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Purpose: Cancer specific killing 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 1-131 was performed. /n vive nuclear imaging was obtained with gamma camera after 1-131 intraperitoneal
i 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. in 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
luminescence measurement. (Nucl Med Mol Imaging 2008:42(5:383-393)
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BE RES A%, EoR V AFELE AYF F
ol A H2 NIS A4S Adstgi

2 CMV Z22H0| =X 2= Luc F8A Hg HME
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£2 primerg ©]&3} PCR 7|22 A4Hst¢it}. pcDNA3
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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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AFP7} 2= AR 7R EF9] HepG29F Huh-7¢
AFP7} W@ s A = Al tideh AlEF HCT-158 A3l
o]&-5}9ith HepG29t Huh-7 Al 3+ 10% FBS (GibcoBRL Co,
USA), 1% antibiotic-antimycotic 100X solution (GibcoBRL
Co, USA)7} #7189 D-MEMul<keliol A wjekstolom,
HCT-15 MlE& & 10% FBS (GibcoBRL Co, USA) 7} 37}
¥ RPMI-1640 viFeiolA] weksiaich wier =72 37T,
5% COp vl F710o0 A vjokalgict. zF Ml 252 v g AFP
FES ® 13 724tk Table 1).

3. AFP-NIS-CMV-Luc ¥ 34 ©]9]
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Liposome (Lipofectamine plus, Invitrogen Co, USA)S &3
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TAIZE o ekslar A wfFall S 750 i 4 H7pslich DNAC]
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Table 1. Concentrations of AFP in Supernatant of Culture Medium

AFP concentration

Cell lines (ng/mi/1 X 10°ell day)
HepG2 12714

Huh-7 ald

HCT-15 0.15

4, FARSA ARAS 23

AZhd S A A FHES golr7] $18te] HepG2,
Huh-73} HCT-15 A1 ¥£2 24 well #W1327] & well B 2 X
10° A ZZ AZ 3 liposomeS. & FAA 0|92 3t%th 484
7+ wjFE & 0.1 pCi/05 mle) HAYS2(1-125) 9 10 mM
Nal7} 3171l HBSS (Hanks balanced salt solution, Invitrogen,
USA) & 7} wellel 05 ml¥ ¥tk 5% COs, 37 T w710l
A 15, 30, 60 ¥7F wigstct. Z4+ AlZteieh A7k 2 ml
HBSS 2 F ¥l #4387 2% SDSZ A E &3] F 7oA A
Z7)(Cobra II. Packard, USA) 2 M X <ol AH % WA
2489 2t 43 E A Ee] dufA oS A3l A BCA
okl A A2k 7)E(Pierce Co, USA)E AME-3l4iTh NIS &4
2] 715E F45] AT PAISE HFE S A S0
uMe] KCIOwE #7tsled ClOs ol o8l 49 4371 A3l =]
=28 71t WA &4 2] 4382 pmol/mg protein
o2 sty #Hristooh WAMISA HAAER {AHAL
ol ME FE dFT F UEAE FolH7] 5y,
AFP-NIS-CMV-Luc $##47} o8 HEZE 0125x10",
0.25¢10%, 05x10°, 1x10°, 2x10° 7} wjkate] $1o} ELF o
Hog vAe L HFEE A
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AFP-NIS-CMV-Luc 227} ol¥ HepG29 Huh-7
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9, 12, 15, 21, 27l HBSSE 3|gste z} A7) 34¢
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2 S F4E M SAE WELE sty 3

st

6. Luc %85 54

AFP-NIS-CMV-Luc #4217} o€l HepG2, Huh-73}
HCT-15 MEA luciferase®] B85S SAs24, F43
ol¢] ¥ 48AI7toll 27k PBSE 23] M & 1 X lysis
bufferz MEE &allstalch &3ld MEE 47T, 12000 rpm
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Figure 2. mRNA expression of NIS gene in NIS gene fransfected
HepG2 cell line. Lane A, CMV-NIS gene fransfection, Lane B,
AFP-NIS-CMV-Luc gene transfection.
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7. 1-131 A X545 574 (Clonogenic assay)
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1. AFP-NIS-CMV-Luc 387} o] Y€ 7Ht Al
FolA o] NIS frAax @d 2 A S A HAE
3
AFP-NIS-CMV-Luc %47} o] HepG2 M E& NIS

frAz7F BEES RT-PCRE 8918 4 912t (Fig. 2)
HepG2¢} Huh-7 Al 2] HAMI S 2 43 &2 16489 27}

233} 39 pmol/mg protein©] A1, 30&9= 799 61 pmol/mg

protein®] 1. 2.1, 60%-9+= 1293} 91 pmol/mg protein®] %t

AFP-NIS-CMV-Luc F#A& ©|9A121 HepG29 Huh-7

A FEo] WA A e 1580 2zt 413} 737 pmol/mg

protein® & A3 =3 308l= 989k 807 pmol/mg protein

02 AFEAL, 608l 16134 678 pmol/mg protein® = 4

F 5o} NIS f-44 wdel Qs WA S48 HHF7HF 9l

ped=3
AFP-NIS-CMV-Luc f#A#7} oY% HepG29+ Huh-7

A Zo| ClOy & A2 Al WA &4 43 o] 158 ztz}h 22

3} 50 pmol/mg protein®] ¥, 3040+ 759 58 pmol/mg

protein®] 94X, 608l 1233} 83 pmol/mg protein® 2, NIS

FAA wHo og) Z7HE 4 HFH &) Cloy o ¢ls) ghd

3 A3 =yt 1Y AFP7F 2 E A &= tES Ax

ZFo] HCT-154A1%2] 158, 308 608 WAMISA HHAES

70, 169, 165 pmol/mg protein® & o|%on, AFP-NIS-

CMV-Luc #3828 ol A WA &4 HHA&2 158,

30% 600l 74, 150, 143 pmol/mg protein®.Z A& oY

Az Ze7t fiitH(Fig. 3, 4. 5).
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‘igure 3. Change of lodide uptake by AFP-NIS-CMV-Luc gene
ransfection and perchlorate inhibition in HepG2 cell. HepG2/NIS
neans AFP-NIS-CMV-Luc gene transfected HepG2 cell. HepG2
'NIS/KCIOs means KCIO, pretreated HepG2/NIS.
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Figure 5. Change of lodide uptake by AFP-NIS-CMV-Luc gene
fransfection and perchlorafe inhibition in HCT-15 cell. HCT-15/NIS
means AFP-NIS-CMV-Luc gene fransfected HCT-15 cell. HCT-
15/NIS/KCIO; means KCIO, pretreated HCT-15/NIS.

2. BARSE 7 EF A

3087 YAMI A& 4# A2 AFP-NIS-CMV-Luc #3
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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
JKCIO4 means KCIO, prefreated Huh-7/NIS.
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Figure 6. Refention of radioactivity in AFP-NIS-CMV-Luc gene
transfected HepG2 and Huh-7 cells.

Luciferase®] 38 AEE 2419} 441 RLU/2 X 10° cells2 1}
el Fig. 7).

4. AFP-NIS-CMV-Luc ##A&7} o]¢lol <3 I-
1319] g 54 F7}

HepG2 Al 1-131 025 mCi2 A2 7% 1-131S A
2lakA] P2 7ol wiske] F2Y FAlo] 73%9} 81% d|
H]3le], AFP-NIS-CMV-Luc #3# ©]|9 HepG2 AlE&
[-131 0.25 mCiZ H2|g 24 [-131S M8l & 7Sl
v3le] F2Y Alo| 51%E 747} AATHFig, 8).
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Figure 7. Luciferase activity in confrol and AFP-NIS-CMV-Luc
gene transfected HepG2 and Huh-7 cells. AFP-NIS-CMV-Luc
means AFP-NIS-CMV-Luc gene fransfected cell lines.
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Figure 9. C ic 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% <14 H]ste], AFP-NIS-CMV-Luc #42F ©]9] Huh-7
A EE 1-1312 025 mCiE A3 35 11318 A A &
& 739l viste FR2Y YAo] £2%2 FAdLm, [-131
£ 05 mCiE APd 4% F2Y FAo] AFHA Gtk
(Fig. 9).

HCT-15 Al X0 1-131% 025 mCi% 05 mCi& AHelg 7
< [-1312 AsA ¥ Agol "t 22Y FA40l
59%%} 94% <1d| v]&te], AFP-NIS-CMV-Luc 417k ©]¢)
HCT-15 A %E 1-1312 025 mCis} 05 mCiE A 23+
[-1318 AZslA 2 735 vlate] F2Y Aol 89%2t
67%SAtHFig. 10).
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Figure 8. Clonogenic assay. In an in vifro clonogenic assay,
HepG2 cell and HepG2 cell with AFP-NIS-CMV-Luc gene were
exposed to 0 and 0.25mCi of 131, HepG2 cell with AFP-NIS-
CMV-Luc gene showed lower survival rate than control HepG2
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 to 0, 0.25 and 0.5 mCi of I-131. There was no significant
difference of survival rafe between two cells.
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Figure 11. Increase of lodide uptake by increase of AFP-NIS-

CMV-Luc gene fransfected cell number.
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Figure 12. Increase of luciferase activity by increase number of
AFP-NIS- CMV-Luc gene transfected cell.

Figure 13. I-131 Whole body scintigraphic images of tumor
bearing nude mouse. The mouse was subcutaneously frans-
planted with Huh-7 cell with AFP-NIS-CMV-Luc gene. Radioiodine
accumulation (red amow) was measured 2 hour ofter
intfraperitoneal injection of 0.5 mCi of I-131.
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