562 cells
were incubated with trypan blue for 5 minutes and the
number of dead cells was counted using a hemocytome-
ter.

2.4. Analytical Techniques

Cells were collected by low speed (400 g) centrifugation
and washed twice with ice-cold phosphate-buffered sa-
line (PBS), pH 7.4. The cell pellets were stored at —70°C.
Levels of total cell selenium, zinc, and iron were deter-
mined in triplicate samples of 2.5 x 10° cells suspended
in 1 mL HBS buffer (150 mM NaCL, 20 mM Hepes).
The cells were mixed with 1 mL acid mixture (3 N HCL,
10% trichloroacetic acid, and 3% thioglycolic acid) and
incubated for 2 hours at 37°C, cooled, centrifuged at
3000 rpm for 30 minutes, and mixed with 0.5 mL ba-
thophenanthroline sulfonate (0.045% in 4.5 N Na-acetate,
0.2% thioglycolic acid). The absorbances were measured
by “Inductively Coupled Plasma-Optical Emission Spec-
trometry” (ICP-OES) (Optima 2000, PerkinElmer Life
and Analytical Sciences, Inc.). The original reagents of
the instrument were used in all of the trace element anal-
ysis [33]. Also, absorbances of selenium, zinc, and iron
in samples were referred against a standard curve .

3. Statistical Analysis

Statistical analyses were made using SPSS software
(version 11.5, for Windows). All data were analyzed us-
ing one-way ANOVA followed by Post-Hoc multiple
comparison test. Differences were considered significant
at p < 0.05. Results were expressed as mean values =+
SEM.

4. Results

4.1. Comparison of the Effects of DFO and
Hemin on Inhibition of Cellular
Proliferation of K562 Cell Line

A trypan blue stain viability test was performed for the
K562 cells produced, and those were used to obtain cell
pellets at various time periods, the following treatments;
without DFO and hemin treatment as a control group,
and; with treatment of various DFO and hemin concen-
trations as an experimental group. Figure 1 shows the
effects of DFO and hemin on cellular proliferation of the
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Figure 1. Daily cell counts were performed for the 5 days
after no treatment (control), hemin treatment, and DFO
treatment. Viable cells were counted at 1 day intervals. K562,
human leukemia cell line was treated with 20 pM hemin
and 50 pM deferoxamine. Error bars are means + S.E.M.
for three experiments *Statistically significant difference
compared to control group (p < 0.05).

K562 cell line at various times after subculture. Cell pro-
liferation was suppressed within 24 hours after treatment
with DFO and hemin. There was significant inhibition of
cell proliferation on the 4™ and 5™ days of hemin induced
and DFO induced cells, compared with control cells.

4.2. Hemin and DFO Effects on K562 Cell
Selenium Concentrations (Table 1)

4.2.1. Comparing Daily Results

Selenium levels of control cells decreased significantly
on the 4™ day compared with the results from the 1* day
(46%), and 2™ day (43%), (p = 0.022, p = 0.002 respec-
tively). Selenium levels of hemin induced cells increased
significantly (78%) on the 5™ day compared with the 1
day (p = 0.007). Selenium levels of DFO-induced cells
showed no significant difference in selenium levels be-
tween different days.

4.2.2. Comparing Group Results

No significant differences were observed in selenium
levels of the control group compared with the DFO-in-
duced group and hemin induced group from the 1* to the
5" day, respectively.

4.3. Hemin and DFO Effects on K562 Cell Zinc
Concentrations (Table 2)

4.3.1. Comparing Daily Results

Zinc levels of control cells increased significantly on the
1%, 2™, and 3" days (102%, 129%, and 53% respectively)
compared with the 4™ day (p = 0.049, p = 0.048, p =
0.042 respectively). In contrast, zinc levels were signifi-
cantly decreased (37%) on the 5" day compared with the
results of the 4™ (p = 0.045). Zinc levels of hemin-induced
cells showed no significant difference in zinc levels be-
tween different days. Zinc levels of DFO-induced cells
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Table 1. Selenium levels in control, hemin- and DFO-treated

K562 cells.

Selenium concentrations (uM/1 x 10° cells)

Group Control Hemin Deferoxamine
Days n=3 n=3 n=3
1.Day  179.73+36.03* 107.78+16.29°  126.50 = 35.34°
2.Day  170.40+26.88° 138.13+£23.98°  80.72+5.97"
3.Day  97.89+30.80°  181.06+37.04"  78.00+9.00'
4. Day 97.65+2596  154.13+25.87%  144.00 +30.11'
5.Day  100.64+21.28™ 191.20+22.03" 103.97 +35.28°

Results represent the mean + S.E.M. of three experiments. a-j; p = 0.022, d-j;
p =0.002, b-n; p=0.007.

Table 2. Zinc levels in control, hemin- and DFO-treated K562
cells.

Zinc concentrations (uM/1 x 10° cells)

Group Control Hemin Deferoxamine
Days n=3 n=3 n=3
1.Day  210.66+19.93* 206.00 +42.33.27° 219.00 + 18.52°
2.Day  186.66+14.93% 343.33+£162.70° 242.00 +25.87"
3.Day  279.20+62.05¢  353.33+106.05" 380.33 +40.48'
4.Day  42640+5856  241.00+32.34% 24533 £22.52'
5.Day  268.00+30.24™  372.33+66.55"  195.00+7.77

Results represent the mean + S.E.M. of three experiments. a-j; p = 0.049, d-j;
p =0.048, g-j; p = 0.042, j-m; p = 0.045, c-i; p = 0.035, i-p; p = 0.05.

increased significantly (74%) on day 3, compared with
day 1 (p = 0.035), on the other hand the levels decreased
significantly on day 5 (49%), compared with day 3 (p =
0.030).

4.3.2. Comparing Group Results

No significant differences were observed in the zinc lev-
els of the control group compared with DFO- and hemin-
induced groups from the 1% to the 5 day.

4.4. Hemin and DFO Effects on K562 Cell Iron
Concentrations (Table 3)

4.4.1. Comparing Daily Results

Iron levels of control cells decreased significantly (41%,
70%, and 28% respectively) on days 2, 3, and 5 com-
pared with day 1 (p =0.027, p = 0.003, p = 0.033 respec-
tively). In contrast, iron levels increased significantly
(142%) on day 5, compared with day 3 (p = 0.004). Iron
levels of hemin-induced cells decreased significantly
30% on day 4, compared with day 3 (p = 0.016). Iron
levels of DFO-induced cells decreased significantly
(22%) on day 3, compared with day 2 (p = 0.002).
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Table 3. Iron levels in control, hemin- and DFO-treated K562
cells.

Iron Concentrations (uM/1 x 10° cells)

Group Control Hemin Deferoxamine
Days n=3 n=3 n=3
1.Day  644.33+£4537" 39833+53.7° 559.66 + 154.97°
2.Day  381.66+2.02%  399.33+50.1° 426.33 +14.05'
3.Day  192.33+47.088 478.33+2331"  330.66+ 10.68'
4.Day  57533+138.85 332.00+33.05 437.66 = 56.52'
5.Day  464.33+£33.39™  441.66+59.42" 43833 +47.83°

Results represent the mean + S.E.M. of three experiments. a-d; p = 0.027,
a-g; p = 0.003, a-m; p = 0.033, g-m; p = 0.004, h-k; p = 0.016, f-I; p = 0.002,
g-h; p=10.002, h-I; p = 0.045.

4.4.2. Comparing Group Results

On the 3™ day, iron levels of hemin-induced cells (60%)
were significantly increased compared to the control (p =
0.002). Whereas it was observed that the levels of DFO-
induced cells were significantly decreased (31%) as
compared with day 3 of hemin-induced cells (p = 0.045).

5. Discussion

A number of essential trace elements play a major role in
various metabolic pathways. Selenium, manganese, cop-
per, zinc, and iron are essential trace elements that have
been studied in many diseases, cell proliferations, and
differentiations. Hematopoiesis in vertebrates, which is a
complicated multistep process, is a paradigm for the de-
velopment of diverse specialized cell types from multi-
potential stem-cells. These processes are associated with
a series of molecular events. The molecular events that

govern these processes are only partially understood [34].

The function of erythrocyte is oxygen delivery. Erythro-
poiesis is a complex multistep process. Obtaining syn-
chronized cells from long-term cultured proerythroblast
cells is very difficult which led us to use K562 cells,
which were suitable for this study. The K562 cell line has
been used as a model of common progenitor of erythro-
blasts and megakaryocytes and can be differentiated into
erythroid and megakaryocytic lineages by hemin (fer-
riprotoporphyrin IX) and phorbol myristate acetate (PMA)
respectively [34].

In this study, K562 cells were treated with hemin as an
erythroid differentiation inducer and DFO as an iron
chelator. Hemin caused accumulation of hemoglobin in
K562 cells and diminished growth potential of the cells
[35-37]. On the other hand, DFO has also been shown to
have antiproliferative effects on a number of cell lines in
vitro, including various carcinomas, hepatoma, leukemia,
and neuroblastoma cells [21-26]. We have also demon-
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strated that DFO and hemin treatment caused the inhibi-
tion of K562 cell proliferation.

The levels of trace metals such as selenium, zinc, and
iron in DFO- and hemin-induced K562 cells have not
been previously been assessed. We observed differences
between iron, selenium, and zinc levels of DFO-induced
and control cells on each day of the study. No differences
were found in selenium levels of DFO-induced K562
cells. However, there were differences between the sele-
nium levels of hemin-induced and control cells. The re-
sult can be interpreted that the proliferation of control
and hemin-induced cells might be regulated by alterna-
tive selenium levels. However, it is still unknown the
mechanism underlying the role of selenium in cellular
proliferation and survival. On the other hand it is a nec-
essary trace element for the cell culture [38].

There were changes in intracellular zinc levels of
DFO-induced and control cells, but hemin-induced cells.
Maclean et al. previously showed that the addition of
iron chelators to murine thymocytes decreased intracel-
lular zinc levels within 1 hour of incubation [39]. No
chelator is entirely specific for a given metal, and both
DFO and deferiprone chelate metals than iron (III) [39].
Also it was suggested that high zinc levels in C6 cells
cause programmed cell death [40].

We observed daily differences in iron levels of hemin-
and DFO-treated cells and control cells on each day of
the study. Iron is a major factor controlling hematopoi-
esis [30]. DFO-induced iron deprivation blocks erythroid
lineage differentiation of K562 cells in a standard in vitro
system [41]. In contrast, treatment of K562 cells with
hemin induces erythroid differentiation [41].

It is evident from the results of the present study that
alterations of selenium and zinc levels may play a role in
hemin-induction and DFO-inhibition of K562 cells, re-
spectively. On the other hand, different iron levels may
be effective in both hemin-induction and DFO-inhibition
of the cells. Better understanding of the effects of hemin
and deferoxamine on trace elements of K562 human
leukemia cell line, further studies are required on this
subject.
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