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g 4 gtk ofdlkutoly A~ EIBY E oE F3A1 E1IB 19kDa
a3k A E A apoptosis) A A ZA Bel-2¢9F 97149 2 1 75
o] fAlstth EIB 19kDa obdlimwlolejx~ol %7] wd {7 #}9l
El1A°] 93] s AXIALE AdAsts E42 2 de8A glon,
of gl Abgre] FYMEEAA pb3ell o5ty FLEEHAE= MEIAE
AAANNGE Ao ma FJA M =3 A% A growth
factor)9] AfPolu} WALA A7 EE FdAld o FREHE AE
dALE JAEE d 9olA E1B 19kDa®t Bel-27F 7|sd oz e
o} o] m1ug u} 9ltH® z¥]3 EIB 19kDa &% 7¢]
2AE T4 7hs obHlimutolgf 2 Hiolel s FA O wWE A
S AH(necrosis) ¥ ofyel AIXZIALE FAlY FET o] IA

-
X ANESo e ZrtdtE 29E R ay ot

N
32
dlo

A A5A GAE s FIANE F de AR
+ Herpes simplex virus®| thymidine kinase(HSV-TK)Y E. coli9]
cytosine deaminase(CD)9} 22 kAl 744 1A, pb3d 22 &
oF oA A& ™A E (immunotherapy) S 3t interleukin E
= tumor necrosis factor §AAY FI A FTawAzE 98
MDR(multidrug resistance) %%}, 12|31 antisense RNAE 343}
7] 913 antisense DNAS™¢] o] golt} o5 F HSV-TK: @A
7MW HIERE ARG E A= oAl A FAAR, 540 fle
kARl ganciclonr(GCV)E QA4FSA A A AlX e DNA T4
AAste] Fdst= AXE AHHos AMEAE F U+ AR FA
2ol T} Thymidine kinase™= DNA 34 Al salvage pathwayol ©]
45 E4AF HSV-TKE  thymidine ¥% oly2} nucleotide
analogs®©]| ™A dhrlo]# 2~ A A2 o] 85+ acyclovir?t ganciclovir=
absiAZ S Qd®. GOV AE UelA HSV-TK &l 3
ganciclovir-monophosphate= B} 311 T35 @Al A M 3EQ] kinase
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e 2] 3 ganciclovir—triphosphate 2] He = 8 o>,
Ganciclovir-triphosphate= DNA &4 A] DNA Al&eol] 44 o] DNA
e AL FEAA ApHo R DNA AL gAsA B9 F,
A Fol= Aol = AAQ ganciclovirs HAAIF o2 Folg)
< uf, HSV-TKE #dst= ofvicntolel 22 ZFHE QbAoA vt
HSV-TKell ¢ate] Hdeofal7} QlAkste o] A 25 AFEAIZ

Aok =3 =& oA E 9 apoptosis vesicleS 213 AofodE ©

ﬁ

»
é

FA

=

2
3Z7F A A EZ 28 (phagocytosis) s 24 HSV-TK7} o] )& #] &2
A E %= ganciclovir-triphosphate”’} E9]7} AXALES o7
bystander effect& 2 G Qom, dAMx g WHIRESo] F&
H o2 M bystander effect7t WEFUA FTF. o]A L HA YA BE
A FAA e 7 & £ARY Ee AR As FAAE
o]ldt 4 QutE AHE REARoE BT £ QuiE HiA Fo

3 ol g

wekA] 2 ATl A=, o8 T/ EIB A WolA F4
7V otdlmnlolg s~ FME TS wi7EAI7I7] e wetew
oFAl A A HSV-TK F425 338 =9ste] dAxE]
kA #HAd (drug-sensitivity) S S A 71 322} stk &3 oo =n}
olg]2 9] E1B 19kDa®] A XAl A A=A ogo]t} E1B 55kDa
of wpolgjx EAol #uHE 7 2 ph3e EZA3 vEol wE
EIB 3z WolAle] F§AQ HMxE Ades nlasti, 7H7he
E1B {3zt WolA]l ofdmnfolgf o] HSV-TK FHAE =Yt
ofdimmfolg] 2] FA o] wWE AE AT ofuzl HokAe] <)
GME S A FEstaA stk =, E1B 19kDa ©@ui A o] 7]
T A o ME s % 7}?"374' E1B 55kDa 4 #}<]
el ok AMEe] g SeolH AT, 1Ea o9t tEo

HSV-TKZ El f#x ®HolA| ofdlimnfolg] A5 Zggsozn v
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o. A5 2 OH
1 o AxSF 2 AlEWE

Aol AHeE AEFEE S AEZF(AB49), AA e Al
F(Hepl), A& AIEF(C33A)°]H, BF ATCC(American Type
Culture Collection, Manassas, VA)ol A T3t e AXFES
10%9]  $-®Hold H(GIBCO, Grand Island, NY)& X3g3}=
Dulbecco’s modified Eagle’s medium(DMEM; GIBCO) ujokof o
A A penicillin/streptomycin(GIBCO)S A 71sle] 5% CO.9 &4
sloll 37°C -2 k7| oAl H) ksl ).

HU

AA W FEY HAEe 6~8FHY FA F= AF
(BALB/c—nu; SLC, Japan)E& T3t A3ttt & Ab
T 22 £ 2C, F5E 5H~60% 2 FAAHAeH, HY
AR 2EAA YA, WA AR " ugAE(TY A

! A

5 &%, Seoul, Korea)2}

3. HSV-TKE 2&d3t+ ofvnle|gd 259 Az 2 A
)‘\_]:

old|=nlo]2f 2~ 9] E3 F-9lo HSV-TK F3 A7} 4AFd ¥ ofbd
wHpoli s WEY] flste], WA HSV-TK #dA5 2dshs E3
MNEWHE A|Zstth. Cytomegalovirus(CMV)  promotere] 2] 3
HSV-TK7} @& ¥ += pCA14/E1AEIB19-TK(¢] 85 vA} University



A AES3 (28593-30470)

| g)— AQAEL

lE }— ALAE1B19/55

Stop codon

lE }— AL AE1B19
|§ }— Ad-AE1BSS

|g’— Ad-AELTK

i |E}— Ad-AE1B19/55-TK

3 :E-gemq. e | TK '

]E }— AJAEIB19-TK

]E )— Ad-AE1B3S5-TK

Figure 1. A schematic representation of recombinant adenoviruses
used in this study. (A) Ad-AEl1 has the whole El region deleted;
Ad-AE1B19/55 contains E1A, but is E1B19 kDa and E1B55 kDa
deleted; Ad-AE1B19 contains the normal E1A and E1B55 kDa, but
is EIB19 kDa translation initiation codon mutated; Ad-AE1B55
contains the normal E1A and E1B19 kDa, but is E1B55 kDa
deleted. (B) Ad-AE1-TK, Ad-AE1B19/55-TK, Ad-AE1B19-TK, and
Ad-AE1B55-TK comprise the TK gene inserted into the E3 region
of Ad-AEl, Ad-AEIB19/55, Ad-AEIB19, and Ad-AE1B55,

respectively.
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of Pittsburgh, USA)Z5¥ CMV promoter2} HSV-TK #$/& Bgl
0 Agtas= AHglste] E3 ME¥H<A pSP72AE3¢] BamHI Al$H&
A2 F9lol AYdEgo =M pSPT2AE3/CMV-TKE Al %3St ofbd =n}
oj#f2 o}d 59 El H-¢7F Wdd Az obdmulolgx~ F E1
A7F BF A4 S B vko]e 29l Ad-AElL, E1B 19kDa¥ EIB
55kDa 917} 2% AA" Ad-E1B19/55, E1B 19kDa #9171 &84
st¥l Ad-AE1B19, Z12]31 E1B 55kDa F97F AlA ¥ Ad-AE1IB55 ©}
ti=ntolel s MBS 747} Spe] Aasw dusio] dhdrlgow
RHE H, A7lel A Al ZE HSV-TKZE 4F9 € E3 A& E Q] pSP72A
E3/CMV-TKE Xmnl Asasr=z Adsto] it BJ5183] &4
FA HAIAA FH4A s A FZFE(homologous recombination)S
w=akelth BJ5I830IA 537 e AxdE EAv|E DNAE L
o] FuiHor Horz tiA] DHba tigwtel] 2 H3AA DNA
& TEZAZT DHbe WddoziE s Axdd FHgzv=
DNAE 531 Hindlll Ad-aiz AHelste] Zhzre] A x3E ofd
wrtoly 2 FAAES AT AT ofulentolg 2~ FEk=
MEE  Pacl  AREZE AUS H 203 AEFo
lipofectamine(GIBCO)S ©]€3}9] transfectionA]#] Ad-AE1-TK, Ad-
AE1B19/55-TK, Ad-AE1B19-TK, 18|31 Ad-AE1B55-TK A x=g o}
g w=nlo] 8 -5 AAkeSd th(Fig.1).

4, AZT oftl=ntolEg 2 Ad-TKEY HAA £z 9 PCR

Het AEFA  AB49e]  Ad-AE1-TK, Ad-AEIB19/55-TK,
Ad-AEIB19-TK, aga Ad-AE1B55-TK old|=nlol g A&

multiplicity of infection(MOI) 10°.2 Z}Z} ZFAA| 7|2 48417 3
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genomic isolation kit(Qiagen, Santa Clarita, CA)Z Hfole] A~ H4 A

g 5atdrh 5% obdmutole 2 f0AE FPOoE S EIA,
E1B 19kDa, E1B 55kDa, 183l HSV-TK #xAE Sol4 oz
Sy T U= primer set(E1A: sense
5" -GATCGAAGAGGTACTGGCTGATA-3', antisense
5'-CCACAGGTCCTCATATAGCAAAG-3’; EIB 19kDa: sense
5'-ATCTGACCTCATGGAGGCTTGG-3', antisense
5'-GCGGACGGAAGACAACAGTAGC-3'; E1B  55kDa:  sense
5'-GATAGATACGGAGGATAGGGTGG-3’, antisense

5 -TGGAGTTACCCTCAGACAGGATA-3’ HSV-TK sense,
antisense) < ©|-&3sto] PCRe 33 %, 779 E1A, EIB 19kDa,
EIB 55kDa, HSV-TKel twha PCR AAEES HolA st
agarose wellel| loading3ste] A 7|95 3o}

5. Immunoblotting ¥4

Aok AIEF(C33A) A= obdlmnle]g A5 20 MOI
o g7tz HAAATIAL BAI ¥ Ad" AEE FFste] lysis
buffer(50 mM HEPES containing 0.15 M NaCl, 0.5% Nonidet P-40
and protease inhibitors: PMSF, TLCK and TPCK)Z A ¥ E 3f¢g
Al71a SDS-PAGE(sodium-dodecyl — sulfate-polyacrylamide gel
electrophoresis) {71955 Al @At d7195 5 gelol U= &
4ES PVDF membranel electro-transfergt % EIA w393
(sc-430;  Stratagene), EIB 19kDa ¥ & (DP17; Oncogene,
Uniondale, NY), EIB 55kDa ©@¥Z(Dr. Thomas Dobner,
Rosensburg University, Germany), HSV-TK ©@¥ 3 B-actin(Sigma,
St. Louis, MO)& Eold o=z At IAES 7217 dA A=

hybridization*] 7] 22 HRP(horse radish peroxidase)’} Z3¥ goat

_12_



anti rabbit IgG(sc—-2004; Santa Cruz Biotech, Santa Cruz, CA) T+
goat anti mouse IgG(sc-2005; Santa Cruz Biotech)& hybridization
Azl % ECL(Enhanced chemiluminscence: sc-2048; Santa Cruz
Biotech) W o® X-A ZFol 74 AA mambrane g2 iz}

FAskel Agel s 2AST 2 WA BAFYS HAsAch

6. A=F oldmmiolel 29 T4 B AX AT AT
Ak ofdlmmbolei ol FAE B AL Ao ui Al

A 58S AT kel HY AEF(AS9), A Hg AEF
(Hepl), A4 AIELF(C33A)°0 0.1 ~ 50 MOI %7he] #jz3t o}l
wrpol A5E A4 AAART B FFe vlelg s oo 3

Hpolf 27F 7Hg v ATt AAAREE AL AFEAIZL Al Ol B

= WA E A AL 05% crystal violet(in 50% methanol) 2.2 ZH&E
3 AEES TAAZL G & BA59 )

7. MTT 49 & AX YEE AA}

of\

& 5ol A otdientolel 29 Y AlZrel| wE AlE
s s g &F3tat7] el
MTT(3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide, 2
mg/ml) assayE Al @A TE o] Aol AEAE HEZ=g o}
9] succinate dehydrogenase®l 23l &34 2] tetrazolium¥ o] -84
o] formazan A== H3o] HE HE o]&sto Y FEA
(spectrophotometer) & FeU LS A slo] Aolgl= A¥Xo =5 =
Aot WHolth dMEF A AEFES 48-well plateol] 2+t
30~80% confluency® #F3taL 24A13F & Zpzhe] nlo]lH AES
Z

Hepl> 10 MOI, C33A¢} A549+= 3 MOIZ 7H7t A Al T, vhol g

_13_



2 79 F 2443F FHell defAlCl ganciclovir(GCV; F.Hoffman-La
Roche Ltd, Basel, Swizerland)& 0 ~ 500 pg/mle] == A3t
AkAl AHE 49 Fo MTTE 2 mgy/mle FEE
phosphate-buffered-saline(PBS; GIBCO.)oll =9 125 xl* plate well
of H7tsto] 4A]F &<t 37TolA ¥HEAIZ & FFAS A7 SHATH
ol 2= welld] 1 mle] DMSO(dimethyl sulfoxide; Sigma, St.
Louis, US.A)E F7FstaL 37TelA 1023F wbeA2 5, Zb well&
96-well platee] 200 w2 =7]31 multi-well ELISA automatic
spectrometer reader(Behring ELISA Processorll, Germany)Z ©|-& 3}
o] 540 mm FFA FILE(NAE F5FE)E 4T F Uz F

sawsh wamstel thed 2o Ao ALY AEES FEA

of

Ao A A FFEIE NAr STE

NZEE(9%) = x 100
e 210l WL A BmE = A EomE
Hxze AT A FTFEI)TE MA STE

8. GCVStel W8 Fojo] &% 34 715 olulmubolgx
9 4% W3 A%

3 A9-9 T4 7be oty

AZ3s7] 918l 24-well
platee] 2 x 10" 7H4 A549 N XEFE FFsla 24A7F T zhzhe] o}y
wrbe]l Y ~E5S 10 MOIZE A AT 2443 § GCVE 5 pg/mlE
Agsta xFoezE AXo GCVE sk &3tk GCV A g
T IAe] W& wlolel s AAERFo] ME U, S AlE 9§ wet

R
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=
£
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=
N
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o
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assay°l| 9J3l| vlol]x~ H7tE AFESHS T
9. A U IFT¥ 524 AF

AF 7 ~ 8F A% A FEekgzo 1 x 10719 C33A
T A9 AEFE B5F Fste] FAbstA T FFe §F el oF 70
~ 80w AE HAYS wf, 1 x 10° plaque-forming unit(PFU)/50 2]
ANz7 otdlmntol 255 ol HASE Al H T o AH F
AbsEal 24412 SHH 12A12F (1A 02 149 st GCV(00 mg/ke)E
B4 el Tttt nlolgj s Fol & 2~3Y AR FEY A
7]% f;ﬂo}oﬂq 0}\4 EH.%L#E P

& &AL caliperz FFo dE3 F=s S5kl vedt 22

(o}
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HSV-TK 35 2dse 54 E% otdimulolg =9l
Ad-AE1-TK¢} EIB 19kDa¥} E1B 55kDa A7 A2 =24 =%
" 3FF F2 7be otdlmwiel#is Ad-AEIB19/55-TK, Ad-A
EIB19-TK, ¥ i Ad-AEIB55-TKE A%k $(Fig. 1), o|5 A%
gt ofdlmnlole 259 FAA W El @ HSV-TK #F3x9 +4&
golsldct. o]2 $sl E1A, EIB 19kDa, EIB 55kDa, —2#]al
HSV-TK A=}l i3+ 54 primer setS 217} o] &3to] PCRE &
st on o]lE5 ofdimulolg] o] &) W w = E1A, EIB 19kDa,
E1B 55kDa ¥ HSV-TK @¥lds5e wd A4S #3796
immunoblotting S Al 3sFA Tk WA A549 H<t MEFO] Ad-A
E1-TK, Ad-E1B19/55-TK, Ad-AE1B19-TK, %+ Ad-AEIB55-TKZ
747k 20 MOI= #Z9A1Z § AEZRE violelx FHAE 3539

.53 nloly A~ fFAAE 3 DNAZ st 2+2be] 54 primer
setE2 PCRsle] 539 A9 &4 ofFef a7l& 439 o (Fig.
2). otdlx=nlelei o] El A7 Asd 24 E5 ofv o]~
o1 Ad-AEI-TKZ #gdd AlFolA = HSV-TK A AH700 bp) A=
gko] AAE o, Ad-AEIB19/55-TKES Azl 29+ EIB
19kDa¥} EIB 55kDa fxzatE5o] AE=o] o]  EIA FxAH479
bp)¢t HSV-TK F#2H700 bp) AtEe] A=A sAw Ad-A
E1B19-TK+ EIB 19kDa fr3d7te] A s=o] AAE L thilel F
A FEo] AdEoerAM I 75 2AHAAN EIB 19kDad 3
A= a2 EA435Ee], EIB 19kDa 574 primer setol 2J&|A E1B
19kDa 32429 bp) A= 2 E1B 55kDa #2338 bp), EIA

™
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AZH479 bp) 28]a HSV-TK F#7700 bp) PCR AHEE0] ®%F
A E A Ad-AEIB55-TKZ #4449 AlEolMdEs EIA Fd2H479
bp), HSV-TK #%#(700 bp), 12]3 EIB 19kDa(429 bp) 7=}l
3 PCR AHEEo] AAFAA T EIB 55kDa 4 #+e] 222 EIB
55kDacll Wet 54 primer setol] ¢d|A = PCR 4HEo] AAHEHA &
SktH(Fig. 2).
o5 Z7te] AzF ofdlimutol 2~ FHA FAES THA F
Foll A AFE7] Yste], 4718 Ul T/ wlolg a9t HERToR
El AA7F 249 Ad-AE13} oFAd ot mnfolef =l Ad-WT w}o]
H o o3 Zhzt ZAdE C33A AEF2HE BE didEs 3
&kl El1A, E1B 19kDa, EIB 55kDa, 283 HSV-TK ©¥WdEe] ut
& %S immunoblottingS Al 3le] &el3 )l th(Fig. 3). E1A &
AL El AA 7997F 249" 4 dx7e Ad-AE1Z Ad-AE1-TKE
A&k 4579 ofvwmutold 25 o HHE AE RFolA TH
H 9tk E1B 19kDa¢] 74 $-oli, Ad-AE1B55-TKSF Ad-WTell <] 3)
ZAdE MEAAMe B0 e, EIB 19kDa §d#7F 245 Ad-A
E1B19/55-TK$%} E1B 19kDa +d7+e] 7RA]s=o] Aol o Q&
Ad-AEIBI9-TKZ #9¥ AZolAds As 2adsx @ 28
E1B 55kDa w92 Ad-AEIB19-TK$t Ad-WTE 7299 Al ol A
oA 2EEE AS 3FETE 5 oAt SAuERTeR A}ﬁfa
Ad-AE12 7 AEZoA Elo] #dd ojuwe ghids s X
ottt g HSV-TKE x3ste BE A3 ofdlimvio]l g ~9l
Ad-AE1-TK, Ad-AEIB19/55-TK, Ad-AE1B19-TK, Ad-AEIB55-TK
2 g8 AEE HSV-TK @ do] wdHdr} 53], 54 &
5 obtlntel 2] 29l Ad-AEI-TK® #4949 A$ols 54 715 oty
=ulol 2] 2~ (Ad-AE1B19/55-TK, Ad-AE1B19-TK, Ad-AE1B55-TK)Z
e Aol ws HSV-TKE wdo] viA dojuy= AL A2

=
T AAT oI Z2 AxF ofdlmupolel A A A H
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A

Ad-TK
‘ \p‘ ElA i E1B55 ‘ IX Ad genome E3/L|pol A m E3R
] || I «— El region specific primer set ]

479hp 429hp 338hp 700bp

10
[1¥i}
1k
04
03

Figure 2. Characterization of E1 mutant adenoviruses expressing
HSV-TK gene. (A) The El1 region specific primer sets
corresponding to E1A, E1B 19kDa, E1B 55kDa, and HSV-TK are
shown below the diagram of E1 region of adenovirus genome, and
each expected size of PCR products is 479 bp, 429 bp, 338 bp, and
700 bp respectively. (B) PCR product analysis of Ad-AE1-TK, Ad-
AE1B19/55-TK, Ad-AE1B19-TK, and Ad-AE1B55-TK adenoviruses.
Left, size marker, 1 kb DNA ladder (GIBCO). The presence of
each PCR product verified the deletion of the genes and the
insertion of HSV-TK gene.
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Figure 3. Detection of the E1A, E1B 19kDa, E1B 55kDa and
HSV-TK protein by Western blot analysis. Forty—eight hours after
infection, total protein from C33A cells infected with Ad-AE1, Ad-A
E1-TK, Ad-AE1B19/55-TK, Ad-AE1B19-TK, Ad-AE1B55-TK, or
Ad-WT at a dose of 20 MOI were analyzed with anti-E1A,
anti-E1B 19kDa, or anti—-E1B 55kDa, anti-HSV-TK antibody as

described in Materials and Methods.
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olol WE wuld WA Fae Ad Az ofvlmnoleste] B

CAE AR vl A

HSV-TK #3725 2dsts 4579 El F42 WolA] o}
sot7] flsted, oA &
ol FAEFEA FAANA AXE A A=s dESFAT. AHEE
A FAEFSEZAM = Ad AETF(AN9), A g A EF(Hepl),
ek AEF(C3BA)EIT, oS 247 01, 1, 5, 10, 20 28] 3L 50
MOI®] 97b=2 ZFAAIATH Fig. 494 & F %o, &4 izl
T2 B otdlmutol =l Ad-AE1R #dE dAEFENAME of
dinpole] o] S whg X A3 g3/ A8 #EEA ggke
™, Ad-AEL-TKelM = vhx7b 2 AZ 2 G277 #2354 kst
o 2Ed 4 7be wkolEl A9 Ad-AEIBI9/S5-TK,  Ad-A
EIBI9-TK, 123 Ad-AEIB55-TKell 3] #Zde A EFEANA =
apolef s S o] mE AE Aol FEEAT Fold mpo] s

p=1
mHpolel Ao T4 AE TS v A

97t2 B ul, Ad-AEIB19-TK: A g Algd e F79 &
AZEANA e F4 7bs otdlentolgl gl £ ddesS &
=3kt

3. 22 7}% olH ko] A9 ganciclovir B€ A&
o3 UdAME AN AF5EIF vn AF

=2 7 obdlimufol gl 29F M ekA|Ql ganciclovir(GCV)e] H
& Agd 9% SAx Fdes AEststrl 918, A549, Hepl,
C33A Alx2F9 Ad-AE1B19/55-TK, Ad-AE1B19-TK, Ad-A
EIB55-TK$} thx ofd:=nfo] 8~ Ad-AE1-TKE 7t7 A
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Figure 4. Cytopathic effects

expressing HSV-TK in vitro. Monolayers of cells were infected

with different viruses, as indicated. Replication-incompetent

adenovirus, Ad-AEl, and wild type adenovirus Ad-WT served as
negative and positive controls, respectively. When cells infected
with any kind of adenoviruses were completely lysed at an MOI of

0.1, cells remaining on the plates were fixed and stained with

crystal violet.
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1 & GCVE 05, 1, 5, 10, 50, 100, 12]31 500 pg/mle] == Az
g 4Y Fof Aopbd2 AEY AEES FASATH(Fig. 5. A
ARl GCVell o3 tAEF9] 5445 dolr 7] f15te] hAlEZFol A
HAA A i GCVEHS 05, 1, 5, 10, 50,
100, 223l 500 pg/mee] s Attt Z; nlolej = o] w
2 AXE AEES 44 AXEF vlolgis e GCVE Al sHA

o AL AE AESS 100% = Ao A vlasd o ofd)
wulol ¥ 25 A 8hA] kil GCVRF A d AEF s GCV &
of wEbA 80~100%<] MXE AEES HAFAT. T4 E5 ofvlx
Hol 2] ¢l Ad-AE1-TKS A3 EE AEFoA= vl 52
of W& AE A4S FEEA FRAAT HSV-TKS GCV whgof 9
b A3 Aol friEEo] wioly A& AFshA] @il GCVHE A g g

=3 otdlmutelH A5

5

AZFo U3 e AZ AEEE maTdon S5 GOV SR
JEH o AX el FEHUL HSV-TK #4748 ddsts =

2l 7bs ofdlmutol Y ~ES Foe QAEFES AoE, GCVY
FE7F S Sl whekA] ofdluto] o o7 AlE Abde] AA F
7vak ek 53], Ad-AE1B19/55-TKS] GCV W& Fojo w& A4t
45l Ad-AEIBS5-TKHET -3t ew, &3k Ad-AEIB19-TK=

APol G BE ATFEANA Y $5F AL HYS FEHY
thoole® ABER, F4 5 ohdwutold sl Ad—AEl—TKS’Jr
GCVE W8 AD@ 459 A 43 astueh 4 7bs obd et

o]zl ~¢l Ad-AEIB19/55-TK, Ad-AEIB55-TK, %+ Ad-AE1B19-TK
o GCVE HE§ A 499 Ax A4 a3t dA43 S7HH = 2
= A 5 A 2y Sold A= Ad-AEIB19-TK ofd =H}o]
] 2~9] A=, GCVEE g4 W& xﬁqo]—,\,\a w o] AE Ao
ofti-nfo] ¥ 2~k Ak Ao vl FAsA=d, ol GCVe ¥
& Ao wE wlolyx F49 FAE Ad-AEIBI9-TK 793
A Adsol FEAS Ao {FFHETE olE HUF AAAL

[‘li‘
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Figure 5. In vitro cytotoxicity of recombinant adenoviruses
expressing HSV-TK combined with GCV treatment. Monolayers of
cancer cells were infected with Ad-AE1-TK (),
Ad-E1B19/55-TK (&), Ad-AEIB19-TK (O), or Ad-AE1B55-TK
(A) at an MOI of 3 (C33A, A549) and 2 (Hepl). Untreated cells
were served as a negative control (4p). Infected cells were then
cultured with various concentrations of GCV for 4 days and the
viability of the cells were estimated by the MTT assay. Mean
values and standard errors of three or more experiments, each

performed in triplicate, are shown.
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A%37] 91stel, GOVEl Wg Folol we 34 b5 ofdmwulele]
J

4. GCVe & Fofo] BE 34 7% ofumutolg s
9 F4% W AF

HSV-TK®] AeFAIQl GCVE Hd F$-9 F4 715 oty
wHlol Y A5e] T ME U ST WetE ASsh7] fldEl, Ab49 Al
Lo Ad-AE1-TK, Ad-AE1B19/55-TK, Ad-AE1B19-TK, %3 Ad-
AEIB55-TKE 5 MOIZ 7}7} 7 Al7]ar 24417 3 GCV(50 pg/ml)
2 Aee H 1Y, 39, 183 59 Foll 249 ojdwmnlo]H s &
53t tHFig. 6). GCVE Agetx ¥e gz
Ad-AEIB19-TK #fe]gj 9] Ailbgo] 7 ¢
o] & 59, 240 x 10’ PFU), Ad-AE1B55-TK(H}o]le] 2 Fof &
o 240 x 105 PFU), 183 Ad-AE1B19/55-TK(u}o]2] 2
A, 479 x 10" PFU)Y] o2 nlolgx9] Aol -89tk 1
U 54 B% obdliubo] 2] 2 (Ad-AE1-TK)9] 7 $-ol& uio]z] 29
2o sl Aoy gFol ME ujgA|to] F7bskell whet wpole] &
o] FT&Fol #AATE AT F UAH GCVE HBE& T 499

> S mlus] ®W, Ad-AEIBI9-TKS wHjo]g|x
F Aol A3 7Hd A YEREAIRE GOV W& Fo & QlEte]
Hpol g 2~ Asbso] 25008 o] A xS & 5 Ak
olgl~ Fo] F 59, 955 x 10° PFU). o] &d Axp= 9 s 2
¥ (Fig. 5)olA HolFUW GCV HE Fojo wE Ad-AEIB19-TK
npolg] o] AME AT T AFE JvH e £ Uds eE A
Zhdnt skARE Ad-E1B55-TK$F Ad-E1B19/55-TK  Hfo] 2] 29}
GCVE ¥g& A3 A9odE, GCVE AgstA &L ARt v
%S yehfo] wholgxel F AAbgo]l zhzb 479 x 10° PFU}

ol

I

5}
TS v
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Total Viral Production (PFU)

GCV () 1 Days 3 Days 5 days
Ul 0 0 0
Ad-AE1-TK 4.79E+03 1.51E+03 7.59E+02
Ad- AE1B19/55-TK 2.40E+04 9.55E+03 4.79E+04
Ad-AE1B19-TK 3.02E+07 1.51E+07 2.40E+07
Ad-AE1B55-TK 1.20E+05 9.55E+04 2.40E+05

Total Viral Production (PFU)

GCV (+) 1 Days 3 Days 5 days
Ul 0 0 0
Ad-AE1-TK 3.80E+03 9.55E+01 2.40E+02
Ad- AE1B19/55-TK 1.20E+04 1.91E+03 3.02E+03
Ad-AE1B19-TK 1.91E+04 7.59E+03 9.55E+03
Ad- AE1B55-TK 9.55E+03 1.51E+03 4.79E+03
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Figure 6. Viral production assay. (A) Monolayers of Ab49 cells
were infected with adenoviruses at an MOI of 5. Twenty-four
hours after infection of the Ad-AE1-TK, Ad-E1B19/55-TK, Ad-A
E1B19-TK, or Ad-AE1B55-TK, infected cells were treated with or
without increasing doses of GCV. Each virus present in cell and
supernatant was then extracted at the indicated days
post-infection, and viral titers were determined by limiting
titeration assay. (B) Total viral production of each virus with
(hatched columns) or without (open columns) GCV (50 pg/mé) at 5
days post infection was plotted on the graph.
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302 x 10° PFUZA GCVE ¥WE¢ Agstx & Ao ula] <k 1
5~508) A% 7FAaste], 1 A AE7} Ad-AE1IB19-TKol Hv]&] =7
1) O
=]

o 2~
S g 53

5. A W ¥F4 &2 vu AT

HSV-TK #3#5 @dsts 4579 El fx4 WHolA o}y
wrlo]l Y AEd GOV WE Folo wrE A i 5% F312 4
A AFE7] Yste], Frukg-zol A" AS49 H T C33A 2
A A& (xenograft model)o] Ad-AE1-TK, Ad-AE1B19/55-TK,
Ad-AEIB19-TK, %% Ad-AE1B55-TK w©lo]l#l=(1 x 10° PFU)E 2t
Zh o]lE AR 33 TG WE T T 5 U2 GCVE 100 mg
/kg TEE 12A13F HA o2 14U F At Fde e #
et tH(Fig. 7). QA A3 C33A0AE 4 Wx+2 PBSE F
AL ol Fol & S1dAe T4 A717F oF 2600 mre]d o ® F
ool wj$- w2 A I W], HSV-TK #AAE 2dss o}y
ol gt AgolE Td 4ol ZA AA

[e]
Ad-AEIB19-TK o}t =nfo] e =~

r
=
=
D
'y
D)
@
<

N= = = AR AR J;ET—S],
9} GCVE HE Fo3 Aol vlolg)x Fof £ 51Y | &%
=2717F 1395 + 11.11 = "¢ =2 FEda s s = A

-AE
4 Fold Afdm Fdo AV7F 7+ 3939 + 1348 mn 9
+ 5000 i 2 "S- 5 FTF 240 & EJ%*E}. o] o
Hlgtel HSV-TKE wdsts T4 55 otdlxvbole{2Ql Ad-A
E1-TK¢ GCVE H-E& Fo3 A= HSV-TKE HLﬁdé}—t— =2
7V obdlmnlolg} 29k GCVE &7 Foldh 7o njs) A3 e
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Figure 7. Effects of recombinant adenoviruses expressing HSV-TK
against C33A and AbH49 tumors in male athymic nude mice.
Tumors were established by subcutaneous implantation of 1 x 107
cells and allowed to grow to an average size of 60 ~ 70 mm”.
Animals with established tumors were randomized into five
treatment groups of four animals (C33A) and seven animals (A549)
each and treatment was initiated (day 1). Each group was treated
with a single intratumoral injection with 1 x 10° PFU of Ad-A
E1-TK, Ad-E1B19/55-TK, Ad-AEIB19-TK, or Ad-AEIB55-TK on
days 1, 3, and 5 (vertical arrows), and followed by GCV
administration intraperitoneally twice a day for 14 days (days 6~
19). Tumor growth was monitored on a 2- to 3-day interval by
measuring the short length (w) and long length (L) of the tumor.
Tumor volume was estimated on the basis of the following

formula: volume = 0523 x Lw*
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4 T
23l A549 Xenograftoﬂ/ﬂ 719 Wy Fdsk W
W= HS39 T Figure 7.BolA & 5 A%, &

5 Fog ol HlElA HSV-TKE 2dst= ofdufo] ] 2~<2l
Ad-AE1-TK, Ad-AEIB19/55-TK, Ad-AE1B19-TK, X+ Ad-A
E1B55-TKE gt dolA FEg a9t #FEEHJ e, HSV-TK
& ddeke %%ﬂ E1B WolA|l 4] 7}s obdli=ulolg] 2= GCV
¢ WE Foo wE FFY st T4 ET O}Eﬂi‘ﬂ}oliﬂi@r
GCVéte] & Folo wE FFd Zdntg 453 ¢Fsitt 5
3], C33A xenograftoll Al ¢} v}zk7}2] =2 Ad*AE1B19*TK9]r GCVE H
& Fog Aol FFF AV 7P =4 "}E}‘Jrl‘: Aes d&7S +
A om, Ad-AEIBIO-TK wlel#f =5 Fof e F 7rpele] A=
< 1vke] o] A NA FFel &3] Abekxlh

_30_



4 HolH A obdwrlolel 2zt MRS HAA A B
o RH ofF @Al olF ol§W Uy APEol W A w
Stk QAL VolA] HAlste] Fule] GMER abste] A A
a3ph v @ gol A% HAAUZ & AE Aol A& FY
Sol 4 Ay obdmutole 2 Ee] A A obdwutole el F
4 B obdlmuolelzuth fA4 AREE s, kY of
Hlwentolel 2ol wls) AL Aol AR e WAl Ao A
ol ololq ofel 9 AYNA FF FolH A4 obvlmntole] 2
QA tAse 3G TAE FEGTHE Aol BAAAW,
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E1B 19kDa& 7& 3%+ A 3 A (apoptosis) A A2 A opd| imnlo] 2] &~
o] E1A T pb3el] 9&le] fLwE AEIAES gAA 7= gt
22 EIB 19kDa F#A#2] Aae nlolg]x F4o wE AE
At SAle AE 2AME A 2T 5 Ao T2 7Hs obdlwent
=] ME Ades TVHAE ¢ v & e 9 dFF 29
2 FEs7] 993 WHoe g EIB 55kDa 3 A7 A4 o}
e =g ol &ate Wo]l Stk ofdlmupoleix V] WHE {FHX
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Abstract

Enhanced cell killing effect of E1 modified adenoviruses

expressing HSV-TK suicide gene

Dong Hyeon KO

Department of Medical Science

The graduate School, Yonsei University

(Directd By Professor Chae-Ok Yun)

Suicide gene therapy has proved to be successful in
enhancing the therapeutic index by sensitizing genetically modified
tumor cells to prodrug. Recent clinical trials with Herpes Simplex
Virus Thymidine Kinase (HSV-TK) gene therapy using El-deleted
replication-incompetent virus have shown encouraging results, but
with limited efficacy. Replication-incompetent virus limits their
ability to infect additional cells subsequent to the initial infection
event. Although the bystander effect increases the degree of tumor
cell killing, further strategies are needed to enhance the therapeutic
efficacy. We have previously demonstrated that the cytolytic
potency of replication-competent adenoviruses with different
combination of E1B genes differed significantly depending on the
presence or deletion of E1B 55kDa and E1B 19kDa function (Kim

JS. et al. Cancer Gene Therapy). To combine the advantages of
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the suicide gene approach with that of replicating adenoviruses, we
have developed replicating adenoviral vectors harboring HSV-TK,
generating  Ad-AE1B19/55-TK, Ad-AEIB19-TK, and Ad-A
E1B55-TK adenoviruses. The expression of HSV-TK was
assessed by western blot and confirmed by measuring sensitivity
to ganciclovir (GCV). The cytotoxicity of the combination therapy
with  replicating  adenoviruses (Ad-AE1B55-TK or Ad-A
E1B19/55-TK) and GCV was dramatically increased compared with
replicating adenoviruses alone or replication-incompetent adenovirus
expressing HSV-TK (Ad-AE1-TK). In contrast, the cytotoxicity of
the combination therapy with Ad-AE1B19-TK and GCV was
significantly reduced when compared to the treatment with Ad-A
E1B19-TK alone. In addition, the total viral production of Ad-A
E1IB19-TK in the presence of GCV was significantly reduced.
Taken together, these results suggest that the inhibition of wviral
replication by the HSV-TK/GCV system counterbalance the
cytotoxicity of the most potent replicating adenovirus among EI1B
mutant replicating adenovriuses, Ad-AE1B19-TK. In human cervical
cancer (C33A) and lung cancer (A549) xenograft models, tumors
were injected directly with each replication-competent adenovirus
expressing HSV-TK or with Ad-AE1-TK, along with PBS as a
control. Animals treated with Ad-AE1-TK with GCV had some
reduction in tumor growth compared to animals that were injected
with PBS only. All replicating adenoviral vectors were more
efficacious than Ad-AE1-TK with GCV treatment. In summary,
these data indicate that the suicide gene approach with replicating
adenoviruses elicits more enhanced anti-tumor effect than that

with replication—-incompetent adenovirus.
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