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Results and Conclusions 
 
“IMAGENE Non invasive molecular imaging of gene expression useful for  
doping control: Pilot study in animals after erythropoietin gene transfer” 
 
The project IMAGENE (Non invasive molecular imaging of gene expression useful for 
doping control: Pilot study in animals after erythropoietin gene transfer) was approved 
by WADA on October 2004 for an initial period of one year. The results of this first 
period were presented to the WADA Committe on Gene Doping in Stockolm on 
December 2005. As a consequence of the recommendations of the meeting, an 
extension of the project was approved on March 2006. In this final report, an update  
of the overall project is presented. 
 
The hypothesis underlying the project was based on several assumptions. The first 
was that most of gene transfer processes produce the expression of an mRNA for the 
target hormone-protein in unusual cells or tissues. The second was that these mRNA 
molecules will hybridize with suitable antisense modified oligonucleotides such as 
PNAs introduced in the tissues expressing the ectopic hormone-protein. The third was 
that if a radiolabel of appropriate energy is associated to the modified oligonucleotides, 
the detection of the unusual hybridization may be carried out non-invasively from the 
outside of the body by suitable imaging technologies. 
 
Thus, the global objective of the project was to develop a pilot study in animals (mice) 
to verify the hypothesis for further potential extrapolation of the approach to humans in 
the future. 
 
The specific objectives were as follows 
a) to develop modified oligonucleotides (peptide nucleic acids (PNAs) with cell 
penetration properties (Tat-PNAs) to hybridize mRNA expressing transfected 
EPO. 
b) to label the Tat-PNAs with radiochemicals suitable for radiological external 
detection. 
c) to evaluate in vivo the imaging capability (PET/SPECT) in animals expressing 
EPO in muscle after a gene transfer process 
d) to develop recommendations for the development of similar procedures for the 
detection of EPO and other gene transferred doping hormone-proteins in 
humans. 
 
All the objectives of the IMAGENE project (out of PET studies) were accomplished. 


