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Herpes Simplex Virus Thymidine Kinase Gene Therapy Delivered by
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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) iz 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-

titumar activities containing bystander effect were observed % vive (by MTT assay) and % vivo tumor mod-

els of various combinations of LL.C 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 i witro and suppression of LLC tumorigenicity. Bystander
effect was responsible for killing of mixture of LLC-tk and LLC 7% vitro and in 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)

Key words : HSV-tk, GCV, Gene therapy, Adenaovirus, Retrovirus, Lung cancer.
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adenoviral vector 2 Zk2} Lewis 904 30 o]g]
gom ojAE o] &3 AA Ul elm B o 4
& st} HSV-tk/GCV oj8 WFaalel by-
stander effect® #33tQch. &3k, LLCo| HSV-
tk F24} o]Ys £ o] Fate 'Q“i'ﬂ"] butyrated]
o8] FHsh=xg 2RI

Mz U
1. MYSED HAzF
858 female C57BL/6n}¢-~E

TUste ARGt AT AR LT

cinoma cell (LLC), transformed human kidney

£ Harlan Inc.ojA]
¢! Lewis lung car-

cell®l 293cell 22l amphotropic packaging cell
9l PA317& ATCC (Rockville, MD)olJA] 7913}
sich.

2. HSV-th & ZE$t viral vector?| M&tal EQtAl
ZFolMef Wi

2-1. Retroviral vector& AFE3S198 A
HSV-tk$} neoF4dzx7F 4<dgl pMOTEN viral
vectorE ©]3% Havard2] Dr. R. Mulligan © 2 2.g]
AFeitt. HSV-tk #d2k= LTR (Long Termi-
nal Repeat) promoter 258, neo $ARE inter-
nal promoter¢! IRES (Internal Ribosomal Entry
Site) o] ¢laff @@t pMOTEN-S calcium phos-
phate ¥H o2 amphotropic PA317 packaging
cell linee] oj¢i8te] neo &7} BEHE produc
er cell& 800 wpg/mf o G418=2 Hdslgich o]
producer cloned HSV-tk $3AE o] wysld
A high titer®] virusg A4}3l= retroviral pro-
ducer cell & 4838l Lewis slQA 0] 724819
t}. Lewis #HYAEFE 100 mm culture disho]]
plating® ¥ 4 m{ retrovirus HSV-tk& 8 ug/m
¢ polybrenez} T3 5 247 ¢+ widaiizh.

- zt9] WES 5 mM butyrate2 §E& &

247 & 1 mg/ml G418 v s m&3}e clone
ol A7 w7kA] 4dnict 2L sjAZ wjFE The
LLC-tk-& A4 23t & 284 A48 LLC
-tk M ¥EF= mixed populationg ARR3IFo™
HSV-tk $-Axbe] W¥-e 5 mM butyrate (Sigma)
2 853 % western blotting @ 2 8¢15}9t}.

2-2. Adenoviral vector& AIRSINES A

pAC-CMVpLpA plasmid (v]5F Texas FYujjare]
Dr. Gerard25¢ AFU%E) Xba I sitec] 1
1kb size¢] HSV-tk cDNAE& 4138l pAC-HSV
-tkE wEQirl. pAC-HSV-tkE pJMI73} &7
calcium phosphate ¥Ho® 293 cell lined)
cotransfectiond}s] cell lysis& UehE= AEofA
virusE freezing-thawing®hf o2
HSV-tk& (Adtk) 22]8}9i 293 celloA F41&
Giasi= Recombinant adenovirus vector£ plaque
purificatione] 9J3)] t}A] 24 2314 viral vec-
toro] dFF Agake CsCl 2 Belof s 29 g4
8k Virus titration2 plaque assay & o|§3
infectious titration® ODjsumollA] & virus parti-
ce & &g S HAPsok. HSV-ik £3

adenovirus

Western
blotting ¢ & EQIs}5ch.

3. TRLMIEFOIM HSV-tk/GCV O of8t At

Az} bystander effect

3-1. Retroviral vector& AIR3IS 32

HSV-tk & w#sis LLC-tk 9N EFE 96-well
plateo] 2x10° cells/well2 wjkslgict. thad o
& 7H4 = (0, 0.05, 0.5, 5, 50, 500 M)} GCV
b 3r8 wiAE2 st 74 F9t skt
Bystander effect& za3}7] ¢isld LLC¢ LLC-
tk AEFE 224 0%, 10%, 30%, 50%, 70% L&
I 100% 2] W88 &gl 96 well plated] 2x
10% cells/well2 seeding3lt & 10 @M GCVE A
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shdch. AEAZE MTT ZAl2 359

3-2. Adenovira vectorg& AL231%2 2

LLCE 6-well plated}A] 35 =<9t ulioksl & Adtk
2} adenovirus LacZ (AdLacZ)& Zz} 10 MOls
908 Bt Az 2Est T ouidsidnt. e
96-well plateo] 2 x 10 cells/well & £53}1 315
g sjekd & o8 =29 GCV (0, 0.05, 0.5, 5, 50,
500 sMM)E Hjstz 79 Bt widsisch. By-
stander effect& 7FM3}7] ¢sted LLCO] Adtkit
AdLacZE 747} 10 MOIZ 7443 & oj5g Zz
0%, 25%, 50%, 75% 231 100% 2] vl&=2 &%
wioksled 96 well plateo] 2x10° cells/well 2 85
g & 10 M GCVE AMejsi). AEAEs MTT
AL &Asc.

4. Western blotting

MEE 275 RIPA buffer (0.1% Nonidet
P40, 5 mM EDTA, 50 mM Tris, pH 7.5-8.0, 250
mM NaF)2 %%3% % bicinchoninic acid& ol&
sto] A g AR Btgch 35T 30 g o @A
4 SDS-PAGEZ 25 mA g 2A17HE%t dy] 45d
Z o AL nitrocellulose membrane 2 & 4°C oA
2AIZE BRE 250 mAdA o] Fstrt. dojF mem-
braned] 5% dry-milk2 1417} Z<¢t v|Eo] AL
Apstgtt. Membraneg 5% dry-milko] 1: 2,
00022 343 polyclonal rabbit anti-HSV-tk
antibody 2 1417+ B4t #&4]21 £ TBS (10 mM
Tris-HCL, pH8.0, 150 mM NaCh)g M3t
ECL kit (Amersham Co.) & AM-8le] gl slyict.

5. MTT assay

Phosphate buffered saline (PBS)ol #%&%%7} 5
mg/mé 7} 952 =9 MTTLHL 2 um filter9}
o JhAA BFA F BFEE U= W A
& FeiE AR w7kA] 4 co) Rstgr). 96 well

platee] 7t welld] 100 pf o} wijfig

MTT &8¢ 10 ¢ & 3718l MTT 4% 5%
0.5 mg/mé 2 2&9ich. 37°CA 447 $ in
cubation @& ¥ #jgdS AAsK 590 nmojA
ELISA #57]2 Fedeg &4t

6. HSV-tk/GCVoll 208t MA| L Hbds oullsat
¢} bystander effect

6-1. Retroviral vector& AKE3i9e 29

LLC¢ HSV-tk ##x7h olqld #AAER
LLC-tkg 28 o wgh 5x10° AZE 0.1 mlg]
serum-~free vjjokfo] derslted C57BL/6 u}§-2 &
Ad) Hs=Al & 2oke] =717F 100430 mm® HY
¢ o) 50 mg/kg GCVE 14¢ §< 370 F w14
2olalgict. A¥ FETE U9 4] 2502 §
25495} : 1. LLC/GCV 18 (n=12), 2. LLC—tk
18 (n=12), 3. LLC-tk 50% 2§ (n=12, LLC-
tke} LLC #HgM¥FE 50:50 vl&z2 &%), 4.
LLC-tk 25% 28{n=12, LLC-tke} LLC #H<A]
¥FE 25:75 vlgR ER). & &L 1728
saline #gl& 39z v 1/2& GCVE Agst
Ack, Azle] nkeABE 2-3Y NHOR FUL A
718 ZA4stden $%9 &4 (tumor volume)
L (2% &A% )xW (%9 9F)'+29 F2a
2 AL

6-2. Adenoviral vector & AE3IHE B

LLCo] 60 MOIZ Adtke} AdLacZZ 90 & 59
7298 ¥ SR agsie sHREet sl
5 mM sodium butyrate& wixlo] Hrlsted &5 o
mjokalsich. LLC-Adtks} LLC-AdLacZ AME55
Z¥z+ 100 : 0, 50 : 50, 75 : 25 g3 0: 100<] ¥
g8 #%stm 5x10° AEE 0.1 mf & serum-
free Bjdlol detste] 40F(Z 2FF n="7)22
Urold nkge] Tjstel] FARSE HskAl 29
2 79 B9 50 mg/kg GCVE 144 ¢t shF

% W4 Fojsigch.

O
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Butyrate

Fig. 1. Detection of HSV-tk protein expression by Western blot analysis. A. HSV-tk expression
in LLC-tk cells. LLC, 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 g 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] A¥AM EA AT B 2-tailed {-testE ARE-
o i3

22
1. FIMIZFolA2] HSV-tk [REKIe] wa

1-1. Retroviral vector& Al23l9E 24
LLC, LLC-tk 283 retrovirus HSV-tk& A4k}

© PA 317 A EFoA dilidg F338te] HSV-tk
frAzlel HELEE vtk 238 samples)
G e 2 F AGHUR: A& Coomassie
blue stainingel 2j8] #<lal¥ri(data not shown).
2AEFA LLCE HSV-tk §2=17} 0]i=lA] gk}
dgo] Azgx @ whd LLC-tk AM¥EFE
retrovirus HSV-tk & A28k PA 317 A EZA
Jeht 47 kDa band7} AZ o] o]d®w HSV-tk
TR A Ae FAY = ANk (Fig. 1A).
Butyrate® #z]3F LLC-tke} A28} ¢k LLC-
tk N|2F9] A= HSV-tk O o= W3l
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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. Ix vitro 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.

7t giick(Fig. 1A).

1-2. Adenoviral vector& ARRSINS A9
LLC AlE59] Adtk& 0, 1, 10, 30, 60 MOl& 7
& & butyrate® 3-25¢F Xaelst A Majex] &
2 Zlo] HSV-tk §AAEEL vlwsigdal 10 MOI
AN AEz BE Fe ST dx oA
HSV-tk7} 8= o4 v HSV-tko] 2y
MOI7} 2718k oe} 8A3%) Z7v8Mg L sodium
butyrate & AzJg Ao} Azsix] ¥ ART 17
10 MOI9A 8u& 303 60 MOl & oF 2.59
1.584] Axel w¥z/E ®Houk(Fig. 1B). 10
MOI2} Adtkz o]9)sl LLC-Adtke] HSV-tk o8
o] retrovirus® o]gdd LLC-tkxoh 7.5% A%
=9tH(Fig. 1A).

2. BIQMZFolA] HSV-tk/GCVol| of3t Atalmizt
= A

2-1. Retroviral vector& AIRSIHE AP

LLCe} LLC-tke] digled GCV ®xd Aaige
2 =359 GOV =57} Z74slwia) HSV-tk
A2 ojjle LLC-tke] Adigtes @43 2
7kled 5 M GCVollA] 95% ool Alxrt 4435
glch. LLC-tk 9] IC,2 0.3 M ofstii LLC A
EFE 500 M ol o g o529 IC,e 1,0004] o
Are] zjoizb Uelgdth(Fig. 2A). Bystander effect
£ o] LLC9 LLC-tkE &3 o3} culture]A
#Estged ¢4 25% LLC-tkd AEF7t E¢d
mixed culturedo]A 65% o]Ake] AANAEE HY
ov] LLC-tk Al¥H]&o] Frigel wel Adae
o Z7}sidc(Fig. 2B).
2-2. Adenoviral vectorE ARRSINE 22

LLC #AEFo AdtkE 10 MOIz ZEAHA
GCV w=d 4= s 383
Z7)slEA] LLC-Adtke] A4zt
5 0.5 M GCVME 90% o] A%
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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 baxj =mean+SD.

LLC-Adtk 9] IC& 0.2 M )31 LLC Mz3
£ 500 (M ooz o]ge] IC,E 1,000 ol4
2}olE BYth(Fig. 2A). %3 bystander effects
LLC-Adtk$} LLC-LacZ 8 &3 wiokslel watalsl
¥ 25% LLC-Adtk MEF7F EFE vidlA
75% olatel ANl s Hgon LLC-Adtk Al
27 ZoVel we AdadseE o eI
(Fig. 2B).

3. MHollM HSV-tk/GCVolf 2i3t Zekof A

3-1. Retroviral vector& Al23514E AR
F QA E 3¢ LLC9} HSV-tk 347} 84 =%

AWM EF LLC-tk & 27} ul9-2:0] mjdlo] FAls}
o ol58 &t o] nhg-2elA] bystand-
er effectZ ZAISIYTh 2-39 HFoz Foke] =
71€ A3l =717F 100£30 (mean+SD) =3
& WRE opg-xo GCVE FARI9cH(Fig. 4A).
LLC-tk & o]algt u}9x aFo] F¢e GCVAE
3d FRE Aol E37] Azl 109 =HUE
) $38]) 2JE AR saline g AHeld vhe-2F
2] F9[LLC-tk 2&, 3012+384 mm® (mean+
SD) (p<0.01)]2 LLCZ o]2J3t npg-29] FF
(3248428 mm®%} wasle] zojr} A glglen
A& 369t (Fig. 3A). Bystander effecto] &
A B2 AMEy] gjaiA LLC-tke} LLC #9A
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LLC-tk* = LLC-tk* 50 LLC.

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. -

¥FE 50507 25 75 0| &2 EFS veAaF
M= LLC-tk7} 100%<! I2EAFH 14Y ¢
GCV FA} & Zoro Adx|9th(Fig. 4B). LLC-
tk 100% 2§29 A$ GCV FAL & 347 &%
[102+209] 27847 Yepd vhd E3hu]& 15
M= 3U7A] &% [LLC-tk 50% 18, 157
+25; LLC-tk 25% 1%, 181+26% Xgod 6
AR e AFoda| [LLC-tk 50% 1§, 137+31
mm?® ; LLC-tk 25% &, 154 +287} o]z}
(Fig. 3B). ©]9} 2402 salined FAMS &3
FllAE o] 442 A&5EHAT saline A& v}
5 dz 23 vaste ERIAFY] FFY =7
[LLC-tk 50% 1%, 3273+455 mm® (LLC$} o]

1400
1200 VDLLC—Adtk ] *

- | WL C-Ad50

£ 1000 | & coades

% 800 | WLLC-AdLacz .
E

3 600

[«] *

> s

-g 400 .
2 200 | ‘i i

0 ...

10 13 16 19 22 25 28 31
Days

Fig. 5. [n vivo 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.

23t p<0.05) ; LLC-tk 25% 1%, 3175:+425
mm?® (LLCS} vlm3le] p<0.05) o0& zlol7t ¢l
}(Fig. 3A).

3-2. Adenoviral vector& ALE3I%S 4

LLCe] AdHSV-tk¢} AdLacZE& 60 MOIZ 7+
8ko] 24 A7+ w3k & 5 mM butyrateE vl x]of &
Jbabe] 2447+ of wjeksieith. LLC-Adtke} LLC-
AdLacZ AEFE Z}2+ 100:0, 50150, 25 .75
2Eja 0:1009] Blgr &gk 415 (Zh 70t
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2o vhe Tle) FAR F O gRE 79 §9
GCVE Fojsle] Fke] W 2ARIEC. LLC-
Adtk 100% 2§ % olz} 50% 9} 25% 2 £%
o|413t 318 9] 21vte] oheA BE(100%)M F
o] 309 F HAEA FUtH(Fig. 5). ¥
LLC-AdLacZ 189 #$ 7nlg] nkex 2%
(100% )l FFe] LA 30Y F T =
71E 9214224 mm® (dz T3 ¥lEsld p<0.
01 = A&% 3

&

Kl

AzFe A Wl 82 A AgdA Viral vec-
toro)] oj3 AgE fHxe] YHo| AAE= Higol
%% 2438k=t) adenoviral vector 2 o|g® #3zk
o) MHEZILE Folr] I8l MEHR £ butyrate
glate] faxe] FEe 5-10u ZU1AZ1 Alellrl B
T B Ao M= HSV-tk #8AE FgA
¥4 LLC4)] retroviral vector$} adenoviral vec-
torg olg3sle] ¥d =YF F butyrated] 2Jg
HSV-tk f7xte] wrde #a3l9r}. Butyrateo]]
o3t f-=¥ HSV-tk §3x #3de Western blot-
tingol] ol&] AZ= ). Retroviral vector 4%
Heo] Iy Vel ¢e whA adenoviral vector
o] ¢ 13} 10 MOI9] 79 84 L857He By
10 MOIZ AdtkE ©]igt LLCojA] ¥ HSV-
tk Aol k& retroviral vector® HSV-tk &
A7} 100% 2 o]9¥ LLC-tk®ch 7.5% of 2a
Hgic}. o]# Aal= adenoviral vector2} butyrate
£ ¢ AMESIAE S we MOIA Ex A7
o] FEe I F g &L titer7} 87 EHE
BA W AEAA &2t g Aoz Alsdrh

o FrAztA gl tfdk HSV-tk/GCV Aol Al
¥ol o]d® HSV-tk #d27F Ml 2o] DNA &
Wafshe A4 FEH gos FHz2 £

A & FHY NEE AT & AT bystander ef-
fect7} #&HTE. o] Bystander effecte] 7|dog
1) A48 A9 apoptotic vesicleo] o237 A
ol 9314 endocytosis F'%'¢ 2) BAJEZHo] gap
junctiong B AlFEUlel®” 3) AR WA im-
mune/inflammatory response®} delayed-type
hypersensitivityZ 40# oo 3 AGurgY &
1 So] itk 47le] HSV-tk/GCV Agke wa
7] 98 HMERS LLCO) retroviral EE&
adenoviral vector® HSV-tk f#AE o|qid &
ZARBIGEY. MTT ZAME §allA BAEd] Hla)
retroviral verctort} adenoviral vectoro]] ¢J3f
HSV-tk f8xE o[t MEFA 22 F=9
GCVIME A% AlE Haart gler GCV &
=7t R 85 Adadpt ke A ¢ 5
gigit}. LLCe} HSV-tk o]9® LLC9 IC;2 5
viral vector 5 Fzro] 1,0008] o]4ke] 2olE K
o GCVe| £ g3Fo] Z71r5 o a3Ad ¢
AXE £ £ J& Aoz st Algd] FEA
GCVRolo whg T 74 4w g4 5o #
zZpgo] o] GCV §337tle Aol dg AL
2 AleEcH*® & viral vector 7re] Z}olE by-
stander effect& A3 AFA FFHIEH
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