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Establishment of a Hepatocellular Carcinoma Cell Line Expressing Dual
Reporter Genes: Sodium lodide Symporter (NIS) and Enhanced Green
Fluorescence Protein (EGFP)
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Hwa Young Lee, BS.' Jeongsoo Yoo, Ph.D."”> Teoan Kim, Ph.D.’, Kwon Soo Chun, Ph.D.,
Gi Jeong Cheon, MD." Sang Woo Lee, MD?, Byeong-Cheol Ahn, MD.), and Jaetae lee, MD.

lDepartment of Molecular Medicine and *Nuclear Medicine, Kyungpook National University School of Medicine, Daegu,
Korea; 2De;xzrz‘ment of Physiology, Catholic University of Daegu, School of Medicine, Daegu, Korea; Korea Institute
of Radiological & Medical Sciences, Seoul, Korea

Purpose: Dual reporter gene imaging has several advantages for more sophisticated molecular imaging studies
such as gene therapy monitoring. Herein, we have constructed hepatoma cell line expressing dual reporter genes
of sodium iodide symporter (NIS) and enhanced green fluorescence protein (EGFP), and the functionalities of the
genes were evaluated i vivo by nuclear and optical imaging. Materials and Methods: A pRetro-PN vector was
constructed after separating NIS gene from pcDNA-NIS. RSV-ECFP-WPRE fragment separated from pLNRGW was
cloned into pRetro-PN vector. The final vector expressing dual reporter genes was named pRetro-PNRGW. A
human hepatoma (HepG2) cells were transfecied by the retrovirus containing NIS and ECFP gene {HepC2-Nb).
Expression of NIS gene was - confirmed by RT-PCR, radioiodine uptake and efflux studies. Expression of EGFP was
confirmed by RT-PCR and fluorescence microscope. The HepG2 and HepC2-NE cells were implanted in shoulder
and hindlimb of nude mice, then fluorescence image, gamma camera image and [-124 microPET image were
undertaken. Results: The HepG2-NE cell was successfully constructed. RT-PCR showed NIS and ECFP mRNA
expression. About 50% of cells showed fluorescence. The fodine uptake of NIS-expressed cells was about 9 times
higher than control. In efflux study, Ti; of HepG2-NE cells was 9 min. HepG2-NE xenograft showed high
signal-to-background fluorescent spots and higher iodine-uptake compared to those of HepC2 xenograft.
Conclusion: A hepatoma cell line expressing NIS and ECFP dual reporter genes was successfully constructed and
could be used as a potential either by therapeutic gene or imaging reporter gene. (Nucl Med Mol Imaging
2007:41(3:226-233)
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dopamine D2 receptor, D2R) 9} HSV1-tk (Herpes simplex
virus type 1 thymidine kinase)ﬂ 71 8] ARRES 9l
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1. pRetro-PNRGW ¥

pSIREN-RetroQ Retroviral Vector (Clontech, USA)®l
AIaLE ﬂalﬁ}‘ﬂ U6 promoter?} puromycin A A &
AAE AAG T pcDNA-hNISERE hNIS§HAE 22
&t PGK promoterel] 9 &35 = Retro-PNE +%3H%
o} 7183 pLNRGW (LTR-NeoR-RSV-EGFP-WPRE)Z
HE] RSV promotero] &3] EGFP #3447t #d=HE
RSV-EGFP-WPRE XM ¥& #2549 pRetro-PN €]
zojgte = NIS® EGFP 427t ¥8=E= pRetro-
PNRGW (PGKp-NIS-RSVp-EGFP-WPRE) #H& +5
3=

2. NEF

Atk 7R AlEF HepG2e 10% fetal bovine serum
(FBS. GibcoBRL Co., USA). 1% anitibiotic-antimycotic
(GibcoRRL Co., USA)e] # 78 Minimum essential medium
a (MEM-a, GibcoBRL Co. USA)olA wi<Fatdch Retro
virus?] packaging A ¥=F¢1 GP2-293 Al #(Clontech, USA)
= 10% FBS, 1% antibiotic-antimycotice] # 7} Dulbecco's
modified eagle medium (DMEM)ol| A wfkatdvl 72+ Al
FE 37C, 5% CO; 27 9] wiok7lela wiekstaith

3. Retro virus A4 2 74

VirusE #8371 Y84 22 10 ug®l pRetro-PNRGW
9} pHCMV-G plasmid DNAS 1x10°9] GP2-203 Al o]
calcium phosphate transfection kit (Invitrogen, USA)}E At

L3te] A ALl A AAE PR JAHY FFoY
(co-transfection)& &gt} 37C, 5% CO; A 8AIZH
Wiekaly PBSE 28 FAIS F A2 wjgd o wits)
T, 4847kl ATBE T retrovirusE FESIA T A4kE
retrovirus= 5 wg/mle) polybreneS #7}sted HepG2 Al ol
ZaxZom, GFP7E 2dH= AE 7 238 colonyE
a7 93 2 colony & 24 well platedl] HZstoh A8
9 colonye A dste] SR NESFE SRS § ohe
A@o) Abgatgdth A8 HepG2 AlEE HepG2-NE Al
B HH skt

4l dlo

4, QANEAE FHAALAHS (reverse transcrip-
tase polymerase chain reaction, RT-PCR)
HepG2-NE Al EZRE NIS f4z1e] 23dg &o1317]

9ste] RT-PCRE Fa3i5th 1A &8 ALFE2H
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Fig. 1. Electrophoresis result of hNIS using RT-PCR in ethidium
bromide stained gel. M; size marker, P; pRefro-PNRGW plasmid, 1
HepG2, 2; HepG2-NE.
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Trizol (Invitrogen, USA) W& o|-&3l] A RNAE
23} 5 Access RT-PCR System (Promega, USA)-& A
ala] RT-PCRE Al8)5t9ith 48'Col A 4587 HZAF b
& 483} first strand cDNAS 418 o3 94°CellA] 2
7} denaturation ¥-2 & 94°C 1%, 55°C 1% 83l 72C
o] PCR WH&< 353 ARt JAMNEL THAL
Huro] AME-g NIS fdAMe] Z2lo|w = upstream X
golw 5'-CCTTCTACACGGCTGTGGG-3'# downstream
Zgtold] 5-TGGATGCTGTGCTGAGGGTG-3' 01, A
gzzoe 2 A3 GAPDH (Glyceraldehyde 3 phosphate
dehydrogenase) ko™ upstream Z#ol® 5-AAATC
AAGTGGGGCGATGCT-3# downstream Z&elH 5'-
AGCTTCCCGTTCAGCTCAGG-3'olt}.

He oo ofp 4

ﬁ
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e

A7vE RS A AFEE SAS st 24 well

plated] & wellZ 1x10° HepG29} HepG2-NE A 25 HE
gtk 24A7F ¥jFd ¥ 37 kBq/0.5miel PAMIS A
(I-125) ¢+ 10 mM sodium iodide (Nal)7F #7t8 Hanks
balanced salt solution (HBSS, Invitrogen, USA)S 7+ well
o 0.5 m® 2UT 5% COp, 37°C W7 ol A 5, 10, 15, 30,
45, 60, 90, 120%7F wieFatdch. zt Al 27he 2 ml
HBSSEZ T ¥ FAIBLY 2% SDSE M E 43 & 7“3]"“ 74]
Z7](Packard, IL, USA)Z A2 W 4% WArbs
Astgeh 2 AHE AxY wud 2 &4 O}JJ} BCA
w2 A 7 (Pierce Co. USA)E A1&-3hsith NIS
Azl 7152 11125 A€ 244 50 mM KClO:E F7Hat
o Clos o 98l a9 HH7E AsHEAE Bt
AL 240 AHES AT whdo) kog RHAS

pmol/mg protein®.2 $2sle] 3 7}5) o)
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6. AEAA WA EAE FEF A

NIS §427} ©19% HepG2-NE M EAA A" WAL
A La $EFE SASAT A sS4 dFHE
3} 7ro] 74 kBq/mlel 1-125¢F 10 mM¢e] Nal’t E3l+=
HBSSE ¥ 37Co)A 3027 wiokst § A7he HBSSE
T Aojdith A HBSSE ¥ 0, 3, 6, 9, 12, 15, 21, 27
ol HBSSE 3l5esle] 7t Al7be]l 341 HBSSOlA Y
28 A $29 WASS 7Rk AlS 7] (Packard, 1L
USA)Z &Astath SHE WA She Fo%d 3
W&z Fatate] BrlstAh

=
=

oX

=
PE 2B ARUdedd gsdyh FE AFLANA
AYEZ ALE A9 FAFE F43 YA AMS
a9tk HepG2 7HAIE9F NIS$ GFP7E ol 948 HepG2-

NEMZE 3x10'3} 6x10° MEZ Az F FE vpgxe
o7 ot thE R HeFAsty T/t FAHESE AT
2ZE8 PET 94l o83 £52& thE el 6x10° Al
EE FAFsATH

Zuigte kel A2 22 PET G422 AA oA o]
# AlEe NIS gufde) 23S A2 deprtdzt ¢
A d52 st 1-123 56 MBg2 87 Ul FAEAH,
[-124 (12.95 MBq) &= 7 BI Ao E3ala] ZASHE T WAL
A S FAF 2N F ozbz wiEr Y 2E77F A At
7} 2l Basicam, Siemens, USA) ¢+ 2FE8 PET (Concorde
MicroPET R4, Concorde Microsystems Inc., Knoxville,
Tennessee) S ol-g3ale]l AA GiE 53Ut =3I
EGFP9 942 ZAs7 st Alxol 1647 Fol ¥
#7}d 2}(Chemi Pro, Roperscientific, USA) & ©]-&3}
e FEanh Arpiizlel d3otbet 9 52 8
EvbH (2 mg/200d A4 7)) & AHEIIAEL, &FF
PET 94& isofluraned AHE-sked w3 oA F4d&
S3tsich

_Ilﬂ ol

fot ofo r& o2
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1. NIS¢t EGFP #4349 ws 4]

HepG2-NE M EolM 2z RNAEZ Eg & NIS%
GAPDH primer® RT-PCRE A& Axe Figlel e
Witk HepG2-NE Al Zol M= NIS #7247F wd o] 9l
2 91 4 U, pRetro-PNRGW F#AE o] Y34
e HepG2 MEE NIS7F w8 Ex gtk §42 oY

= 0] HepG2-NEMZE 38 nAo g gl A3
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Fig. 2. EGFP gene expression in HepG2 cells fransfected with Retro-PNRGW retroviruses. Field: (A.C) bright field, (B.D) fluorescence.
Magnification: AB; 80x, C,D; 100 x

300 _ 50% o148 AZEe] F3E Wi de AL AAT F 2
- A THFig. 2).
g 250
§ 200 2. WA S A HAE
E HepG2-NE M X9 WAMS A A& 108 130
\Z 150 pmol/mg protein, 30%91+= 207 pmol/mg protein ©]$ 2™,
-‘% o 1208014 9] 4% &S 248 pmol/mg protein® 2 7} E
g o}, 3049 HFA &S WwEH HepG2 Al XA Ha&2
€ ol 234 pmol/mg protein® 24 HepG2-NE A9 4% &0
j HepG2 M £ 4228} o 98 94T} HepG2-NE A%
05 1,0 115 :;0 z;s 6;) 9‘0 12'0 8 COC2 ARSS . 02 BAIEE AARELS o
Time (min) 19 pmol/mg protein® & ZFA=E i ch(Fig. 3).

Fig. 3. Radiciodine uptake by HepG2 cells without perchlorate
(0. n=3), HepG2-NE without perchlorate (M. n=3), HepG2 with 3. AL A & FE
1 mmol/L perchlorate (A, n=3), HepG2-NE with 1T mmol/L

perchlorate (X, n=3). 3087 WA S2E AHNZ HepG2-NE A Zoj A9
WA 23S 8ol 2%°) 2471 §$EHAUT. AT
Yol AFH Q& SAhE 15EAE 36.7%, 278 94%9 ).
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Fig. 4. lodide effiux from HepG2-NE cells affer 30 min incubation
with Na'?i. Data are expressed as means (remaining % of 1-125)
of friplicate wells.

AEAA &2 75 W7 Tipe 9EIAH(Fig. 4).

4. Aol A NIS$t EGFP 37 @
83 Fhlet Gdel M HepG2 M XS 3

2 oy

% of off

Bole T BE 5o MEE Yol F tE Rl 3
A5 ASkTHFig, 5). AP ekst 2584 PET
ME NIS F847F o4 AW HepG2-NE A2 U549
7} HepG2 AT Z3slol vla) Ay #4219 4

1
Rt
N

3

% sl veksth 258 S PET G40l Bgoel

WARSS VTS 29 HepG2NE AE 39 #9%E 10
KBq (274 nCi), HepG2 M Z FSi %9+ 1 KBq (27 nCi) 2
1098 2012 RIT o) ALZ NIS f0747F ARIAE
$4e JeI T 982 FsanFig. 5).

o T,

LI

BAGA /IHe Al AE $FEAA Polrte B4 Al
2o 2949 Aol 4AE 2 714 FEE 9
ANANA BIE A Wsle] Wt d&Ao R gt
& ohs ol vk EAQA 7MY Edo 4A
29} ke ol Wl frae) Bd, A Feid A
X ARFA, A5AY, AEIAHapoptosis), TF 249
Ao, AEY e g e 3EAE 5 9
88 4 A, guisivlael PETS o &3 #98)
2 BRI EE 71 DA o1 SHe Wk ofujer, B
AsAl olgxlo} & ol W EE FFEAL o4
Botd BAGAIINE FU AT RoblA FF 2y
34, o) 443 Aoy, g F AEFEANY A
B 539 B/15E MAGH R dNY  JoBR A
W stedad 71719 A B W) e M ESE 2F B
o) W EE BY GAE 08T AT TR BolelA
BTN HZo A/ THYFMRDE olEF ¥
A9y AT/HEE sA ARHT Utk MRIZF E2

Fig. 5. Whole-body planar images of nude mouse transplanted tumor cells in both flanks. (A) white light image; Arrow indicates HepG2
and arrowhead does HepG2-NE. (B) fluorescent image; Fluorescent signals were shown at fransplanted place by HepG2-NE. (C)
gamma camera image of 11123, (D) microPET image of -124; The radio signals of 123 and 1124 were shown at HepG2-NE region.
Thythysold, Stsfomach, Bidibladder.
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Wl T ER @EE AL N5H0R 3 A5d §
Y Aom FEHT NIS #2749 15 PaAE 42
she 111248 A el 258§ PET 942 953 3
Gzl A S HH0] F/HEE A0E G
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A& 0]9YA A pRetro-PNRGW vectorZ A2+ PHES A9
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