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Herpes Simplex Virus Thymidine Kinase Gene Therapy Delivered by
Retroviral or Adenoviral Vector in Mouse Model of Lewis Lung Carcinoma
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Background : The antitumor effects of herpes simplex virus thymidine kinase (HSV-tk) and ganciclovir
(GCV) strategies for cancer gene therapy have a the following advantages : 1) a direct cytotoxicity to HSV-
tk modified cancer cells by GCV 2) a cell death by the local transfer of toxic metabolites from the HSV-tk
modified cells to nearby unmodified tumor cells (bystander effect), and 3) #x vivo bystander effect such as an-
titumor-immunity. Retroviral and adenoviral sequences can silence transgene expression in cells and mice. In

this study, we investigated the above described advantages of HSV-tk/GCV strategy in Lewis lung cell and
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mouse lung cancer model using retroviral vector and adenoviral vector. Also, we observed whether the expres-
sion of a silenced gene can be reactivated by treating cells with butyrate.

Methods : Retrovirus-HSV-tk and adenovirus-HSV-tk vectors were used for the transduction of Lewis lung
carcinoma (LLC) cells. The change of HSV-tk expression by butyrate was measured by Western blot. The an-
titumor activities containing bystander effect were observed iz vivo (by MTT assay) and iz vivo tumor mod-
els of various combinations of LLC and LLC-tk.

Results : 1. Butyrate induced the enhancement of HSV-tk expression from adenovirally transduced cells but
not from retrovirally transduced cells. 2. Both retrovirus-HSV-tk and adenovirus-HSV-tk vectors with GCV
treatment were effective for killing of tumor cell /% vitro and suppression of LLC tumorigenicity. Bystander
effect was responsible for killing of mixture of LLC-tk and LLC 72 vitro and /% vivo-tumorigenicity model
Conclusion : Butyrate could augment adenovirus-mediated HSV-tk gene expression. Cancer gene therapy
with HSV-tk suicide gene by retroviral and adenoviral vector seems to be an effective approach for lung can-
cer therapy. (Tuberculosis and Respiratory Diseases 2000, 49 : 298-309)
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£ 2959 2) W% B AEs} Bdsh] B
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adenoviral vector & z}z} Lewis B4 X3 o]g)
ator oA o] & Al W 2elu AH 9 HY
& F8ste] HSV-tk/GCVel % Adaze} by-
stander effectZ #3331t &3, LLCo HSV-
tk 384} o]Y3t F o] f-Hte] Wéo| butyrated]
o3l Fdistexg ARSI

Mz W Uy

1. dYEET MzF

8+% female C57BL/6v}¢-~Z2 Harlan Inc.o|A
TI3l AREEEETH H A E£5¢1 Lewis lung car-
cinoma cell (LLC), transformed human kidney
cell¢l 293cell Z12]31 amphotropic packaging cell
Ql PA317¢ ATCC (Rockville, MD)ojlA] 743}
At

2. HSV-tk- & Z 8%t viral vector2| =t} it
Z 0| Aol W

2-1. Retroviral vector& AL23IS A

HSV-tk¢} neof-dx7F 49¥ pMOTEN viral
vectorZ u]= Havard9 Dr. R. Mulligan ¢ 2 2-E}
AFgrgket. HSV-tk 32 LTR (Long Termi-
nal Repeat) promoter %], neo &A= inter-
nal promoter$! IRES (Internal Ribosomal Entry
Site) ol 2]a] B& k. pMOTEN S calcium phos-
phate ¥ o & amphotropic PA317 packaging
cell linedl] ©]43ked neo -2/} L&)+ produc-
er cell& 800 pg/m¢ ° G418% Adsigct. o
producer clone® HSV-tk {348 Zo] wasiyd
A] high titere] virus& A4Fsk= retroviral pro-
ducer cell& Aate] Lewis #QME 3o 745+
c}. Lewis #YAMEFE 100 mm culture dishe)
plating?F % 4 m¢ retrovirus HSV-tk & 8 pg/m
¢ polybrenedt &{Hgt & 2A17F 2t gt

2477 & 1 mg/mé G418 izl w38} clone
o] A7 7= 4duit}t Y2 wix 2 wigFE ok
LLC-tk& 4 2e3lqdct. & Adq A" LLC
-tk MEFE mixed population® AMEIGo
HSV-tk #-4dxte] @d-& 5 mM butyrate (Sigma)

Z §%3% 3 western blotting 0.2 #¢ls}lgit}.

2-2. Adenoviral vector& Al2sIe A
pAC-CMVpLpA plasmid (7| Texas Fgrjjste]
Dr. Gerard25E Agwets) Xba I sited] 1.
1kb sizeo] HSV-tk cDNA & 4lqlsled pAC-HSV
-tkE& =g, pAC-HSV-tkE pJMI73 8
calcium phosphate WHo® 293 cell lined
cotransfectiondte] cell lysis& JeEhi= AlEojA]
freezing-thawing®'§o 8 adenovirus
HSV-tk& (Adtk) ¥2l8t5 293 cello| M Z41&
8}k, Recombinant adenovirus vector+ plaque
purification] 2}3f t}A] =4 Beldtd 1 viral vec-
toro] iz AR CsCl 2A42a]d) ofsf 23 AA
stk Virus titration® plaque assay-& o]4-3t
infectious titration®} QDgemoll4 % virus parti-
cle 75 F4sh= W& Wadsry. HSV-tk 43
Z4e] WrES- 5 mM butyrate2 §%3% 3 Western
blotting ©. 2 31913} c}.

virus &

3. HIQAME oM HSV-tk/GCVoi ofst At
AS el bystander effect

3-1. Retroviral vector& AIR3INE TS

HSV-tk & @3sh= LLC-tk HUNEFE 96-well
plateo] 2x10° cells/well2 wislgc). oed o
2] 7k %= (0, 0.05, 0.5, 5, 50, 500 M) 2] GCV
7 A7k eixlE adstn 79 B wjekslgdch
Bystander effect& A213}7] 9|8t} LLCS} LLC-
tk MEFE 42 0%, 10%, 30%, 50%, 70% 1]
3 100% 2] vl&2 &3l 96 well plateo] 2x
10° cells/well 2 seedingdt ¥ 10 M GCVE A7
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S}, AEAZE MTT FAL2 $931%ch

3-2. Adenoviral vector@ A2SIGE B3R

LLCE 6-well plated| ] 315 Bt uj9gs & Adtk
¢} adenovirus LacZ (AdLacZ)& z}z} 10 MOl
0% B AEFo] THZ ¥ wigsiAch. e
96-well plate]] 2 x10° cells/well2 £F3}11 815
o wjgg & o8 Fx9 GCV (0, 0.05, 0.5, 5, 50,
500 (M)E AMelgtn 7Y Bt widsigdch. By-
stander effectE& 7285}7] 98l LLCo] Adtku}
AdLacZ& Ztz} 10 MOlg2 7ge ¥ o5& Zz
0%, 25%, 50%, 75% 212]1 100% ] vl&= &3}
wjeFsla] 96 well plateo]] 2x10° cells/well2 ¥
g & 10 M GCVE AHlsdch AEM¥Es MTT
ZAr2 F3sqict.

4. Western blotting

HMEE 4Askd RIPA buffer (0.1% Nonidet
P40, 5 mM EDTA, 50 mM Tris, pH 7.5-8.0, 250
mM NaF)2 %2&3% ¥ bicinchoninic acid& o]¢&
&to] Tl g A stdct. 2% 30 g o S
€ SDS-PAGE= 25 mAE 2A7t%E< 17] 9%3
% PgulA 2 nitrocellulose membrane© 2 4°C ol A]
27 F<?t 250 mAoA o]F3Yrt. dolA mem-
branedl] 5% dry-milk& 14)7} S<F v]Eo] A%le-
aekalelct. Membraned 5% dry-milke}] 1: 2,
00022 3)M3% polyclonal rabbit anti-HSV-tk
antibody 2 1A]7F £8F ¥F8-A171° % TBS (10 mM
Tris-HCL, pH8.0, 150 mM NaCl)2 A&3lgzn
ECL kit (Amersham Co.) & AFg-5}] sy,

5. MTT assay

Phosphate buffered saline (PBS)9] #&%%7} 5
mg/mé 7} HEE =9 MTTE9& 2 um filterst
o) AHAA HEAT F SFvE Y2 Ye A
g A2 AFE wW7kx] 4 Co BaEtch 96 well

platee} Z} wello] 100 pf o wijokle ge *
MTT &4& 10 ¢ 4 FA7sle] MTT HF 558
0.5 mg/mé 2 D3t 37°CAHAM 447 B in-
cubation § £ wigNE AASI 590 nmoljx
ELISA #57l2 FiUc g 4350

6. HSV-tk/GCVol| 2i8t M| i SAME Hxl| &}
2} bystander effect

6-1. Retroviral vector& AL2SIRE A

LLC2l HSV-tk {Ax7E olddd sAPAEFQ
LLC-tk & 49 o w2} 5x10° A X&E 0.1 mle]
serum-free BjgY o) &esld C57BL/6 v}~ &
doll H3kAE F F%9] =717F 100+30 mm® HQ
& o 50 mg/kg GCVE 14 53 315l 5 Y
Fosldcth. 48 5ETL tge 4 ages B
3ot ;1. LLC/GCV 1% (n=12), 2. LLC-tk
aF(n=12), 3. LLC-tk 50% Z2¥(n=12, LLC-
tke} LLC #HUYAEFE 50:50 v)lg&z &F), 4.
LLC-tk 25% 1§ (n=12, LLC-tk9} LLC =
¥FE 25:75 "2 EF). 7 FETY 1/2&
saline #2l& 8t Yo7 1/2& GCVE st
Act. drie) eleAES 2-3Y THez Fgo] =
71& 43I0 F49 £3(tumor volume)S
L (%9 ZZ)xW (F%2] 9@F)*+29 F2o
2 Aarsiact

6-2. Adenoviral vector& AI2SINE AR

LLCe] 60 MOI& Adtke} AdLacZ& 90 & =<
AT § FWAAE TR SREL YA
5 mM sodium butyrateE wjz]o] H7}8te] 315 o
vjekstict. LLC-Adtke} LLC-AdLacZ MY g
Z+z} 100 : 0,50 : 50, 75 : 25 Z28]2 0 : 1009 H]
&2 E3sla 5x10° AEE 0.1 mf ¢ serum-
free wjgelol] Hesle] 425 (2 21§F n=7)0 8
hrolzl nhe-2o] o] FAlEGCE HagAl 29
FRE 74 F9 50 mg/kg GCVE 14 E< 345
o T WA Fojslr}.
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B < HSV-tk

Butyrate

Fig. 1. Detection of HSV -tk protein expression by Western blot analysis. A. HSV-tk expression
in LLC-tk cells. LL.C, uninfected cells ; LLC-tk, LLC cells transduced with retrovirus
HSV-tk ; producer cell, retrovirus HSV-tk producing PA 317 cells ; LLC-Adtk, infected
with a 10 MOI Adtk. B. HSV-tk expression in LLC-Adtk cells. LLC cells were infected
with a various MOI (0, 1, 10, 30, 60) of Adtk and treated with 5 mM butyrate. 30 pg of
total protein was separated by electrophoresis and incubated with rabbit anti-HSV1-tk
antiserum followed by mouse anti-rabbit AP conjugate.

7.8 A

o] AdolA] AT HHS 2-tailed {-testE AR
Eipvi=®

g =
REXRle] W

1. s ZS0 A2 HSV-tk

1-1. Retroviral vector& AL2siHg AP
tk

LLC, LLC-tk 18|31 retrovirus HSV- PArsE

il

£ PA 317 AlEFoA @¥E g &3t HSV-tk
FAe] BErEE vlusch. £3E sampled)
gy ok vy @ ARErlE A8 Coomassie
blue stainingdl] &3l &<lal%ti(data not shown).
A ¥F2 LLCE HSV-tk $3217} o|dslA] got
wao] HEHA g W LLC-tk AEFE=
retrovirus HSV-1k & AAksh= PA 317 Al EFolA
Vel 47 kDa band7t 7250} ojgld HSV-tk
AL TET AL AT 4 Uk (Fig. 1A).
Butyrate& 2|8 LLC-tk9} Hej3dt#] &2 LLC-
tk AEFo] ZALoM= HSV-tk Hd Folle W&
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Fig. 2. In vitro GCV sensitivity and bystander effect of HSV-tk expressing LLC cells tran-
sduced by retroviral or adenoviral vectors. The cytotoxic activity was measured by cell
proliferation assays (MTT assay). A. GCV sensitivity of HSV-tk-modified cells. GCV
showed dose-dependent cytotoxic activity. B. fn witro bystander effect in a mixed cul-
ture of unmodified or HSV-tk-modified cells. A mixture of unmodified or HSV-tk-modi-
fied cells at various ratios were incubated with 10 M GCV.

7} 9ilcH(Fig. 1A).

1-2. Adenoviral vector& AF2351%8 3%

LLC M3 AdtkE 0, 1, 10, 30, 60 MOIZ2
¥ ¥ butyrateE 35t A2i R A &
& o] HSV-tk SA28-e wwslgdsr 10 MOI
oA AztdE @$d ¢ A dx FlA
HSV-tk7} 285 #] & ¥ HSV-tke] UH
MOI7} Z71gel wel @238 F718kL sodium
butyrateg A& Zo] HalshA ¥ ARG 134
10 MOIdjA 8ul& 303 60 MOIJIME oF 2.5%
1588 Axe] wWdAZ/E Bgi(Fig. 1B). 10
MOIle] Adtkz o]9}® LLC-Adtke] HSV-tk ¥
oko} retrovirus® o]® LLC-tk®T} 7.5% XE
EUH(Fig. 1A).

2. oIt Z oA HSV-tk/GCVol 2t atdeizt
= 2

2-1. Retroviral vector & ALE5I%2 A

LLC¢} LLC-tkoll thatd GCV s AAAUAE
& FAsdd. GOV sx7} F7ketds HSV-tk
A2 o|® LLC-tke] AAUAEE #8243 &
7kted 5 M GCVollA 95% ol /de] 27t A4
ek, LLC-tk9] IC,2 0.3 «M o]3l83t LLC A
EFE 500 M ojgo g o]F9] IC,& 1,000uH ©]
9] z}lolzt vlebytct(Fig. 2A). Bystander effect
£ o] LLC9 LLC-tk & &3} u 3 culturedi| 4]
Based 92 25% LLC-tk® MEF7F E¢8
mixed cultureo|4] 65% o|4te] AL EE B
onj LLC-tk Mxu|go] Z713}e| wpet Adadhs
o Z7}ekch(Fig. 2B).

2-2. Adenoviral vector& AIE35I9g ES

LLC sIgEFe] AdtkE 10 MOIz 9417
GCV =4 445 g 238 GCV F=7t
Z7bslAA LLC-Adtke] AYRIztes Z7I8t3L
o 0.5 uM GCVIAME 90% o] A E7F AAAEAT.
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Fig. 3. /n vivo inhibition of tumor growth and bystander effect by HSV-tk/retro/GCV treat-

ment. Mice were divided according to the following treatment : LLC/GCV group, im-
planted with LLC cells and treated with GCV (A) or saline (data not shown) ; LLC-tk
group, implanted with LLC-tk and treated with saline (A) or GCV (B) ; LLC-tk 50%
group, implanted with a mixture of 50% LLC-tk and 50% LLC, and treated with saline
(A) or GCV (B) ; LLC-tk 25% group, implanted with a mixture of 25% LLC-tk and
75% LLC and treated with saline (A) or GCV (B). A half of the mice in each group
were treated with 50 mg/kg GCV twice a day for 14 days and the other half were treat-
ed with saline when tumor volume was 100+ 30 mm? in each mouse.

Error bar=mean+ SD.

LLC-Adtk 9] IC;2 0.2 1M o}sta LLC HEF
= 500 4M ojto g o]F9] IC,S 1,000u) o4
ZtolE& HYch(Fig. 2A). ¥3% bystander effectE
LLC-Adtk$} LLC-LacZ& &3 vj¥ate] Bastsd
=4 25% LLC-Adtk Al237} EFE wdoin
75% olAte] AT E By on LLC-Adtk A
¥7F FvEe wer AdadeE o Foked
(Fig. 2B).

3. HuiollA HSV-tk/GCVol| 2it Fekol Ay

3-1. Retroviral vector & ARRSINS 2
Hor ¥39 LLCoF HSV-tk 4327t 83 =9l€

HGHEF LLC-th & 22} wpg-29) matol] A3}
en o5& Este o243t vle-20)A bystand-
er effectE& ZAISI¥TE 2-3Y 7tHo g Foke] 3
718 A3l =7)17F 100+£30 (mean+SD) =
& WHE uhe2d GCVE FAMeksIch(Fig. 4A).
LLC-tk& o]4& nle-~ aFe FF2 GCVHe
39 FRE Aol E3lE] AlFEe] 109 HUS
) 23] AAEIAT salined Hald) npo-Ar1E
o] ZG[LLC-tk 1&, 3012 +384 mm® (mean+
SD) (p<0.01)]& LLC® o]43F n}9-reo] &£
[3248+428 mm*z} vlms}e] ajo)7} 72 giglen]
A& Jstych(Fig. 3A). Bystander effecte] ®
A oHBE ANE7] sl 4] LLC-tke} LLC #ekA|
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LLC LLC-tk* LLC-tk*50 LLC-tk*25

Before GCV treatment

LLC LLC-tk* LLC-tk*50 LLC-tk*25

After GCV treatment

Fig. 4. Complete inhibition of turmorigenesis by
GCV treatment in the mouse implanted
with LLC-tk cells.

32 505038 25: 75 v|&2 Y vl

M= LLC-tk7} 100%<% I1&5XFE 14¢ F<¢

GCV FAL & #oke AEEHAH(Fig. 4B). LLC-

tk 100% 189 ¢ GCV FA ¥ 39x T4

(102 £202] 47} Jehd v EFu]& 25

e 397tA) 24444 [LLC-tk 50% 2§, 157

+25; LLC-tk 25% 18, 181 +262 HHon 6

AR B-e] AAea [LLC-tk 50% 1§, 137431

mm?; LLC-tk 25% 215, 154 £287} o]folHt}

(Fig. 3B). o]2} 2o & salined FARRF 31

Bl %] 4L 245301 saline A2 E v}

¥ dzx vy vuste ERFY FEe 271

[LLC-tk 50% 22§, 3273 +455 mm?® (LLC$} H]

1400 |

1200 | OucAdk | :
| By C-Adk50

1000 | HLLC-AdK25

800 | | WLLC-AdLacZ

600
400 | e I
200 | 'i i i
10 13 16 19 22 25 28 31
Days

Tumor volume (mm?3)

Fig. 5. /n vive inhibition of tumor growth and
bystander effect by HSV-tk/adv/GCV
treatment. Mice were divided according
to the following treatment : LLC-Adtk
group(n=7), implanted with LLC-Adtk
and treated with GCV ; LLC-Adtk 50%
group(n=7), implanted with a mixture
of 50% LLC-Adtk and 50% LLC-
AdLacZ, and treated with GCV ; LLC-
tk 25% group (n=7), implanted with a
mixture of 25% LLC-Adtk and 75%
LLC-AdLacZ, and treated with GCV.
Mice were subcutaneously inoculated
with 5x10° cells on day 0 and treated
with 50 mg/kg GCV twice a day for 14
days.

Error bar=mean+SD, *p<0.01 com-
pared with the control group.

2Eh p<0.05) ; LLC-tk 25% 1%, 31751425
mm?® (LLC¢} v]wale] p<0.05) Joll =kol7} $1Sd
c}(Fig. 3A).

3-2. Adenoviral vector & AMRSIIS AL

LLCe] AdHSV-tk®} AdLacZ& 60 MOI& 7
Bhe] 24 A17F i3 & 5 mM butyrateE uj=]o] #
Jbste] 24 A17F of sjokstsdet. LLC-Adtksh LLC-
AdLacZ M¥#E zhzt 100:0, 50: 50, 25:75
=i 0:1009 ¥&2 Egste] 41 (72 7n}
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2]) 9] v} Halol FAMGH T thadRE 7Y F
GCV& Fojate] T4 BAS zAFSIYT LLC-
Adtk 100% 2§ ¥k ofet 50% 9 25% 2 &3
ol4%k 32§ <] 21nte] vk BF(100%) MM F
Fol 309 FoF LAEHA] FUr(Fig. 5). ¥
LLC-AdLacZ 18e] 7#$ 7nfg] nf9x BT
(100% )04 FFo] HA3IA T 308 ¥ ¥ =2
7le 921£224 mm® (i F2 vlastd p<O.
01) & x&4% shgict.

o

Axgot A W §H2 HE HEAM Viral vec-
torol] ofa] HEd fdzte] wdo] AR EE dido)
2=z B Ask=t] adenoviral vector2 o] #-AA}
o] HEZ7HE Eo|7] Y3l MEHE ¥ butyrate A
glste] fAxte] Bde 5-10u /A7 AkEZE B
ECH B AFeAs HSV-tk {3218 #EAl
¥ LLCell retroviral vector9} adenoviral vec-
torg o]l A T F butyrateo] ¥
HSV-tk §zxxte] wde syt Butyrateof
93] =¥ HSV-tk §-34 W8S Western blot-
tingoll 9J8] A=x]tt. Retroviral vector 3% 4
o] =y} Jeh}br] & vbH adenoviral vector
o] 7% 12 10 MOIg] 7% 8u| HEF/HE KA
10 MOIZ AdtkE ©]qi¥ LLCeA] 'Z#s HSV-
tk Gl 9ko. retroviral vector® HSV-tk &
Azt 100% 2 o|9l® LLC-tk®r}t 7.5% o &
F9tt. o]l Aal= adenoviral vector®} butyrate
g W A8Ee S @ MOldAM 53784
o] BEg Z/ME 5 Ao w2 titer7} 8FHE
AR A AgollA B3t A& Aoz AlrdEd

ot FAAA S g HSV-tk/GCV Aol Al
¥o| o]gj® HSV-tk #xxi7b A2l DNA &

Balshs AL SEs dol= fRA7 R

2] 2 F909 NEE 43T F U bystander ef-
fect7} #aAHC}. o] Bystander effecte] 7jxHo g
1) AHE MEe] apoptotic vesicleo] o]9-3F oA
Fofl oJa A endocytosis B'>'¢ 2) EAEAo] gap
junctiong F& AEWelE” 3) AA U4l im-
mune/inflammatory response®} delayed-type
hypersensitivity & 407 ¢l g HAgkgo] &
T Fo] gltk 4brle]l HSV-tk/GCV Agks w2
sl7] $l8 HLGAMEFe LLCo| retroviral =
adenoviral vector2 HSV-tk §#zE o]st &
AT MTT #AHE FalA 2AlEel s
retroviral verctort} adenoviral vectoro] 2Jsj
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