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Introduction:  

Cell-based therapies are a promising approach 

to face multiple medical questions. Therefore, 

non-invasive monitoring of those cells is an 

important issue. Today, even single cells can 

be monitored non-invasively with MRI using 

superparamagnetic iron oxide (SPIO) particles 

as MR markers. In MR images SPIOs cause 

hypointensities which, unfortunately, can also 

be induced by other causes, e.g. blood clots. 

Thus, monitoring of SPIO labeled cells is 

ambiguous. Recently, perfluorocarbon (PFC) 

particles have shown their potential as non-

ambiguous MR markers for detection of cells 

in-vivo. Due to the relatively weak fluorine 

signal 19F-MRI has limits to the minimal 

number of detectable cells. In order to 

combine the advantages of both methods, we 

present a study to monitor SPIO and PFC 

double-labeled cells in-vitro using 1H/19F-

MRI.  

Materials and methods:  

Cells from the human mesenchymal stem cell 

line hMSC-TERT were double-labeled. First,  

 

cells were labeled with perfluoro-15-crown-5-

ether (PF15C) emulsions using 

electroporation. Subsequently, the PFC 

labeled cells were co-labeled with SPIO 

particles (VSOPs) via incubation. 1H/19F-

MRI was preformed on a 7 T Bruker Biospec 

with a homebuilt, double-resonant birdcage-

coil. For high resolution 1H-MR images 

Gradient-Echo sequences were used. 19F 

Turbo-Spin-Echo experiments were performed 

with lower resolution to identify/confirm the 

location of the double-labeled cells. 19F-MRS 

was used to quantify the intracellular PF15C 

content. Furthermore, the intracellular iron 

quantity was measured with mass-

spectroscopy. Cell apoptosis and proliferation 

rates were determined using luminescence 

tests. Histological analyses of the double-

labeled TERT cells were performed with 

haematoxylin-eosin (H&E) and Prussian blue 

staining. 

Results:  

The double-labeled cells can be detected 

easily in-vitro using both 1H- and 19F-MRI. 

19F-MRS and mass-spectroscopy allow the 

quantification of the intracellular marker 
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content (PF15C particles and VSOPs). 

Apoptosis and proliferation tests show a good 

survival rate of the labeled cells compared to 

unlabeled control cells. Histological analysis 

confirms the double-labeling qualitatively.  

Discussion and conclusions:  

1H-MR images and 19F-MR images allow the 

visualization of the labeled cells and could be 

acquired in experiments lasting only a few 

minutes. The labeled cells appear as dark spots 

or regions in the 1H images and can be 

distinctly identified using 19F-MRI. Double-

labeling thus allows to monitor labeled cells 

non-ambiguously with high spatial resolution 

and may lead to quantitative cell imaging in 

the future using 19F-MRS. 

 

 
 
 
 
 
 
 
 
 
 

 


