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Purpose: Cancer specific kiling can be achieved by therapeutic gene activated by cancer specific promotor.
Expression of sodium iodide symporter (NIS) gene causes transportation and concentration ofiodide into the cell,
therefore radioiodine treatment after NIS gene transfer to cancer cell could be a form of radionuclide gene therapy.
luciferase (Luc) gene transfected cancer cell can be monitored by in vivo optical imaging after D-luciferin injection.
Aims of the study are to make vector with both therapeutic NIS gene driven by AFP promoter and reporter Luc gene
driven by CMV promoter, to perform hepatocellular carcinoma specific radiodiodine gene therapy by the vector, and
assessment of the therapy effect by optical imaging using luciferase expression. Materials and Methods: A Vector
with AFP promoter driven NIS gene and CMV promoter driven Luc gene (AFP-NIS-CMV-Luc) was constructed. Liver
cancer cell (HepG2, Huh-7) and non liver cancer cell (HCT-15) were transfected with the vector using liposome.
Expression of the NIS gene at mRNA level was elucidated by RT-PCR. Radioiodide uptake, perchlorate blockade, and
washout tests were performed and bioluminescence also measured by luminometer in these cells. /n vitro clonogenic
assay with 11131 was performed. /n vivo nuclear imaging was obfained with gamma camera after 1131 intraperitoneal
injection. Results: A Vector with AFP-NIS-CMV-Luc was constructed and successfully transfected into HepG2, Huh-7
and HCT-15 cells. HepG2 and Huh-7 cells with AFP-NIS-CMV-luc gene showed higher iodide uptake than non
transfected cells and the higher iodide uptake was totally blocked by addition of perchlorate. HCT-15 cell did not
showed any change of iodide uptake by the gene transfection. Transfected cells had higher light output than control
cells. In vitro clonogenic assay, transfected HepG2 and Huh-7 cells showed lower colony count than non transfected
HepG2 and Huh-7 cells, but transfected HCT-15 cell did not showed any difference than non transfected HCT-15 cell.
Number of Huh-7 cells with AFP-NIS-CMV-Luc gene transfection was positively correlated with radioidine accumulation
and luciferase activity. /1 vivo nuclear imaging with 131 was successful in AFP-NIS-CMV-Luc gene transfected Huh-7
cell xenograft on nude mouse. Conclusion: A Vector with AFP promoter driven NiS and CMV promoter driven Luc
gene was constructed. Transfection of the vector showed liver cancer cell specific enhancement of IF131 cytotoxicity
by AFP promoter, and the effect of the radioiodine therapy can be successfully assessed by non-invasive
lJuminescence measurement. (Nucl Med Mol Imaging 2008:42(5):383-393)
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Figure 1. Construction of pShuttle vector with both NIS gene
driven by AFP promoter and Luc gene driven by CMV promoter.
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USA), 1% antibiotic-antimycotic 100X solution (GibcoBRL
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Table 1. Concentrations of AFP in Supernatant of Culture Medium

AFP concentration

Cell lines (ng/mi/1 X 10°cell day)
HepG2 1271.4

Huh-7 3314

HCT-15 0.15
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10° Mxs zjff— F liposome &2 #2 A} o] SH3ATh 4841
7 wheEst & 01 pCi/05 mi] WARESA(1-125) 2 10 mM
Nal7+ 371% HBSS (Hanks balanced salt solution, Invitrogen.
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Figure 2. mRNA expression of NIS gene in NIS gene transfected
HepG2 cell line. Lane A, CMV-NIS gene transfection, Lane B,
AFP-NIS-CMV-Luc gene transfection.
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A3 2Zel7t Pk (Fig. 3, 4, 5).
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Figure 3. Change of lodide uptake by AFP-NIS-CMV-Luc gene
transfection and perchlorate inhibition in HepG2 cell. HepG2/NIS
means AFP-NIS-CMV-Luc gene transfected HepG2 cell. HepG2
/NIS/KCIOs means KCIO4 pretreated HepG2/NIS.
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Figure 5. Change of lodide uptake by AFP-NIS-CMV-Luc gene
fransfection and perchlorate inhibition in HCT-15 cell. HCT-15/NIS
means AFP-NIS-CMV-Luc gene transfected HCT-15 cell. HCT-
15/NIS/KCIO, means KCIO4 pretreated HCT-15/NIS.
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Figure 4. Change of lodide uptake by AFP-NIS-CMV-Luc gene
transfection and perchlorate inhibition In Huh-7 cell. Huh-7/NIS
means AFP-NIS-CMV-Luc gene transfected Huh-7 cell. Huh-7/NIS
JKCIO, means KCIO4 pretreated Huh-7/NIS.
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Figure 6. Retention of radioactivity in AFP-NIS-CMV-Luc gene
transfected HepG2 and Huh-7 cells.

Luciferase®] @ Ami 2419} 441 RLU/2 X 10° cells® 1}
ebstrH(Fig. 7).
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Relative light uptake
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Figure 7. Luciferase activity in control and AFP-NIS-CMV-Luc
gene fransfected HepG2 and Huh-7 cells. AFP-NIS-CMV-Luc
means AFP-NIS-CMV-Luc gene transfected cell lines.
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Figure 9. Clonogenic assay. In an in vifro clonogenic assay,
Huh-7 cell and Huh-7 cell with AFP-NIS-CMV-Luc gene were
exposed to 0, 0.25 and 0.5 mCi of I-131, Huh-7 cell with AFP-NIS
-CMV-Luc gene showed lower survival rate than control Huh-7
cell.

71% {1El ¥isted, AFP-NIS-CMV-Luc %A=} ©]$] Huh-7
A Z= [-131€ 025 mCig A= A2 [-1318 2Fslx] &
= 5ol ¥t F2Y FAo| 2% Bistgon 4131
= 05 mCig Az F¢ F2U PAo] BAE =R 9kgir)
Fig. 9).

HCT-15 Al=of 1-1318 0.25 mCis} 0.5 mCig Hae A
¥ [F1318 HE|shAl @ A9o) wisle Ty ®A o
59%2F 94% <Q1¥| ¥&le], AFP-NIS-CMV-Luc 42} o]
HCT-15 MlZ& [-131% 0.25 mCist 05 mCiE Hes A
[F131& #28kA] o2 7ol vlste) 1) B®Ado] 8999k
67% A tH(Fig. 10).
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Figure 8. Clonogenic assay. In an in vitro clonogenic assay,
HepG2 cell and HepG2 cell with AFP-NIS-CMV-Luc gene were
exposed to 0 and 0.256mCi of 131, HepG?2 cell with AFP-NIS-
CMV-Luc gene showed lower survival rate than control HepG?2
cell.
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Figure 10. Clonogenic assay. In an in vifro clonogenic assay,
HCT-15 cell and HCT-15 cell with AFP-NIS-CMV-Luc gene were
exposed 1o 0, 0.25 and 0.5 mCi of I-131. There was no significant
difference of survival rate between two cells.
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¥ Ao E WAES A A 2 Luc 24
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2 AMIE S HFHE0) SO, luciferin o A luci-

ferase 4% Z7 W dhgiko] Zrkslgdvi(Fig. 11, 12).
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Enpe2o] 25 NER st FARE 2417F & [-131 500
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Figure 12. Increase of luciferase activity by increase numper of
AFP-NIS- CMV-Luc gene transfected cell.

Figure 13. 1131 Whole body scintigraphic images of fumor
bearng nude mouse. The mouse was subcutaneously trans-
planted with Huh-7 cell with AFP-NIS-CMV-Luc gene. Radiciodine
accumuiation  (ed armow) was measured 2 hour  ofter
intraperitfoneal injection of 0.5 MCi of I-131.
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