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Background : Recombinant adenovirus hold promise as vectors to carry therapeutic genes for several rea-
sons © 1) they can infect both dividing and non-dividing cells ; 2) they have the ability to directly transduce tis-
sues in vivo ; 3) they can easily be produced in high titer ; and 4) they have an established record of safety as
vaccination material. However, one of the major limitation in the use of adenoviruses is that transgene expres-
sion is quite short because adenovirusees insert their DNA genome episomally rather than by chromosomal inte-
gration, and an immune response against the virus destroys cells expressing the therapeutic gene. Since sodium
butyrate has been reported to induce adenovirus-mediated gene expression, we hypothesized that treatment of
tumor cells, transduced with herpes simples virus thymidine kinase(HSVtk) gene using adenoviral vector, with
butyrate could augment the effect of gene therapy.

Methods : We transduced HSVtk gene, driven by the cytomegalovirus promoter, into REN cell ine(human
mesothelioma cell line). Before proceeding with the comparison of HSVik/ganciclovir mediated bystander kill-
ing, we evaluated the effect of butyrate on the growth of tumor cells in order to rule out a potential antitumor
effect of butyrate alone, and also on expression of HSVik gene by Western blot analysis. Then we determined
the effects of butyrate on bystander-mediated cell killing in vitro.

Results : There was no inhibition of growth of cells exposed to butyrate for 24 hours at a concentration of 1.
5mM/L. Toxic effects were seen when the concentration of butyrate was greater than 2.0mM/L. Gene expres-

sion was more stable and bystander effect was augmented by butyrate treatment of a concentration of 1.6mM
n
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Conclusion : These results provide evidence that butyrate can augment the efficiency of cell killing with
HSVik/GCV system by inducing transgene expression and may thus by a promising new approach to improve

responses in gene therapy using adenoviral vectors.( Tuberculosis and Respiratory Diseases 1998, 46 ©587-535)
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tion), EUWCl|2 U GH-AALe] Fgdoht FF
AAFAAle HEE wAsHE AWl (mu-
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o]&-3t Bx}8}8kQ ¥ (molecular chemotherapy) 5
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FARABAA 7HF Fod HA £ she fd
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adenovirus, adeno-assoicated virus %o} g8 A}
£E1  ¢c}®.  Retroviruss W@WolAo] A,
retroviruso] o}3] ©]JE fFAxkE A7 BHA
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Albelda SM(University of Pennsylvania, Phila-
delphia, USA)2 % A|F uwetony, 10% FBS,
penicillin G(100 U/mL) streptomycin(100ug/
mL)e] d7bd RPMI sj#]ofjA 37°C, 5% o]4i3let
& BjF7IoNA wlokst .

2) Adenoviral Vector & 8} 0]g]

B A¥d AM-F adenoviral vectorgl Ad.CMVtk
¢} Ad.CMVlacz= Albelda SMo 2 HE A7 Wk
g, AFHE vectorSL 2934 EollA Z2)1)7]
F Add AR A7A -70CH] BEsiy e
vector®] ¥7l= 293 plaque assay$} sphectri-
photometric density 8 &43}¢ic}.

FAA= Ago] AHgE REN AEEo] T25 cell
culture flaske] 60-70% R A& A== g A
oA Ad.CMVik &8 Ad.CMViacZE ZEAA
AEdz o]drzltt. REN A ¥FE= Ad.CMViacZ
& ZEAZ F X-gal G244 100% lacZ 279
olglo] &elE MOI(multiplicity of infection) ¢l A
¥% 5 pfu(particle forming unit) 2 729 A3},

3) GCV #EAAM

HSVtk #Ax7E ol)lHA] @& REN Axs}
HSVik f#8z71 olde ME(RENSTK)E 96-
well tissue culture plated]] welld 40007] (100ul
media/well) ¥ B39t 37°C, 5% olAksieba
wigrlolA 24 N7 B8] Al ¥ E©] monolayer&
gsie W GCVrE sl oF& wizle} 0.
02uMel A RE] 200uM7tAle] GCVE Hr}E wix)
2 3. 5U7 MY ¥ 4 welle] AEAE
FE FAYoH, ASIAEFE  wAEAHEQ
MTT AAPE®(Cell Titer 96 Aqueous Nonradio-
active MTT Cell Proliferation Assay, Promega,
Madison, WI, USA)c.z 7t¥gxo=m ZA3l¢r).
Z 54U v & zizte] wellnjt} 20ul. MTTSA

& A7isla 37CAA 3AIRMESE F7) g He
490nmelN FR=E A er, GOV H7H4
welle] FHTE GCVIL 7=l & A= wje
& welle] F4wote] BEEZ A& &S P39

4) MZ ZAES (growth rate) 5%

AEo] FA&zd 4ol QI butyrate s =& 78
7] 918 butyrater} MEF2ER] WAz T
ZAlstgitk. RENAj29 RENSTKAIEES 96-well
culture plated]] welld 400075¥ ¥F3ste] 24 A)17F
ke & butyrateXzlyd} diEFoz Wedth
Butyratex|g]#+& 1.5mM/L, 2mM/L3} 3.0mM/L
9] butyrater} H7be WA 2 ugste] 24 AIZY wlek
%+ % butyrater} FH7EA & WA 3UT Wi
stgon, YxPe butyrater} Hrhs]x] o wjx)
2 497 wjgstsih. AEgs MTTZHAPECR &
Al en, butyrate 7l W& MEGF] Ax
T butyrated H7pshA] &2 wiA 2 wige well9]

TE=oe HEER el

e

5) Western blot analysis

REN AjzEo] T25 cell culture flaske] 60-70%
A= Ag AER AP YA AEZ 5pfu
{particl forming unit)¢] Ad.CMVtkE ZIAIA
FHAE OIS 2442 I F 3EOE U
ot A1 butyrate7} H7bEA] & WA= v
e, A2TS FEAl]] £ 298 E(244130
A 48A1Z7EA )4l 1.5mM/L butyrate® 7}l
wjkslgdon, AT Fateld F 3¢AEl L
5mM/L butyrateE 7} wixz  wjksioict.
Western blot analysis® f3#}to|q) & 24, 34,
agm 74 4 Al

WA 109) AEES dAEEslY A5AL BE
1 0.5ml SDS sample buffer(62.5mM Tris-HCI
pH 6.8, 2% SDS, 10% glycerol, 0.001% bromo-
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phenol dye) & Wi £ F 583 100CAA 7}
date] L33t &d" $&5L SDS-PAGE
A7195S HAE §, AL transfer buffer(25mM
Tris, 0.1% SDS, 192mM glycine, 20% methanol)
2 587 pAlst F&A O AdrlelgA A F33)
= x}e+8-9% (4% bovine serum albumin, 0.02% so-
dium azide in PBS) 2 2A17H5<H Ag)sled B)Eo)
el gl el binding& blockingdt %, HSVikol
th3h rabbit polyclonal antibody Z&ei(1 : 800)
o2 4TCeoH  12AZFs¢ wreAlZYh. TBST
{50mM Tris-HCl pH 7.4, 0.9% NaCl, 1% Tween
20002 33 A £ 2x84 £89Y (anti-rabbit
IgG alkaline phsophatase conjugated secondary
antibody, Promega)(1 : 7500) .8 1A)7} %<t vl
LAk, e TBSTE 33, AP buffer
(10mM Tris-HCI pH 9.5, 100mM NaCl, 5mM
MgCl,) 2 13 =45} substrate solution(0.4mM
nitroblue tetrazolium, 0.38mM 5-bromo-4-chloro
-3 indolyl phsophate in AP buffer) (Sigma
Chemical Co.) el B T8 3023 20 x|l
A Az}

6) In Vitro, bystander effect &8

REN A¥E& MX% 5 pfue] AdCMVikE 74
AA F282E oYk 24AF vdet ¥ butyrate
A2 1.5mM/L butyrate’} H718 Wiz 24
AlZE viFsla iR butyrater} H71ERA] oo
WA 2 24 A)17F wiloksk & “mixing study” & A3}
fom, I HPHE wE? o] A u Yot
s A g gy, HSVik #3271 o9
HA) ¢k HSVik S$AA¥S HSVik §37} o
Y€ HSVtk YHAEE 47t 4x10Y/ml2 & &
HSVtk 44 %0 8 HSVik 94 xe] v g
0%, 10%, 20%, 30%, 50%, 100% = A 4
T 96-well culture plated] 100ul® B34}
37C, 5% olisigis wiokrlolA 16417} Hi¥s}le]

A EEo] monolayer® ¥AEI& w 20uM GCV
b FHke Xz m@isle) 597 ajdsisich
HSVtk SA4A¥7F 100% 1 well®] Ml¥7} 3]
kel 100% xAIEE MTT ZAAPECR 2} well€]
HENEFE HHF o2 F73)9rt. HSVtk 44
ME7L 10% 2 100% 7R 4Q1 welle] §R=E
100% HSVitk gAME2T @ welld] 3% o
g2 AEEE T

4 =
1) GCV ZdEAl

REN Al£52] GCV dig 7334 44 Fig.
13} Zch HSVtk §377} ojgdd Al£e] 50% 7}

100 4
8 s04
5
»
= 604
L
]
o IC50
464
—e— REN
204 et REN-STK
o4
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Fig. 1. Adenovirus-mediated transfer of HSVtk ren-
ders the human malignant mesothelioma cell
line sensitive to ganciclovir treatment in vitro.
Comparison of ganciclovir dose-response be-
tween untransduced cells(REN) and HSVik
transduced cells(REN-STK) is shown. Points
on the ordinate represent the percentage of
cells present at each dose of ganciclovir com-
pared to untreated cells(no ganciclovir). A
total of 50% of HSVik-transduced cells were
killed at 0.7uM GCV(IC50) as compared to
untransduced cells, which showed only 5%
cell death at 200uM GCV.

— 590 —



— Butyrate on adenovirus-mediated gene tyerapy —

B Butyrate (1.5mM)
Butyrate (Z,.0mM)
O Butyrate (3.0mM)

X Control Survival

TK(+), no 6CV

TK{-}, no GCV

Fig. 2. Effect of butyrate on in vitro growth
rates. Growth of cells exposed to butyr-
ate was compared to growth of control
cells, not exposed to butyrate. There
was no inhibition of growth of cells ex-
posed to butyrate at a concentration of
1.5mM/L. Toxic effects were seen when
the concentration of butyrate was great-
er than 2.0mM/L.

0.7uM GCV A Apstdont a7t olelex| 9
& AT oF 600uMolA] 50% APstel HSVtk &
AL oy ® MEEL HSVik 871 0|95
& Alxd visi GCVell tigh 7h4Ado] #<jslA &
7+ AT

2) ButyrateZ} MIZ BAISTol| oixl= A%

Butyrate 8] M £ A7 oAl &7} 7} bystander effect
o PlXl= 9GS wiAEt] Hste] butyrater} AE
F2el PAlE e 2ARBIYeH, 11 A3E Fig
28} Zv}. RENAM| 29} RENSTKAME: 1.5mM/L
o] butyrater} H7VE wilo)HE 2y AREE
9] zol7} giglont, 2.0mM/L3} 3.0mM/L butyr-
ate7t A7HE Wi ME dizd e AgEEs)
8-9%¢} 31-35% Z+AEyd.

3) Butyrates} o|IE! FHXle| Wil o]z H&

o

M3Ee] A&z 4] ¢lE 1.5mM/L butyrate

Fig. 3. Western blot analysis of HSVtk protein
expression . Adenovirus-mediated gene
expression was more stable by butyrate
treatment. REN cells were infected at
muliplicity of infection of 5 pfu per cell
by Ad.CMVtk on day 0. Medium con-
taining 1.5mM/L butyrate was added
and withdrawn of day 2 or day 3 for 24
hours. HSVtk protein expression was
analized with a rabbit polyclonal anti-
body at day 2, 3, and 7 after infection
with Ad.CMVtk. Lane 1-3, without bu-
tyrate treatment ; Lane 4-6, treated
with butyrate between day 1 and 2 ;
Lane 7-9, treated with butyrate between
day 2 and 3.

Ao whe fHizte] dER= Fig. 33 o bu-
tyrate7t A7MEA] & A2 w3l ERFAAE=
ARl F TUol FAAte] Bo] giiont bu-
tyrateZ A3 FoME FHAI0Y F 7R o]
e ARk Lol gileH, 5§53 f3A ol
3L 48417 Fol butyrate® 22§ FollA] f-HAte]
W o] A3t

4) In vitro, bystander effect

ButyrateZ} bystander effecte] nlXj&= 93-S ZA¢
&7 28 1.5mM/L butyrateE A g3 FolA9
bystander effect2} butyrateE H#jslx] @< dz
¢ bystander effect& n}idlsqct. Butyrate g
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B cControl
Butyrate (1.5mM)

60

K Cell Survival

40

¢_,

20

% TK Positive

Fig. 4. In vitro mixing experiments in presence
and absence of 1.5mM/L butyrate . By-
stander effect was augmented by butyr-
ate treatment. X-axis, varying mixture
of HSVik* and HSVtk™ cells ; Y-axis,
percentage of cells survibing expressed
as a percentage of HSVtk™ control cells
after exposure to 20 uM GCV for 5
days. -

Aelg oA tjzTtol ¥ls] bystander effecte] 2]
& A a7 oA F71E Ao (Fig. 4).

(]

o

AdenovirusE DNA ulolglagz AdAM¥e] 733
ZstEo] 2la F4EHA] e M Xollx §-AAle o]
o] 7Fg3tH, in vivodlA Th& v A <] v]&| FHAt
o]} &&o] ¥ 3ol 9lor} adenoviruso] 25|
olfld fraAdE £FMEY G4 integration
HA 7] Wi f-3xke] wde] Ir1FQ Bl
gl'c}_z.& 5).

Riggs%S-*¢] butyrate’} histone2] hyperacety-
lation= Z#jgth= HuE 3 3, buityrate9] A X
443 FRAPLE vAe T B g a7t
A5t Butyrates AX9 GI-S Agg <A
e AEF7) 22267 AR 3B fFEsE

Ago] 9o, fxte] HEE 2HIF. F o
g 712 GAHIEFIA butyrateE AHE A¢- c-
fos9} c-jun f-Azke] FHE ZVlsEm p539 Rb
$AA HHe ZAHETM, Butyrater} AlEe] 44
3} fAxte] o] gofshs 71 ofH S48 W
B2 ¢kgtort histone deacetylaseg A8l
histone©] hyperacetylationge] w& chromatin
structure 2] ¥ oJFHc}a s W,

HZ o]z butyrated] MEAF A& 2
oY= butyrates} retroviruse] LTRs#} simian
virus large T &ge] AA2E e A8 A3)8tY v}
ojgix fraxte] AAE FMAZIYE EaERen
vlolAE AR o]Yd fHxte] BEE FVHA
itk Hag 81930 fAxgd butyrater} A}
£8  UE& AARSIC

Tang% P Dion$®& adenovirus?] {2
7k&-H Ela £$18 CMV promoter?} luciferase
FARE X B3 vpolH A HELE o] 83 UHA
butyrateg Hz|g Z-$ olg fFaAe] Lol
oA FVktgen, olsg 7k butyrate FE
o} A Aol weh felgtk xolrt ATk st
Ig)3 o]E&  histone deacetylase inhibitorgl
trichostatin A(TSA)E Az 39 wel= butyr-
ateg Az 799 o] {ARe WHo] It
d4gog Hol ojgjge fdat Wwde] FVhe his
tone?] hyperacetylationd] &j3itix 3}get. AA
o] dFMzE AEe A o] YU L
5mM/L 9] butyrateE 24A)17F A3k A $-3A
o] Bz FelF o7t Uew, 53 K47
& olgsln 48417t Fo| butyrate® Hele A%
wEr|7re] 7Pt B} 88k

HSVik &-AAE o]83t SARX 844 bystand-
er effect= HSVtkE T3l gAE F49 A=
= GCV Fo ¥ APgshs @48 9shd, oé
bystander effecto] 2J3] %AM¥e] 10-20% %t
HSVtk #3248 gz Ao RE A E
apoptosis7}  ZFE}F®,

Bystander effect:
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HSVik @A 80A F8 F71-e) shig 2
7188 A E7] gap junctiong 3 metabolic co-
operation?} MEJAY Fof s doldrin g
A AT, AAEL butyrate® A|d Z¢ by-
stander effect] £2% =vp7} ¢gjon o|gjge
bystander effect®] Z71= butyrated] <3}
HSVtk f3zte] dd7)7ke] J7lol] A7 Aee A
7= A

2 o

o7l -

HAAAB o] 4Ht adenovirusE 712 F=
wlele ATAE g X13tHo] ola FA3HA] g
AF= FARFe] o|}o] 7Fa3l, in vivooAd th
& el H|3) frxte]q] 8ol B2 o] Urt.
a3y} adenoviruse]] old HEH FAR= AL
chromosomed]] A€ A ¢F7] W&o A7} B3}
W BAEY FHol HAEHR & ¥ ohiz}
adenovirus7} <52 W& Zef3le] o]YH #
Azt A wheh dEE fRxpe] ddr|zte] F
& Ee) rk. ¥3A|HHIQl butyrate: histone
9] acetylationg F7MA ATH Fdxe] 23L&
Z7It A gt} ARFEL F-AXA B A] butyrate
£ HE8F T AF olYd FAAte] wdo] FrlE
I, Wb fARA gL 2HE VML = UL A
ojgk= 7}3le) butyrate’} herpes simplex virus
thymidine kinase §3x& 0|83 F-AAX| g 1|
A dHFE AR

g

otd ZHFTHMEL] RENAE] AdCMVikE o)
T F AEES 3TOE R 1S butyr-
ateg AeshA| ¢ 7Y wigstG o, 2L o]
A F 1949 281 37 o]y F 294 1.5mM
/L butyrate& -3k wiA|oA] 24 A17F B9k vk
& ¥ butyrater} FEHA & w2 mB3}e] 6l
Forgoh AR ol ¥ 29, 3Y, 23 7Y

Western blotting& A|g§éled §-A=}e] BEACE
zABIg0H, butyrate #g] 5o m& bystand-
er effectd] <93 AALF e xpo]lE R AME
At

2 1t

Butyrate& 23tz & di=e fFHxloldd
7940l f-22ke] Wdo] gidov} butyrated Al
T T TERE fRAke] Wde] Qg g
butyrateZ *z]3 7$ bystander effecto] <&
AFEITL frefsiA ST A

2 B!

olxe] A2 butyrater F7z}e] HHL Z7HA
o 2]8} bystander effectE F7MAAE & F AN
o, 8 & adenovirusE o|£-3 FANA T EI}
g 37 F e AR el 8 Ag e

AZry,

hu

g

o
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