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Imaging Gene Expression

Kyung-Han Lee, M.D.

Department of Nuclear Medicine, Sungkyunkwan University School of Medicine, Seoul, Korea

Abstract

The rapid progress of molecular genetic methods over the past two decades has necessitated the develop-
ment of methods to detect and quantify genetic activity within living bodies. Reporter genes provide a
rapid and convenient tool to monitor gene expression by yielding a readily measurable phenotype upon
expression when introduced into a biological system. Conventional reporter systems, however, are limited
in their usefulness for in vivo experiments or human gene therapy because of its invasive nature which
requires cell damage before assays can be performed. This offers an unique opportunity for nuclear ima-
ging techniques to develope a novel method for imaging both the location and amount of gene expression
noninvasively. Current developments to achieve this goal rely on utilizing either reporter enzymes that
accumulate radiolabeled substrates or reporter receptors that bind specific radioligands. This overview
includes a brief introduction to the background for such research, a summary of published results, and an
outlook for future directions. (Korean J Nucl Med 2000;34:1-9)
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Fig. 1. Principle of reporter systems (Fig. 1A) and nuclear imaging reporter systems (Fig 1B). A reporter gene
is transferred into a target cell via plasmid or viral vectors using various transfection techniques. The
transferred DNA migrates into the nulceus where the promoter driven gene is transcibed into mRNA,
which in turn tranlocates into the cytoplasm to be translated into reporter proteins. While reporter
proteins generally catalyze chemical reactions or emitt photons that can readily be detected or assayed,
nuclear imaging teporter proteins either accumulate radio-substrates or bind radio-ligands.
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Fig. 2. Herpes simplex virus thymidine kinase system. "'I labeled 2’-fluroro-2’-deoxy-1- 8 -D-arabino-
furanosyl-5-iodo-uracil (FIAU) is transported across the plasma membrane where it is
phophorylated by the enzyme. The product retained within the cell, thereby acts as a marker for

reporter gene CXpI'CSSi on.
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Table 1. 33233 Wo)] 2%+ Reporter F-A%}F W& 37} QA €3
Uids Reporter -2 &} AANA HhALA] o] ek o 4
1996 HSV1-tk olALst SFIAU SPECT
1996 HSV1-tk Q14ks} PLFIAU PET
1998 HSV1-tk o1 Ak3} BILFIAU SPECT
1997 HSV1-tk ol A18} BE_IVFRU PET
1996 HSV1-tk o] Ak3} BE_FACV PET
1997 HSV1-tk o] Ak3} BEFGCV PET
1999 HSV1-tk ol A3} BE_FPCV PET
1997 HSV1-tk olAk3} ®F_.FHPG PET
1998 HSV1-tk Q1 Akt ®F-FHBG PET
1999 sl D2 48 T84 A "E_FESP PET
1996 Cytosine deaminase golu] 5 AL 6-H-5-FC -
HSV1-tk: Herpes simplex virusl-thymidine kinase.
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Fig. 3. Magnetic resonance reporter system for /-galactosidase gene. (A) complex of Gd+3 with
4,7,10-triacetic acid-1-(eth-2-oxy- 8 -galactopyran ose)-1,4,7,10-tetraazacyclododecane is hy-
drolyzed by A -galactosidase causing a higher atomic relaxitivity of Gd+3 which leads to a
change in NMR signal.
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Fig. 4. Example of a method for constructing dual gene adenoviral vectors. The
nuclear imaging reporter gene may be cloned into a shuttle plasmid along
with the gene of interest. The cloned plasmid, together with an adenoviral
backbone plasmid, is cotranfected into human 293cells where successful
homogenous recombination results in virus production. The recombinant
adenoviral gene is deleted of certain regions turning them deficient in
replication outside 293 cells but competent in expressing inserted genes of
interest. Several methods exist for ensuring comparable expression from

both insert genes.
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