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TRANSFERRIN-IRON-ANION COMPLEX TRANSPORT
INTO HelLa CELLS

Réka SINKLER', Melinda VEREBI-KERTESZ?, Déra NEMETH?,
Marianna PAP*, Ferenc KILAR®

Metals can be transported into cells via the central protein, transferrin,
which is a major component of the blood serum. Iron uptake of human cells occurs
through the serum transferrin — transferrin receptor pathway, providing also the
possibility for site-specific delivery of various therapeutic metal ions, drugs and
several small molecules. The aim of this study was to investigate the uptake of
fluorescently labeled transferrin-iron-anion complexes and to follow the effect on
the proliferation of immortal HeLa cell line. The results represent a solid starting
point for targeted drug therapy methods, especially with the possible application of
anionic drug substances.
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1. Introduction

Members of the transferrin family (ovotransferrin, lactoferrin,
melanotransferrin and human serum transferrin) play important role in the iron
storage and transport [1-3]. Melanotransferrin, having only one lobe (N-lobe), and
consequently only one active iron binding site, is not involved in the iron
metabolism, but it plays an important role in the proliferation and tumorigenesis
of melanoma cells [4]. Serum transferrin (sTf) is the most important member of
the transferrin family. It is synthesized in the liver and secreted into the blood
circulation [5]. The main role of sTf, having two — the N and the C-terminal —
lobes with respective iron binding sites, is the transport of iron to the place of
utilization, primarily to hemoglobin synthesis. Besides this function it has other
important functions, like the protection of the organism against microbial
infections, by binding iron(lll) ions causing iron deficiency in the pathogenic
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microorganisms [6, 7]. The concentration of serum transferrin is around 2.5
mg/mL in human blood, but only 30% of the iron binding sites is saturated with
iron [8, 9]. Although, transferrin’s main role is binding of iron(lll), it can bind
other cations can, as well [10]. The metal-ion binding occurs only in the presence
of a synergistic anion (in each lobe), which occupies two ligand positions in the
iron(111) coordination area. In vivo, bicarbonate anions take place in the iron
binding process, but in vitro other anions, e.g. oxalate, can replace the bicarbonate
[11]. The fact that other ions can contribute to the iron binding gives a basis for
targeted drug transport into cells via transferrin uptake.

Cancer treatment need adequate multivariable dose-restricting factors for
the success of therapy, to increase quality of life, and to ensure complete long-
term remission rates [12]. Targeted drug therapy can be a solution by enhancing
cellular uptake and decreasing systemic toxicity. Transferrin complexes can be
used as options to targeted drug delivery via the binding to transferrin receptors
(TfR). The upregulation of TfR expression on metastatic and drug resistant tumors
shows selectivity to cancer cells, which provides the elevated uptake of transferrin
[13-16].

Oxalate has concentration-dependent toxic effects. Oxalate induced cell
death was determined mainly in renal epithelial cells. Studies using HK-2,
LLCPK1, MDCK cells indicate that increased concentration of oxalate has
cytotoxic effects mediated by cellular apoptosis, because oxalate exposure induces
changes in membrane integrity, in the release of cellular enzymes, and in
membrane lipid peroxidation [17-21].

The aim of this study was to follow the incorporation of transferrin-iron-
anion complexes labeled with amino-reactive fluorescent isothiocyanate (FITC)
into HelL a cells, and to monitor the effect of the intracellular transport of bioactive
anionic compounds on the cells.

2. Materials and Methods

2.1. Chemicals

Lyophilized human serum transferrin was obtained in iron-free form (Lee
Biosolutions, St.Louis, USA) and in iron-saturated form, i.e. as diferric-
bicarbonate-transferrin complex (Sigma-Aldrich, Seelze, Germany). Fluorescein
isothiocyanate (FITC) was purchased from Sigma-Aldrich (Seelze, Germany), 4-
(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer, sodium-
hydrogen carbonate and oxalic acid were obtained from Reanal (Budapest,
Hungary).

2.2. Preparation and fluorescent labeling of transferrin-complexes
Stock solutions of transferrin-iron(l11)-anion complexes were prepared
from iron-free transferrin as it has been described previously [22]. The
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bicarbonate-containing diferric-transferrin sample was labeled as Fe; Tf(HCO3)2-P
and the oxalate-containing diferric-transferrin was labeled as Fe>Tf(ox).-P. A
stock solution of the commercially available diferric-bicarbonate transferrin was
labeled as Fe,Tf(HCOs3).-C. Fluorescence labeling of the transferrin solutions
was obtained by using 2 mM stock solution of FITC diluted in 200 mM NaHCOs
buffer, pH=8.75. The labeling was set to provide FITC:transferrin conjugates with
1:1 molar ratio as described earlier [23]. The complete reaction was obtained by
incubation in dark for 24 hours at room temperature. The excess of FITC was
removed by dialyzis in 20 mM NaHCO3 buffer, pH =7, for 24 hours.

2.3. Cell culture conditions
HeLa (ATCC-CCL-2, human cervical cancer) cells were a kind gift of
Prof. G. M. Cooper (Boston University, Boston, MA, USA). Cells were cultured
at 37°C in an atmosphere containing 5% CO>, in Dulbecco’s Modified Eagle
Medium (DMEM) (Sigma, St. Louis, MO, USA) supplemented with 10% Fetal
bovine serum (FBS) (PAN Biotech, Aidenbach, Germany).

2.4. Cell treatment with FITC-labeled transferrin complexes

HeLa cells were plated on 24-well cell culture plates, on poly-L-lysine
coated coverslips (10 cells/well). 24 hours later, the culture medium was replaced
by medium containing 50 pg/mL FITC-labeled iron-free-Tf, Fe;Tf(HCO3)2-C,
Fe;Tf(HCO3)2-P, Fe2Tf(0x)2-P samples or containing 50 pg/mL unlabeled iron-
free-Tf and Fe>Tf(HCO3)2-C samples. All solutions were filter-sterilized (Millex
Syringe-driven filter unit) before use. The cells were incubated with the
appropriate Tf-complexes for 10 minutes or for 1 hour, respectively. After
incubation, the cells were fixed with 500 ul 4% paraformaldehyde (PFA) at room
temperature for 30 minutes. The cells were stained by Hoechst 33342 dye
(Calbiochem, Darmstadt, Germany), which was dissolved (1:2000) in phosphate
buffered saline (PBS). After staining the excess dye was removed by washing in
PBS 3 times for 5 minutes. After the washing steps, the coverslips were removed
from the wells and placed onto glass slides and embedded with 3 pl Vectashield
(Vector Laboratories, Burlingame, CA, USA) mounting medium. For
visualization, an Olympus FluoView 1000 confocal laser scanning fluorescence
microscope (Olympus, Center Valley, PA, USA) was used. The FITC was excited
in photon counting and sequential mode creating single-plane images. The
experiment was performed twice, each time in duplicates.

2.5. Proliferation assay
2x10% HelLa cells/well were plated on 24-well plates. The next day the
cells were treated with transferrin-containing media, i.e., containing 0.2 g/L iron-
free-Tf or Fe Tf(HCOz3).-C or Fe,TF(HCO3).-P or Fe Tf(0x)-P complexes. The
cell proliferation experiments lasted 3 or 6 days, respectively. The cells, which
were cultured for 6 days were treated with fresh culture medium with the same
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transferrin content after three days. At the end of the proliferation experiments the
culture medium was removed, and the cells were trypsinized with 500 pl
trypsin/EDTA solution to release the cells from the surface of the wells. The
reaction was stopped with 500 ul culture medium. The cells were centrifuged and
resuspended in culture medium, then counted in a Bulrker chamber. The
proliferation assay was performed in triplicates.

3. Results

Transferrin-complexes containing iron(l11) ions and bicarbonate or oxalate
anions were prepared. The internalization of these complexes into HelLa cells was
verified using confocal laser scanning fluorescent microscopy.

3.1. Internalization of FITC-labeled complexes into HelL a cells

Cells were incubated with different FITC-labeled transferrin complexes in
order to assess internalization capacity and to visualize their intracellular
localization. Since the cells contain molecules (e.g. reduced pyridine nucleotides -
NADH, oxidized flavins - FMN, FAD, which can emit fluorescent light), this
intrinsic property of cells, causing the so-called auto fluorescence, should be
considered in the experiments. Therefore, the green fluorescence of the control
cells was set as low as possible and the same laser settings was used to analyze the
cells treated with FITC-labeled transferrin-complexes.

Representative results of non-treated HelLa cells and cells treated with
FITC-labeled diferric-bicarbonate-transferrin complexes are shown in Fig. 1.

Fig. 1. Confocal laser scanning fluorescence microscopy images of HeLa cells: (a) control (non-
treated) HelLa cells, (b) HeLa cells 10 minutes after treatment with FITC-labeled diferric-
bicarbonate-transferrin,
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Fig. 1. Confocal laser scanning fluorescence microscopy images of HeLa cells: (c) HeLa cells 1
hour after treatment with FITC-labeled diferric-bicarbonate-transferrin, and (d) HelLa cells 1 hour
after treatment with FITC-labeled oxalate-containing diferric-transferrin. The blue color indicates

the cell nuclei stained by Hoechst 33342 dye, and the green staining shows the distribution of
FITC-labeled transferrin.

In order to see the cell nuclei staining with Hoechst 33342 dye was
performed appearing as blue color on the pictures. The 10 minutes incubation
with FITC-labeled transferrin-complexes (green color) could be seen on the
membrane of cells as bright spots and scattered inside the cells, as well, showing
that FITC-labeled complexes are already internalized into the cells appearing as a
homogenous staining (Fig. 1b). 1 hour after the treatment the FITC-labeled
transferrin-complexes are accumulated in vesicles next to the nucleus (Figs. 1c
and 1d). The treatment of the cells with all kinds of transferrin complexes were
performed in duplicates and showed FITC accumulation in the cells in all cases.

3.2 Cell proliferation monitoring
After proving the internalization of transferrin-complexes into the HelLa
cells cell-proliferation-studies were performed.
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Fig. 2. Averages of cell numbers in proliferation experiments. HeLa cells (2x108 cells) were
cultured in medium containing 10 % FBS. The control experiment was performed only in the
medium, while culturing was followed in the presence of added iron-free transferrin or various
transferrin-iron-anion complexes, as well. The experiments lasted for 3 or 6 days.

HeLa cells were plated (2x10° cells/well) on cell culture plates and
cultured in medium containing added human transferrin samples, such as iron-free
Tf, Fe,Tf(HCOs),-C, Fe,Tf(HCO3)2-P or Fe,Tf(ox)2-P. The concentration of the
protein in the medium was 0.2 g/L. The cells were grown for 3 or 6 days and
counted after finishing the experiments. Cells in the presence of added human
diferric-bicarbonate-transferrin complex proliferated ca. twice as much as the
control cells. Both, the commercially available diferric-transferrin (Fe.Tf(HCO3).-
C) and the diferri-transferrin prepared by us (Fe-Tf(HCO3).-P) had the same
proliferation effect.

Interestingly, the presence of the iron-free transferrin in the culture
medium also caused a slight increase in the proliferation. However, the
replacement of the bicarbonate with oxalate (i.e., applying the Fe,Tf(0x)2-P
complex) caused a strong inhibition in cell-proliferation as it was observed after 6
days.

4. Conclusions

HelLa cells were selected for the studies, since it is well known, that the
HeLa cells express TfRs [24], thus this cell line constitutes a valid model for
internalization, as well as, cell fitness and cell growth properties. The
internalization and intracellular trafficking of the Tf-complexes was monitored by
using a confocal laser scanning fluorescence microscope, which visualized the
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proteins labeled with the fluorescent FITC dye. The biological effect of human
serum transferrin-complexes containing different anions on the proliferation of
HelLa cells was also studied. It was found that the synergistic oxalate anion bound
at the iron-binding site is responsible for a significantly lower proliferation rate of
HeLa cells, while the addition of transferrin complexes containing bicarbonate
increased the proliferation compared to the control cells.

This observation directs our interest towards the role and possible “bio-
application” of anionic substances or drugs. The overall results prove that
choosing appropriate anions in Tf-complexes may take part in drug delivery via
receptor mediated endocytosis. The transferrin complexes show the possibility to
deliver anionic molecules into tumor cells, which can be applied in targeted
anticancer therapy.
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