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Development of Dual Reporter System of Mutant Dopamine 2 Receptor (DR)
and Sodium lodide Symporter (NIS) Transgenes

Do Won Hwang, BS." Dong Soo Lee, MD,PhD.™ Joo Hyun Kang, PhD? Young Soo Chang, MS?,
Yun Hui Kim, BS.", Jae Min Jeong, PhD2 June-Key Chung, MD,PhD2 Myung Chul Lee, MD,PhD?

Program in Neuroscience,' Seoul National University and Department of Nuclear Medicine,’ Seoul National University

Purpose: Both human NIS and mutant DR transgenes are proposed as reporting system in transplanted celi
tracking. Using hepatoma cell lines, we constructed a dual reporter system containing human sodium-iodide
symporter (hNIS) and dopamine 2 receptor (DR} and compared its characteristics. Materials and Methods: The
recombinant plasmid (pIRES-hNIS/DaR) was constructed with IRES {internal ribosome entry site) under control of the
CMV promoter. pIRES-hNIS/D:R was transfected to human hepatoma SK-Hep1 cell line with lipofectamine. HEP-ND
(SK-Hep1-hNIS/D:R) cells stably expressing hNIS and DR was established by selection with G418 for two weeks.
RT-PCR was performed to investigate the expression of both hNIS and DR genes. The expressions of hNIS and
DR were measured by ) uptake assays and receptor binding assays. Specific binding of DR to PHispiperone was
verified by Scatchard plot with (+) butaclamol as a specific inhibitor. Ky and Bmax values were estimated. The
correlation between hNIS and DR expression was compared by using each clone. Results: Similar quantities of
hNIS and DR genes were expressed on HEP-ND as RT-PCR assays. HEP-ND cells showed 30 to 40 fold higher
radioiodine uptakes than those of parental SK-Hep1 cells. ) uptake in HEP-ND cells was completely inhibited by
KClO, a NIS inhibitor. Specific binding to HEP-ND cells was saturable and the Ky and Bnay values for HEP-ND cells
were 292 nM, 745.25 fmol/mg protein and 2.91nM, 1323 fmole/mg protein in two clones, respectively. The
radioiodine uptake by hNIS activity and DR binding was highly correlated. Conclusion: We developed a dual
positron and gamma imaging reporter system of hNIS and DR in a stably transfected cell line. We expect that
DR and hNIS genes can complement mutually as a nuclear reporting system or that D2R can be used as
reporter gene when hNIS gene were used as a treatment gene. (Korean J Nucl Med 38(4):294-299, 2004)
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Fig. 1. This plasmid was constructed with DR and hNIS which were
linked with IRES under control of the CMV promoter. The
neomycin resistant gene was placed downstream of SV40
promoter separated from the CMV promoter in the same vector.
(hNIS: human sodium iodide symporter, DR dopamine 2
receptor)
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Fig. 2. Electrophoresis result presenfed by RT-PCR analysis of DR
and hNIS in 4 different SK-Hep1 cell lines. Each well showed mRNA
levels of both D:R and hNIS, which were transfected to HEP-ND
cell lines. In the result of RT-PCR, the similar expression levels of DoR
ond hNIS were observed in all the HEP-ND cell lines, whereas
neither gene was found in non-transfected SK-Hep1 cells.
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Fig. 3. lodine uptake measured in a SK-Hepl cell line expressing
hNIS on radioiodine uptake assays. The SK-Hepi cell line
fransfected with hNIS-DoR (HEP-ND) showed 30- to 40 fold higher
1% uptake than those of parental cells (black bar). 2| uptake of
HEP-ND cells was completely inhibited by KCIO4, a specific hNIS
inhibitor (white bar).

(b)

1000

800 |

600 F R2=0.9488

400 f

200 f

Bound (fmole/mg protein)

0 5 10 15 20
Spiperone (nM)

Fig. 4. Saturation curves of [3H) spiperone with HEP-ND cell lines (a; 600-1 cell line, b: 800-1 cell line). Cell homogenates were incubated
with increasing concentrafions of [H) spiperone ranging from 0.5 1o 16 nM in triplicates.
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Fig 5. Scatchard plotting derived from the saturation curves of Fig. 4. The calculated Ky and Bmax values of two different HEP-ND cell
lines (a: 600-1 cell line, b: 800-1 cell line) were 2.92 nM, 745 fmole/mg pratein and 2.91 nM, 1323 fmole/mg protein, respectively.
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Fig 6. The correlation of hNIS ond DR expression represented by
radioiodine uptake assay and (*H) spiperone (16 nM) binding
analysis in 6 cell lines. Both activities were correlated with each

other with the correlation coefficient of 0.85.
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Dual Reporter System of Mutant Oopamine 2 Receptor (D:R} and Sodium lodide Symporter (NIS) Transgenes
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