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Background Magnetic resonance tracking of stem cells is an emerging application designed to monitor cell engraftment in vivo. Much effort has 
been directed towards developing efficient transfection methods to facilitate intracellular magnetic labeling with SPIO (ferumoxides). Although 
techniques utilizing poly-L-lysine (PLL), protamine sulfate (PS), and electroporation (Elp) have been proposed, the effects of these 3 transfection 
methods on cell engraftment parameters have not been investigated systematically.  
Objectives In vitro comparison of the engraftment parameters of magnetically labeled mESC with the 3 transfection methods using ferumoxides as a 
contrast agent was conducted. Critical biological determinants of cellular engraftment including longitudinal viability, differentiation capacity of 
mESC into cardiomyocyte, and iron content of mouse embryonic stem cells (mESC) were compared among the 3 transfection techniques.  
Materials and Methods Mouse ESC line transfected with Click Beetle Red luciferase reporter gene (mESC-luc+) and cardiomyocyte lineage 
specific promoter Nkx2.5 linked to downstream Green Fluorescent Protein marker (mESC-Nkx2.5-GFP+) were labeled using the PLL, PS, and Elp 
protocols as previously described (1-3). For assessment of cellular viability and proliferation of labeled mESC-luc+, a 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyl tetrazolium bromide (MTT) assay and bioluminescence imaging of CBR luciferase gene activity were conducted. Differentiation 
capability of the magnetically labeled mESC-Nkx2.5-GFP+ was assessed using differentiation protocol consisting of 150ng/ml noggin (R&D Systems, 
Minneapolis, MN) stimulation, an early cardiomyocyte differentiation agonist(4). At day 10 following the formation of embryoid bodies (EB) from 
undifferentiated mESC and induction of cardiomyocyte differentiation, the percentage of differentiated EB defined as spontaneously contractile EB 
under microscopic observation was measured and the percentage of Nkx2.5-GFP+ cells were analyzed with flow cytometer (BD Sciences, Franklin 
Lakes, NJ). Finally, iron content of 2x106 mESC was compared by measuring the largest area of MR signal dephasing among the 3 transfection 
methods.  
Results The longitudinal cellular viability and proliferative capability of the 3 transfection methods demonstrated no significant difference (p=NS) 
among the 3 techniques and also when compared to unlabeled cells as shown by MTT assay (Table 1) and bioluminescence imaging (Figure 1) at 
days 1, 4, 7, and 10. The differentiation capacity of mESC into cardiomyocytes also demonstrated no significant difference among the 2 transfection 
groups (PLL and PS) and unlabeled mESC as determined by % of beating embryoid bodies and % of Nkx2.5-GFP+ cells (shown in parentheses) 
while the Elp group demonstrated significantly lower differentiation capacity: unlabeled control 83.3% (1.73%), PLL 66.7% (1.39%), PS 83.3% 
(1.53%), Elp* 58.3% (0.62%) (*p<0.05). Finally, the PS group generated the largest area of dephasing signal consistent with highest transfection 
efficiency and intracellular iron content as shown in Figure 2 (PLL; 798.3 +/- 19.0 pixels, PS; 1360 +/- 218.7 pixels, Elp; 661.3 +/- 41.9 pixels, 
p<0.05).  
Conclusion Magnetic labeling of mESC using the 3 transfection methods is safe and effective. Although cellular viability and proliferative capability 
did not show any difference among the 3 methods, the differentiation capability of mESC transfected by Elp was most attenuated and iron uptake by 
PS was most efficient. 
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Figure 2. In vitro MRI signal dephasing by ferumoxides labeled 2x10^6 mESC. The largest 
areas of signal dephasing were measured. Transfection method employing PS demonstrated 
largest mean area of dephasing (p<0.05).  
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