
STEM CELL DELIVERY AND TRACKING  USING A MULTIMODALITY IMAGING APPROACH      
STEM CELL RESEARCH

Imagine a future where virtually all medical conditions and diseases can be 
treated using the same basic method of  treatment.  This is the hope for the 
scientists and medial researchers who are pushing the boundaries of  science in 
the field of  stem cell research.  

Transplantation of  stem cells into the human body is not a new idea, in the 
late 1960s work in this field had managed to take haematpoietic stem cells and 
transplant them (Nikolic et al 2009).  This early success has led to the 
continued push to unlock the power of  the therapeutic potential of  the stem 
cell.  In 1990 Joseph E Murray and E Donnall Thomas were awarded with the 
Nobel Prize (Nikolic et al 2009) to recognize their work in the field of  
“organ and cell transplantation in the treatment of  human disease” (Nobel 
Web AB 2009). 

These early stages of  research and development have lead us to now 
successfully treat and manage many haematologic disorders such as lymphoma, 
leukaemia and many others involving the transplantation of  haematopoietic 
stem cells (Nikolic et al 2009).

Today stem cell research continues and will require the use of  imaging 
modalities which are non-invasive to ensure accurate delivery and image based 
tracking to monitor their progress (Liu and Frank 2009).  

Stem cells have the ability to replicate, they mature into the cells of  the organs 
and tissues of  the human body and are responsible for repair of  damage and 
disease  (UK Stem Cell Foundation 2009).  Nikolic at al (2009) explains that 
there are two main types of  stem cells, the embryonic stem cells and adult stem 
cells. See Fig. 1 for a more detailed explanation into stem cell differentiation.

“Microscopic 20x view of  a colony of  undifferentiated human embryonic stem cells”
(University of  Wisconsin Board of  Regents 2004)

MRI, PET and SPECT are currently some of  the imaging modalities which are 
used to track stem cells in vivo as discussed by Wilson et al (2009).  Nikolic et 
al (2009) discusses and highlights much of  the current research in detail 
regarding the pros and cons of  the different modalities used to deliver and 
track stem cells.  MRI T1 and T2 weighted images are useful as they 
identify intensity changes in the signal after delivery to the diseased or injured 
site, however Beers et al (2007) highlights that a signal in itself  does not
 indicate viability of  the cell.  This theory is confirmed by Bulte (2009) when 
explaining that MRI imaging cannot identify cells which are live or dead, but 
will still be identified due to the inherent contrast residue.  

Hoshino et al (2007) discusses that good visualisation in SPECT must however 
be contrasted with the short half  life which does not allow for long term study 
to take place.  SPECT is highly sensitive and has some advantages over MRI 
but there is the issue of  ionising radiation to consider.  PET is more sensitive 
than SPECT and of  all the modalities is the one which allows for a more 
accurate measure of  the number of  stem cells, however there is the issue of  the 
short half  life allowing tracking for a few hours. (Hoshino et al 2007).  

Currently some techniques of   labelling  stem cells are with super-paramagnetic 
iron oxide (SPIO) agents for MRI and F18-fluorodeoxyglucose (F18-FDG) for 
PET and indium-111 oxine (In-111-Oxine) and technetium 99m exametazime 
(Tc-99m-HMPAO) as explained in Beeres et al (2007).  
Hoshino et al (2007) point out that when labelling the stem cells consideration 
has to be given to the possibility of  contamination to other cells and that there 
are no toxicity issues to adjacent tissues.  

“Approaches for Cell Tracking by Non-invasive Imaging” (Beeres et al 2007)

Fig. 1.  “Schematic diagram showing the lineage progression of  stem cells in the mammalian 
             blastocyst to adult somatic cells in various tissues” (Oertel and Shafritz 2008)

DELIVERY & IMAGING STEM CELLS

Nikolic et al (2009) discusses the role(s) played by imagers in the future and 
explains the need for these medical professionals to have an understanding of  
the processes involved and the possibility of  future role development.  

It is clear that as this technology will require a multimodality approach.  As it 
develops into the clinical setting radiology departments will be involved in the 
delivery of  the stem cells and there will be an increasing demand for follow up 
imaging, performed by radiographers, and reporting by radiologists.  It is 
therefore in the interests of  these professionals that they should be made aware 
of  these developments and have an understanding of  the processes involved. 

Amado et al (2006) discusses the use in clinical trails using existing 
interventional methods in the delivery of  labelled stem cells to the target zone 
using catheters under fluoroscopic guidance.  Dousset et al (2008) considers 
the use of  stereotactic and intravascular methods of  introducing stem cell to 
the brain with both having advantages and disadvantages. There have been 
some studies as highlighted by Bulte (2009) in human patients where delivery 
was achieved by interventional MRI and ultrasound guidance. 

It is known that the process of  repair of  haematopoietic stem cells involves 
resettlement to the damaged tissue (Calzi et al 2009), and therefore it can be 
said that a method of  imaging this migration should be beneficial to medics.  

 

THE STEM CELL

   ROLE OF THE RADIOLOGIST &  RADIOGRAPHER
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