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Particles & Methods

N7B CD particles are carboxydextran coated and narrowly size distributed
Iron oxide nanoparticles optimized for stem cell labeling. The particles are
based on FeraSpin™, a contrast agent which is already used in various MRI
and MPI studies. Relaxation times were measured at 0.94 T @ 39 ° C using
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Introduction & Objective

Stem cell research In the field of regenerative medicine has increased significantly over the past few years because of the cells’ healing capacities In
neurodegenerative diseases such as Parkinson’s or Alzheimer’s disease. Monitoring and homing of stem cells in vivo Is essential for improved understanding
of their Interactions within the organism and their therapeutic effects. In this work, we present negatively charged iron oxide nanoparticles, which are
optimized for efficient stem cell labeling and possess optimal contrast properties for magnetic resonance imaging (MRI) as well as for magnetic particle
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SNAP (GRE SNAP) sequence. The magnetic particle spectra (MPS) of the
particles as well as of the labeled cells were recorded (20 mT/u0, f, = 20
kHz) with a commercial MPS system (Pure Devices).

Stem cell labeling & Assays

In vitro labeling of mesenchymal stem cells (MSC 's) was performed in
DMEM medium by incubation of 1.5*10°> cells in a 6-well plate under
standard cell culture conditions with the respective particle dispersion
having an final iron concentration of 0.1 mg/mL. After incubation the cells
were purified in order to remove non-incorporated particles. Subsequently,
the Iiron content per cell was determined using an photometric
phenanthroline assay. In order to assess potential cell toxicity, an MTT
assay, which detects mitochondrial activity as a measure of cell viability,
was performed.
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show the typical darkening originated by the iron oxide nanoparticles. A phantom with only
5000 labeled cells was able to be visualized and offers the possibility to monitor therapeutic effects in vitro as well as in vivo. The stem cell uptake of the

N7B CD particles is shown In Fig. 1b with the brownish color after incubation. Additional Prussian blue staining after removing the unbounded particles
confirms the findings. The intracellular uptake of the particles was shown by confocal and electron microscopy (TEM) by the existence of iron containing
vesicles (Fig. 1d and e). With 54 pg iron / cell N7B_CD shows an almost double as high iron uptake compared to Resovist. Because of the excellent iron
uptake of the negatively charged particles the magnetically labeled cells can be easily attracted by an external magnetic field (Fig. 4). This enables the
possibility of capture and transport the stem cells through the circulatory system to damaged tissue and organs improving homing and increasing the healing
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Fig. 3: a) iron uptake per cell of different particles after incubation for 24 h , b) iron uptake per cell over time
of N7B_CD and c) MTT test of different particles. In all experiments a final iron concentration of 0.1 mg/mL

narticles, an

potential. In order to assess
potential cytotoxic effects of the —
MTT test was
performed. The results show no
cytotoxic effects for the N7B_CD
particles after 4 h and 24 h
iIncubation (Fig. 3c).

Direction of magnetic attraction

Fig. 4. Interaction of magnetically
labeled MSC’s with an external
permanent magnet. Without a
magnet the cells are randomly
distributed (left figure). Applying
the magnetic field leads to a
movement into the direction of the
magnet (right figure).

Conclusion

In this study we report on highly effective and biocompatible iron oxide nanoparticles for in vitro stem cell labeling with optimized contrast properties for MRI
and MPS. The particle characteristics allow a direct labeling without the use of any transfection agents or other additional treatments, which Is favorable for
the future development of clinical applications. The optimal iron uptake characteristics enable the use of external magnetic fields to influence the labeled
cells, allowing not only their homing to a specific target but also capturing of the labeled stem cells in vivo.
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