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Purpose: Hepatocellular carcinoma (HCC) is one of the most common malignancy with
high mortality in Korea. A new therapeutic modality such as gene therapy is necessary
to improve the prognosis of hepatoma patients. Therefore we investigated the preclinical
significance of Herpes simplex virus - thymidine kinasefganciclovir (HSV-tk/GCV) gene
therapy model using the retroviral vector for HCC cell lines.

Materials and Methods: LNC/HSV-tk retroviral vector and PA317/LNC/HSV-tk pro-
ducer cell line were constructed. HSV-tk transduced HCC cells using the LNC/HSV-tk
retrovirus were selected by the G418 containing media. In vitro GCV sensitivity test of
the HCC cells was performed by MTT assay. To evaluate in vivo GCV sensitivity, GCV
was intrapetitoneally injected after subcutaneous administration of HCC cells into each
flank of the nude mouse.

Results: HSV-tk gene transduction and expression in HCC cells were confirmed by
RT-PCR. HSV-tk transduced HCC cell lines (SK-Hepl/HSV-tk and Hep-3B/HSV-tk)
showed the marked GCV sensitivity comparing with the parental cell lines (SK-Hepl and
Hep-3B) by MTT assay (p<0.001). The MTT test revealed that SK-Hepl/HSV-tk cells
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were more sensitive to GCV compare with that of Hep-3B/HSV-tk cells, and the parent
cell line showed minimal growth suppression by the GCV treatment. In 12 nude mice
received tumor cell mixtures of Hep-3B and Hep-3B/HSV-tk cells which contained more
than 50% of HSV-tk transduced cells, the tumor was not developed in 11 mice by the
intraperitoneal administration of GCV. The tumors developed in ! of 6 mice and 5 of
6 mice when mixtures contained 30% and 10% of HSV-tk transduced cells, respectively.
Five mice out of 6 mice received inoculum containing the mixtures of 70% and 50%
of HSV -tk transduced cells into each flank survived more than 6 month after HSV-tk/GCV
treatment.

Conclusion: HSV-tk gene transduced HCC cells showed the enhanced sensitivity to GCV.
In nude mice HSV-tkfGCV strategy for HCC seemed to be more effective when tumor
cell inoculum contained more than 30% of HSV-tk transduced HCC cells.
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MD, US.A)lA Felstgled, o|52 7t #]
487 10% $elotd#(GIBCO, USA)E &
&35l RPMI 1640(GIBCO, US.A)E 7|8 wigk
Ho g o] fsle] 5% CO.2 FEAfstel 37°C 3
wjok7|ollA  wlekstlel QU L MEST A
RNALE 1~-5x10'708] MEE 72t GIT buffer
{4M guanidine isothiocyanate, Fluka Biochemica,
Switzerland; 3M Sodium acetate, pH 6, Mallin-
ckrodt, US.A; 0.8% B -mercaptoethanol, Sigma,
US.A)Y Z¢l%E 57M cesium chloride®] ZA3}
o] 244 Hgjslo] phenol ¥ chlorform FE&
Al#3r & ethanol AAH-E gPAlslo] Daviss(14)¢]
upgell wet 2elstict.

2) HSV-tk SEXIS| cDNAE XE Bt retro-
viral vector LNC/HSV-tk| XM=

Viral vector= Miller5(15)0] 7{ulgl INCXE
o] &3¢t o]+ human cytomegalovirus®] pro-
moter?} neomycin phosphotransferase gene-2- 7}A)
o helper virus®] A48 S} retrovirus?] ti-
terg ¥A 4& 4 UEF /AEH Aol HSV-
tk $-AA7L AtelEl LNC/HSV-tky= HSV-tk §-4
A& coding s+ Y pAACMVTKZHE Hind
Il/Hpa 1€ o] &3}ed 1.2 kb =Z7]2] HSV-tkE &
deh, 2L AREEE ol §stel AL remo
viral vector LNCXell T4 DNA ligase(GIBCO, Gai-
thersberg, MD, USA)E o©]83}o] subcloningsled
A 233 cH(14).

3) PA3I7T/LNC/HSV-tk producer cell line2| X%

MillerE(16)e] 7W4}3F amphotrophic packaging
cell linegl PA317 AE Sx10°/0E 7 60 mm
ufjokH Alel] 10% fetal calf serumeo] &-H3 5 mig]
DMEM ujetlle 2 1§~24A17F vkl =] calei-
um phosphate®] (14)2. & pLNC/HSV-tk2] A EY
o] A83}gc}l Calcium phosphate®] 2 2 LN/
HSV-tkrt B2 548 PA3TAEFE uljokr] o4
434 715wkl $] G418(GIBCO, Gaithers-
berg, MD, USA)e| 7% wFd-& o] &abe] ret-

roviral vector LNC/HSV-tk7} ¥ A =95l PA317/
LNC/HSV-tk producer cell line-§ selections}sir}.
oF 12~15Y9 52t G418 selection-Z A|sfalo] 3 A
% colonyZ cloning&lod w9ty viral titer®] &
718 BFoz(17) 45HE MHzed ecotropic
packaging cell lineql ¢, AEF(BE FFALF
oA g2 AEFS RS Akl PAILY
LNC/HSV-tk A|E 3ol A7 A7 #AE +X
o LBt

4) Recombinant retrovirus®| 247} &3

PA317 AEF2XHE] =& titer?] HSV-tk 3
AE L3 A2 retrovirusE AHESLE produc-
er cell lines AH3}7) 93 PA3LT AH|XEF9 ¢,
AESFZHE] dPdg F3te] ool PA3LY
LNC/HSV-tk A E2] HlokHo & target cell line
NIH-3T3E ZgAlZch 72t $1FHell NIH-3T3
A EZ six-well plate?] well 3 2x 10°7]4] plating
sled wjoF&tE, viral supematantE DMEM sf9}k<H
22 1073 1074 107% 107%) Eoz F4Asa
% FX 8 ug/ml] polybrened H718F ¥ viral
supernatant7} %) A 51 woFell Imi#& A|E wfoley
o] A|A= NIH-3T3 4Tl T3}t 308 7
2oz 444 dishg EE vis?} £9E w7
7V AE AH2 FPaA HAA shHA A o)
k7] ol AEE 3753 FHA F 2 ml
2] DMEM wjj¢kalg Hrlsle] AEE wfodsld
o} 7hed 48175l wiFRE MAY F G418
8l DMEM ekl 2 mid-& 2 wellel] 5
slo wiofsln] 48Xt} WA E Aol
oF 12~159F G4189 #H3te] gl& AHET]
e ook g A|AsEI methylalcohol/methy-
lene blue Y EHog HEFE JY4 F retro-
viral titerE Kriegler(19)7} #¢kat o}-2-9] JL4] o)
o8 A4kslgdct

titer = (number of colonies in highest dilution) X
(dilution)
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FhA &2 iiter?] retrovirusE AbE3le PA3LTY
LNC/HSV-tk clone o] A= 2 AEF2 wfok
HE "ol vhE Al o] &%)

5) QIA ZHAMIEF0IM HSV-tk FEXHUEO

ZA}

Ao A A EF HAE]YE HSV-
tk §-A7pe] L g wlstr} $isle] LNC/HSV-tk
viusE e A171 A Auiekyt AR ESFEY
Bl RNAE 22l8lo] FAL dabgE o &3]
o] HSV-k #31#9) W& =Astgich HSV-tk
LA NE Bo] primerZ X 5-TAG AAG
CGA CCA TGG CTT CGT-3'$ 5-TAT TGG
CAA GCA GCC CGT AAA-3'& o] &3}5lcH20).

6) HSV-tk FEXA7} TRIE et AiEFe|
GCVO CH8t =Y &3

THF A 2ol A] HSV-tk {4 7AFe] wldo]) GCV
ol gl Ao nXe giE 247 98
HSV-tk -FA 7 AL R) 2 =2 It
AEET HSV-tk A7 ALY 710 A E
£-€ 96 well plateo]] plating 4§+ 3 MTT(3-[4, 5-
dimethylthiasol-2-v1]-2, 5-diphenyltetrazolium bromide)
W& o) §ute] HFAESR ] GCVoll gk <
Aol zolE ZARIRET2D), eI e
Zch HSV-tk §3HA7 A=Y A EF Y
AEU=A] 2z AFAEFE AAJ4H
2 18, AFARE Holk MESFE AAY F
olell stz MEFTE 025% trypsin-EDTAE
Helste] g g 4 EZ nbE X, 10% FCS
7} 355 RPMI 1640 wiz) 2 33] A|H+}x, 180
he] wekelol] X570 Gz HETE
H.g3s}ed 96 well plate(Costar, U.S.A.)ol] EF41%]
v} B33 Zzhe] MESEE 37°C, 5% CO: i
716l A 24217 B8 F, o327 FE9 GCVE 20
8] el A el LslAA 96 well plateol] F-of
st ol F microplateE 49 F7F uHokgE ¥
MTT 50 12 mg/dl)E 7+ wellel] 713l o) & 4
AZk ol 71 ajeksldet. wioke] ¥ microplate

© 450 goll A 1087 fAERd F, vighel] sle
formazan A o] AASA GEF FesPEA, 30
gl 59 wickale] YX-E digital multichannel
pipette(Flow Titertck, Finland)& A-23le] 443l
£ AA#R). o7l oA 150 ule] dimethyl
sulfoxide(Sigma, U.8.A)E Z} wello]] M7}+Fat A
g7 (plate shaker)ell#] formazanZ A o] Sa= of
717 36°CoN A 1087+ A&kt & multi-well ELISA
automatic spectrometer recorder(Behring ELISA Proc-
essor II, Germany)Z o}-£3}od 540 nme] s} o]| 4]
#=35 AYde) A4S (absorbance, optical
density)§ =T HEFTEF w23t o}
2] FA o2 AEEE TR

WY HE AEFFE-
AT AEFSE
N=ZS] AT ALETE-
NE AEESE

x 100

FYEE=

7 5E MFNM GCVe| BTl ZHAMEE
o] AMZE| 0)XlE= &

A FEMNA GCV Foioll 28t 719ke] X834
g =Asl7] Y3t HSV-tk §AR7 ALY
g 7] MEF b -7 238 AYea) gk
EAEZRE D502 T ¢l £ 1x1074
42 0.1 mig] PBSEHol] #Esle] FAH 2
FH Bl 72t 3 FAsch 74 AES
o] e EF 2Y T REl = FAF ol 50 mg/kge)
GCVE Z7U= ol FA3 . A 29
2 F-2, bystander effect®] Z1Z-5 )34, HSV-ik
fHA7 BEAEYE AT YAEYUNA &
£ N RAEFE AE o E g2 Efely
AEH Qe (ATFL HSV-ik $AAT PAEY
H DGAE2 vl-go] 742t 100%2t 0%} 5 Als}
of Fr=AFe gHEwd 7zt FAsRen,
B)E2 2z 0% S0%7t H A, 13 (O
ztzt 30%%} 10%7F HES E3H|EL 24
HEsvt 7 AYETE onlelde] FeARHE
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§) HSV-k/GCV RAXt X2 UHESR Y
&Izt

FEAFY AETES FEARA [LAEE
A Z4 ¥ GCVE FoJstzid Kaplan-Meier'd ol
o3te] vl EAsen AEVILe] AP T
FAEFEE AFR IE 7)WL sl

9 BAH S

A olA GCvell gl A EF2] 4
o) B SAS System o] Eslo], PEE2} u
FE Log rank test3 o]-&slo] HAFdg oo pt
o] 0.05 m%Hl AL FoFELE i)

| ot

1) AFRZIRIMIZOHM exogeneous HSV-tk &
A} WP AL

ZHH M| EE0f|A] RNAE F48HF HSV-k 4
At Eo| primerE ol &sto] FRALAHN &
Aeyet Ax} 7R A ES(SK-Hepl % Hep-3B)
o] & HSV-tk F-A%e) dHe] glgleu, LN
HSV-tk virusel] g%l ZhFAIEFel M= 744 bp
9} HSV-tk $H7 Zo] mRNAS] WdE &A¥
4 glo] §AA HAEe] o]Fe]dl A2 H
& o AAcHFig. 1)

2) HSV-tk REXS] HAELUO| THAIMEFS
ALY Gin vitro) GOV Z=A0H D|XK= B8

R A T2} HSV-k 827 YAEYH T
o4 £ 2(SK-Hepl/HSV-tk, Hep-3B/HSV-tk)2] GCV
ol g A4AE HSV-tk S3A7H BARYH
RS 7tzte) 29k RMER vlsted, $% AE

22 GCvell e AeAe] foI% F7HE B
A¢ 4 ggeri@z pooon, A 57
£ SK-Hepl/HSV-tk H|¥EFel4 T-§ Fo.
a2} HSV-tk §AAE BAEYA g T
2AEFS] A$E GCVE 500 pgml o4 %

Fig. 1. Expression of Herpes simplex virus - thymidine
kinase gene. PCR revealed Herpes simplex virus
- thymidine kinase specific 744 bp sized mRNA
bands in SK-Hepl/HSV-tk and Hep-3B/HSV-k
cells.

& ggon Foldge u %pe AFX4F o
AE VY F Ao, ol B FFoilA
£ AZ4A AAe Hok} @0 sickF. 2).

3) AHSEHA GCVe| 07t HSV-tk FE
X7 HacelE vietMEF dF o)
R A8

rralese) ofEswol 2tz & 10708 2
GATZE 243 F GCVE Fo{¥ o HSV-k
SAAT GAEYHA %2 7P EAESF(Hep-
3Byl 9% FAE ALHQ) AL 2w
HSV-tk A7 HA=d% Hep-3B/HSV-tkel]
28 A F971 PA=EA %okt Bystander
effect?] HE-S Hvto] HSV-tk §AA7F AR
Qe ML EUEA G WGAEFE £
o] FEulero] ol Egsld AFTF
GCVE 2392 ol PAEYH AXe vldo}



A5 o PAM TSR HSV-tk {3128 HAEY 1039

1207 120
i SR A
o0 80
£ £
£ £
% 601 E 60
= =
T T
30 © 304
--#-- SK-Hep1 --#-- Hepl-3B
—o— SK~Hep1/LNC/tk —o-— Hep1-3B/LNC/tk
O T T T T 1 0 T T T . 1
0 10 50 100 250 500 0 10 50 100 250 500
GCV concentration{ug/m1) GCV concentration{pg/mi)

Fig, 2. Effects of Ganciclovir on hepatona cell growth. In both panel A and B, Herpes simplex virus -
thymidine kinase transduced hepatoma cells showed enhanced sensitivity to ganciclovir (p <0.001
in both pannel).

Fig. 3. Effects of Ganciclovir on tumor growth in nude mice injected with mixtures of Herpes simplex
virus - thymidine kinase transduced and wild-type Hep-3B cells. Each mixture (1x 10 cells)
consisting of 30% and 10% gene modified cells was injected into the right and left flank,
respectively. Intraperitoneal Ganciclovir(S0 mg/kg) was administered twice daily for 2 weeks
since 2 days after tumor cell implantation. Tumor developed in 1 of 6 mice and 5 of 6 mice
when mixtures contained 30% and 10% of HSV-tk transduced cells respectively.

50% o4& AAE AFolE AYAY F=4 & A F=44 enle] F 1nlaldiA, 10%] 7
A 12038 F 1wkl F37t HAHA g < ovtE F sulelelld Falo) g By
o 23 PAEQD AES] uvigel 30%9 AL F AcHFig 3)
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Fig. 4. Survival curves of nude mice. Each group of nude
mice were treated with Ganciclovir after implan-
tation of mixtures (1><107 cells) consisting of
Herpes simplex virus - thymidine kinase trans-
duced and wild type Hep-3B cells. Tumor cell
mixtures consisting of 100% and 0% (Group A),
70% and 50% (Group B) and 30% and 10% gene
modified cells (Group C) were injected into the
right left flank of the mouse, respectively. Gan-
ciclovir (50 mgfkg) was administered twice daily
for 2 weeks since 2 days after tumor cell implan-
tation. Survival duration was measured from the
day of tumor cell implantation (p<0.001).

4) FEMF 0 2HAME HEE GCV R0{7}
TEMFO YWEN DX FE

Fr A A eFAIE HE % HSV-k/GCV &
Az X 53 7P AES A Fig 48} 2}
FAF e 5 Bo) FAE ZIMAIEF HSV-
tk 82 7 AFEe] v)go] Z+zt 50%et 0%
€ AAse BT A5 oY TN F
ot 9 AL 299 vfeint Aukeata U
A sutels B5 AEste] FAAEN L 180+
Yolglon, HSV-tk §-HA ¢4 AlZu|-go] 7
Z} 100%2 0%2)UW (AP FtYE 2 55
¥, 22l 2 HSV-tk F27 FFAME vlgo| 7zt
30%<} 10%010 (O F4AE 717He 82Y
Z f2E AolE BAcHp<0.001).

nl &

HSV-tk §AA¢L GCVE o] &3t HSV-kGCV

8 2842 AXEAH 7] A2 apoptosisel] 2
s, MEAEL] 3= bystander effectol]l 2]3)
Z7tste Aoz d#iA Uvh22). Bystander ef-
fecty YR TUAH Follnt HSV-tk FHA7] &
AEQY5]o] £ HSVAKGCY A X84 HSV-
tk A7 HAEYR A g2 FHE FYAE
A FA wtEr adE Tieh13). HSV-tkE
ol 83 $-H A} X8 A2] bystander effectol] thaF
712 23= HSV-kt FAEYH AXENA £
HA) kg AEZ A EA ]2 gap junctiong 54
phosphorylated GCV2] o], HSV-tk A= s
Aj¥e] AEA] apopiotic vesiclee] FHAH|Ee A
gE A, By HSV-tk FAES]] AZEe] A4
ool 23 FH Axe 44 Fo 7)Aol
A= L RAch23~25). ol o] &% F=A
e TAE oA ubsoll A7l & 524
ol = B8l HSV-tk §327F HAEUH 7
A X2] vl &e] 30%l WF3t A5 ovlel F 5
upelell A GCVe] o2 Foko] PAHR gt
HSV-tk 4=} HAES]] AFE2] u]-go] 10%0]3
A A= AYAY F=4F entel F 1vkeel
A Foko] A= R kgkm, m olE AYFE
oA FPLA AA7t F2 FAFHo R o] F
o] A AAE-E F3iehH bystander effects 4
M|E0) gap junctiong E3F phosphorylated GCV 2]
¢]A Y= apoptotic vesicleg] AEFo] |2 FH
7189 Aoz AzkAck RamT(NE 1549 o
AEF gAloA] HSV-tk FHAE E331 ret-
rovirusE AJArsl= vector producing cell(VPC)S
Fglla FAE GCVE Folzto] 5of|9] FF
o] 4L Hw3lmly Fokeo] HIUL VPCE
FAG oM FaHo 7 JFAHAITE H
2#H A bystander effectt gap junction® %%
phosphorylated GCV 8] o} F3 7|Heo =g =
£¢ A& ARE ok g

RamZ(7)-2 HSV-tk/GCVell &)t A2} %) 24|
&k Aol F517]3 9 bystander effectt gap
junction®] WE} JAT} @7 wlFell, X8-I
FokzHellA 2 gap junction®] 4 HFE4}



A2 o] ; HFAEZN HSV-tk 24219 2= 1041

o 25 o4-g AHEA = gap junction®] U
HE 278 F e FAE HEFA%gd
o] aaEe ¢FY At 549 ¢ UE A
o2 Al gloh B oA retrovirusE o] &
spo] HSV-tk FHALE WAEQYE RMAESF
S AHsjokstol GCVell tigt g MTT A
AZ b8ty Sullol| 5 GCVel] gt A2 A
Ex AEF wa} xelr) gkew, FYd% 4
75 JYAEFE dFoZ AFHgaddE
A EEo) whe} GCVell ik ZAd] Zol7} gl
Ach26). ojaldt AFEL A AEF wE
gap junction WAL 9] Zolol]l o3 =S
Aoz A7z,

ColomboS(22)2 W& gl4ez U-87 gli-
oma cellsE o] 83+ HSVk/GCV FH A x| 752
Agg Asgsled WA} e FEANAE F
ko] FolEutrt }A] At Aoz Haslsls
o] Bl ol £ HSVAKGCV #44 X gHog
Zoko] £4¥ FEule-A Sulele 1B0YTAE
Zofo] AwslAl gz AEE AL AL F
Ak ol#Hg Azte] Aolw NG MEF
o] Ao zo] B ColomboS-(22)2] 75 B
+9+ = el HSV-tk oA A EE PA317T producer
cell2 A-f3lgdrl olehe] A=z cjE AY
design S-ofl 2L Q0] gl& Aoz Azxid.

Culver3-(13)2 AHEFES] el glioma HEF
5 HFT ¥ HSVK/GCV 47 X&F 55+ F
Qre] FHEEQ HSVk A7 YA =dd AT
¢] | go| 10%5Ya 150te8] F evllell4, 50%}
100%Q8d) Ztz+ 15u8] F 1ul2| 8 2utelolA &
oko) MEAIFE B arsigled] BodFoll A HSVY-
tk A FAES] 7HFAIE] vl 50%F
* 7Sl HSV-KGCV 42 X 8E&E gF
7t AEEE 19k E AYE 1inplely 3
7F SR 2459, 30%Luls 6utel F 1a}
gloll A 1Ela 10%2 FAEY MEF EgEA
Suile eulel I sutiolAl tET s AATE
F2g 5 it w2k HSV-HGCV {37 %]
B2l HSV-tk 3274 AR A E2] u]

fol FTay WY ALE YgEm FPARY
A XL vlge] FE&r4E AFFHo|H o HoE
1 ] go] 30% o gy wi B A#HY Ao
AzbEivh g Bl Fell4 AgFye] Fr s
o] YEE-E HSV-tk F3HA A A X9 o
fo| 747 50%%} 70%2ste] SEEHd HFF
GCVE Foid (B)we] éute] F Sulelr} Fokel
Azkgle]l 1809 o3 AE3L AY ERoH,
HSV- tk §-Ha HAE] AH=x9 vlge] 7z
100%9} 0% (W (A)F2 0%l T HEFH 49
ZopAlglo g, 30%9} 10%9 v&E HETIHUR
OTL 10% 559 Foko) Aoz WEE
FA 93k ek (p <0.001).

HSV-K/GCV §A7} 2as 38 248 B2
ol FeAFd DGAEF APF AR E FF
817] fjsted 60U ZEe) A [ F FE A
urglo] AES sube] o FmAYH o NFRAES
Hep-3BE 1x10704& 0.1 ml2] PBS ol ¥
g3l AFEFGFE Fo9) AL W
1] FE7| 5L T AL JAEA
okgke}. o)@ 3t A4S HSVAKGCV {47 28
2 FQAEN F& o 59 ddEE 5
e (27) R S EL] ANHFA FEAe
A A HE VeEhlE Aeg AzhEu) ool o
Al 4171 dasteletz ot

| g

AAGA Fol| BEZvlo]HAE o] fule
HSV-tk §3HAE HAEsted GCVoll digt 3
FAe Wt A AR in vio W in
vivoell4l GCVel] it 4ol 718 JFY
& sl Fe=AF oA bystander effect?] ZAE
£ 918l HSV-ik $-4A7 HAEUYS AjEe} o
AEYRA G IURAEFE Lt HF
T ¥ GCVE Foistglg uw HSV-tk A=} 3
A=UH ZFAEL] vl el 30%E d& o vl
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