Quantification of Cerebral Gene Activities In vivo by Gene-targeting MRI
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Introduction Modified gene activities are known to precede phenotypic changes that are associated with normal
(developmental) and pathophysiological (disease) processes in brain. Procedures to evaluate gene activity in the brain
are not performed because the techniques used rely on biopsy at late stage of disease or autopsy samples. As the result,
there remains a gap between our scientific understanding of the gene activities that take place in active brains during the
evolution of diseases or disorders. To circumvent this limitation, our laboratory used superparamagnetic iron oxide
nanoparticles (SPION, a magnetic resonance (MR) contrast agent) labeled antisense DNA probe to image gene activities
in intact brains [1,2]. Although we have demonstrated that in vivo MR signal changes resembled qualitatively gene
perturbation observed in ex vivo molecular biological assays, quantitative representation of such perturbation in terms of
messenger RNA (mRNA) copy number has not been established. Messenger RNA quantification is routinely performed
on tissue samples using quantitative polymerase chain reaction (RT-gPCR). By combining both in vivo and ex vivo
methods, we positively correlated MR signal change and tissue messenger RNA (mRNA) copy number in normal, drug-
naive and drug-sensitized mouse brains.
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stimulation resulted in decrease GFAP mRNA copy number measured by RT-gPCR on striatal samples of the parallel
animal groups. (4) Correlation between MR signal changes and mRNA copy numbers was 1.0 (p=0.0041).

Conclusions Correlation between in vivo gene-targeting MRI and ex vivo RT-qPCR advances the possibility of

establishing this approach as a powerful quantitative MRI method to detect gene transcriptional changes in living brains.
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