Cancer Research and Treatment 2003;35(5):425-432

Incteased Cytopathic Effect of Replicating Adenovirus
Expressing Adenovitus Death Protein
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Purpose: Replication-competent adenoviruses (Ads)
are promising new modalities for the treatment of cancer.
Selective replication of a viral agent in tumor may lead
to improved efficacy over non-replicating Ads due to viral
multiplication, lysis of the infected cancer cell and spread
to surrounding cells. In our previous studies it was
shown that the E1B 55 kD-deleted Ad (YKL-1) exhibits
tumor specific replication and cell lysis, but with reduced
cytolytic effects compared to the wild type adenovirus
(Int J Cancer 2000;88:454-463). Thus, improving the
potency of oncolytic Ads remains an important goal for
cancer gene therapy. To increase the oncolytic ability of
YKL-1, an adenovirus death protein (ADP) gene was
reintroduced under the control of a CMV or MLP promoter
at the E3 region of the YKL-1, generating an YKL-cADP
and YKL-mADP, respectively.

Materials and Methods: The in vitro cytolytic effect of
ADP expressing Ads was evaluated by MTT assay, and
the induction of apoptosis by ADP expressing Ads was
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examined by TUNEL analysis. Finally, the antitumor effect
of ADP expressing Ads was demonstrated in C33A xeno-
graft tumor model.

Results: The YKL-cADP exerted a markedly enhanced
cytolytic effect against H460 and SK-Hep1 cancer cell
lines. The TUNEL assay indicated that the ADP-mediated
cytotoxicity was largely driven by apoptosis. Finally, the
YKL-cADP showed a superior antitumor effect than the
YKL-1 or YKL-mADP in C33A xenografts.

Conclusion: These lines of evidence demonstrate that
the YKL-cADP induces efficient cell lysis, which is critical
for the addition of therapeutic value to replicating Ads in
cancer gene therapy. (Cancer Research and Treatment
2003;35:425-432)

Key Words: Cancer gene therapy, Replication compe-
tent adenovirus, Adenovirus death protein,
Apoptosis
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a2, EIB 55 kD A2 p53& 524 3A7IE 7
9]oll = o}dl|iznlolZ] A~ mRNAS] A|EA 29| o]%F g o}y
ovpolg] 0] FA chilA o] sl o g 9] o]F ol o] U
£ Ao HaE s 9lrk@). wekA] EIB 55 kDE oful|zu}
c,]g;/\o] Aol Ao Hagl GARLZA o] o] LA
Az ot ieutold 2w QHAIE ol A ] nlol) s F
Alo] Agke] Al dold = vloll Flof o] & QI3 3FF a7}
7} 744" = vk AAIE, EIB 55 kD 27 4% B4
7}s ofdlimulolE] A2l YKL-1 9 ONYX-0159] AE AHits
o] EIB 55 kD 427} EAlst= ofAd ofdl|iznlol] 2ol l
HJsto] oF 10000 o] wrgo] Harw| girks). OlEJ*P By
%ﬂ A Hskslr] Slstod, A vl=ollA A
ok 3AE Aoz A 34 A FH e g R s
ONYX-015+ cisplatin T2 5-FCS} 7+2 alohAe} W&
A& a1 9] 2v(6), herpes simplex thymidine kinase
A& FAAE SAE FolH HA| 7h5 vlo]#] 2ol 4k
of Al Adss TTHITIE AIRE o FolA AL JrkT).

otd:zuto|#] 2 E3 FA A= vl 28] EAof H%
o]7] gkol AA7EA JHHbE thFEE9] ofdmnfo]E 2wl
ol & E3 427} £AE 9l o, 4415 E3 F-9jol &=
RAAE AFdslo] WAl Ao} f47 X 5807 AHg3)
Ath®). otelizulo]# 2 E3 H-9l= 79 FAAE A=
o] 9lem, o]F F E3 gpl9 kD= MHC class I°] ERol|4]
AZ FTwog Ay AL Aedtoza CTLo 2)3F A
Z AHEE A= 7152 39 (9,10), 14.7 kD= TNFo|
ol b= A% Hhe= Aoz TNFol| o3t Alx
=S Aslgtch(11). E3 RID (receptor internalization and
degradation) 5-3+4l+= RIDa (10.4 kD)2} RIDB (14.5 kD)&
TFA = o] glowm, AlZutel] fX|3lo] TNFol| 2|3k AlZ A
™S A 3l|3l3L EGF receptor®] Wd-& A3} 7|= Zo
424 9Jvh(12,13). L28]2 E3 ADP (adenovirus death pro-
tein, 11.6 kD)= #=toll EAsl= chiAZ A 7Hdd A E

25E oldlmuloleirt WEEE e FRse 7w
3hrh(14~16). 5, E3 ADPE Al2|3F B9 E3 4A=
(gp19K, 14.7 kD, RIDg, RIDP)S o}ul=nlole]Xoll digk
S Alxe] WY vhes AsiATle d8s 3eh17~19).
upehA] B odFol| A= QHAIE BolF BA| 75 obdlizulo]
#2901 YKL-19 AE AL Z71A]7]|= vlelo g A|E
Wl A BA= oldnlo|#] 29 HIES ZX13}= E3 ADP
FAAE YKL-10] 2AFQAIA whole] 2ol ZHedd A9
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1) CHAH MZZF 3 MZ B

Aol AEE AEFEL oA 7Het A EF(SK-Hepl),
¥ QF AlEF(U343), #HSF A Z55(A549, H460), AH7 7%
A ZF(C33A) 28| 3L ofd|iento]lH 2 7] W FH AR
El 917} 552 54A Heoll WAl=]o] 9l 293 A|EFr0]m,
2 American Type Culture Collection (ATCC)ollA] +43}93
ot BRE AEFEL 10%2] $-Elo}d A (GIBCO BRL, Grand
island, NY)°o] 3% DMEM #JA|(GIBCO BRL)ol| 3}A3A]
penicillin/streptomycin (GIBCO BRL)S *7}slo] 5% CO,2
ZAstell 37°C &2 wek7lollA] wiekslict.

2) ADP REXI} s =
AE9| M

=H 7ts Ot =Hiol

E3 $:916ll ADP 047} 419181 8] b5 obulentole)
25 ARl Slal WA, ofvllimute]H 2~ E3 AEHEE A
ZFslodct. old|znlo]# 29| 26,591 ~28,588 bpot A5 H-4
= 7= B3 AEHE Y] %% F9e oh39 primers 2
PCRS 3t ZZ319Ir}. Sense primere 5’-GCCCTCGA
GCCATCCTGTAA ACGCCACCG-3’' 224, E"EHB] 9]
£ 9o Xhol AREE PAE AVHADAEN ),
antisense primer= 5’-GCCCAGCTGACCTGAATTA GAATA
GAACG—3’£E“1 , Pvull A4 F-91 & AMdsiaich(HE
BB, ofdl|=nlo]#] A2 30,504 ~31,057 bpst A5 £4
7}21‘” E3 4B 285 F-9]= tha9] primers 2
PCRE g-38sto] ZE3}9t}. Sense primer= 5°-GCCGAATT
CC TGCTAGAAAGACGCAGGGC-3’ 224, F 249 ﬁﬂg,]
£ Sl%l EcoRI AlZtE A F91E AAde 4 +
antisense primer 5’-GCCGATATCGTCTT GCGCGCTTCAT
CTGC-3’2.24], EcoRV Algta 4 K& Atk L&A
5. obdllmute]H 29 AlEe FH L8 PCRE T3t H
AR 1997 bp =719 MEHE 2 1% 5919} 553 bp 7]
9] @ E& B9 AFS XholZ} Pvull 18|31 EcoRIZ} EcoRV
Agaig 27k A2l 5, 22 Algta4L2 A= pSP72
(Promega, Nedison, WI) 21 ®lE]ol] X}l 2 4Fd3le] ofdl
wrfo]2] 2 B3 ASEQ pSPI2AE3E AlAsislh. ol
wholel 2ol B3 910l 44 ADP A4 obdl ol
29 AEs FHoZ b9 primerZ PCRE Fefsto]
=339t} Sense primer= 5’-GCCAAGCTTATGACCAACAC-
AACCAACGC-3’ 2. 24, Hindlll Al3t&E 4 F-9E primer T
thol] AFdel (R E# H-5), antisense primer= 5°-CGCCT
CGAGTCATACTGTAAGAGAAAAGAA-3’ 2. 2 4], Xhol |t
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AE1B55 AE3 (28592-30470)
— ¢ H E1A H E1B19 H IX H Ad left genome Ad right genome L YKL-1
1 v Y E1A I E1B19 | IX H Ad left genome l{ cADP || Ad right genome L YKL-cADP
— v H E1A H E1B19 H IX H Ad left genome H mADP Ad right genome — YKL-mADP

Fig. 1. Schematic illustration of replication competent adenoviral vectors used in this study. Numbers refer to nucleotide positions of the
adenoviral genome. YKL-1 contains the normal E1A and E1B 19 kD, but is E1B 55 kD deleted; YKL-cADP and YKL-mADP
comprise of the ADP gene driven by the constitutive control of the CMV promoter and endogenous MLP promoter inserted into

the E3 region, respectively.

1-

a4 F9E primer kel AFAE AR EH FE). PCR=
398k 5 4% 281 bpe] ADP -H- A4S HindllI2k Xhol
At e AZ He]gt ohg Y3 AlFEAE X2 H peDNA3.Y/
hygro, lacZ (Invitrogen, Carlabad, CA)oll 4F41&}o] pcDNA-
ADPE AZsl3ict. ADPE CMV Z 2 BE|of ofslo] 2 4]
A 4 9+ CMV promoter-ADP-polA expression cassetteS-
MfelZ} Nael A|gtE A4S o] 83}o] pcDNA-ADPEHE] #z}
W 5] o] & E3 AEE|Q) pSP72AE30) 4F4isle] ofdlant
ol 2 E3 A EWE|Q] pSP72AE3-cADPE A|2Hstgir}. wat
ADP +A#F9] wheo] ofdliulolg] A9 WAl Tz HE|Ql
MLP (major late promoter)ol] &J3l] ZA == o}d|znlola] X
= AlFsl7] 9l ADP PCR AHE-S HindIlI®} Xhol 2 A2

= ©|& pSP72AE3ell 4isle] pSP72AE3-mADP E3 A=
WE] S AlZkstgdel. A pSP72AE3-cADPS} pSP72AE3-
mADPE ZH7F Xmnl AlRHE4E A 2lste] ©hdrbeto g nt

< th& Spel ARRFEAE Helslo] Thdrieto] ¥ EIB 55
kD A7} 42425 ofvl|euto]ld 2~ Fet=r| =91 pYKL-1
3 A oA BIS1830llA] SA] A ARAA 547
AMzde FEsSh A5 AMzdd E2t=v|=E DNAE
Pacl AlgtE4Z He|gt F 293 A EFo] FA Fz)slo]
YKL-cADP8} YKL-mADP HA|E Eo|A B4 715 old:
vlo|E 255 A4kl ickFig. 1.

}

3) Immunoblotting =4

olA] #Hok AMEFQ A5495 6-well plateol] HF3
YKL-cADP ¥+ YKL-mADPE MOI 1022 7}7} 7E,°§Al 7
t} vlole) 2 Zhed ¥ 12, 24, 48, 72 12| 3L 9641 7F Foll ZH
A% AEE 3]53}o] lysis buffer (50 mM HEPES, 0.15 M
NaCl, 0.5% NP-40, protease inhibitor: PMSF, TLCK, TPCK)=
23 A]17]132 SDS-PAGE (Sodium dodecyl sulfate
polyacrylamide gel electrophoresis) 7|95 A|is} o).
A719F F geldl = WA ES PVDF membraneo|

electro transferst 5| o}d|=nlo]g] 2 ADP WA S Eo]F

ANEES

©o. 2 9Asl= A (W] St. Louis University School of
Medicine®] Dr. Wold), T B-actin (Sigma, St. Louis, MO)&
Y2} g2 hybridizationX] 7] 3 HRP (horse radish perox-
idase)7} ZA3t=l o2} &FA|(sc-2004; Santa Cruz Biotech., Santa
Cruz, CA)E ©}A] hybridizationA]|Z] ¥ ECL (sc-2048; Santa

Cruz Biotech)& ©o]-&so] ghuid o] vk kg5 g slgict.
4) MTT assay

Q1A A AEFQ] H4602F Q1A 7HF AIEFQ] SK- Hepl
& 24-well plateol] Z+2- 70~90% confluency 2 #-5-3F & t}
St d-CMV-Z, YKL-1, YKL-cADP, YKL-mADP, Ad-XC =
= Ad-XJ o}dizule]H A5 MOI 1022 7+ ZHd A Zit).
AR A7k ZFALE MTT (3-(4,5-dimethylthiazol-2y1)-2,5-di-
phenyltetrazolium bromide, 2 mg/ml) £} 200ul%-g plate
wellell Z7}sto] 4417k 5k 37°C &2 7]oll A wbg-AI &
1 ml¢] DMSO (dimethyl sulphoxide)& “d7}s}aL 37°Coll 4] 10
B2 WA F 540 nmoll A FHES SAste] AL 4

SRR =430}

NZzg o
JEES

Nl

5) TUNEL assay

Q1A ¥ ¢t AZFQl U343 2x10°7HE chamber slideol]
pxelm 27ke] wholel g MOI 52 231715, 24417
Zof] wjAE A AL 5| ApoTag Kit (Intergen, Purchase, NY)
= o] &3l Az | A7F AARE W ell vl TUNEL assay&
Alsisloict. WA o 55 Q18l7] 918l peroxidase2} 73t
= aviding AH-£3}o] diaminobenzidine (DAKO, Carpinteria,
CA)9F HFGAIZl 3 Al Z5o] Ao wlgh= Zo] 5t

2 golsy ZF5E 33 Aol 0.5% methyl greeno 2
10827 AAselct thA] SRR 33] Mol * cover
glassZ AAHA|A $n|7 OE HAslo] Sul7 AollA] )
3 ol e FAE FASE Alo] AA Axs F 2%
AL Blgg A
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XJ o}d|culolH 22 77k A7 & AdA A7) 7bA o
ZAE ALEES ZAY T Ue A4S Al
Fig. 30l|4] K& e} 3ro] ofd = HPO]FA i
A3} el whg} CMV ZZRE ol 9|3l ADPY] ut
%]+ YKL-cADP o}l izrfol#] A= ADPE Wyl
=T ofdizntol 2221 YKL-1¢]] v3l 453
E 55 A v MLP promoterol] €J3l14 ADPE W83}
+ YKL-mADPE YKL-13 74,] Wx} ’—‘,‘EE AZE
Adsloich. w3k, ADPE
Ql Ad-XJ= ADPE %ﬁﬁ}xl ?kt vﬂzﬂi ofd|izno 2] X
Q1 Ad-XColl Bl A whEA] AZES Akt o] e
ABES F8l ADP FAAE AAUT o2 A E SolF
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215 - R
- / — _/
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Fig. 2. The expression pattern of ADP controlled by MLP or CMV promoter. A549 cells on 6-well plates were infected with YKL-mADP
or YKL-cADP adenovirus at an MOI of 10. After 12, 24, 48, 72, 96 hr after infection, cell lysates were subject to immunoblot

analysis with an antibody recognizing ADP or actin.
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—=— d-CMV-Z  —— YKL-cADP
—o— YKL-1 —o— Ad-XC
Ha60 —e— YKL-mADP —a— Ad-XJ SK-Hep!
120 120
100 100
<
> 801 80
§
S 601 60
Qo
=
8 401 401
Q
o
20 20
0 T T T T 0 T T T T 1
0 2 4 6 8 0 2 4 6 8

Days after infection

Fig. 3. MTT assay. Monolayer of H460 and SK-Hepl cells was infected with dI-CMV-Z, YKL-1, YKL-cADP, YKL-mADP, Ad-XC or
Ad-XJ at an MOI of 10. MTT assay was performed to tally viable cells, and results are the mean of triplicate experiments.

Uninfected CPT YKL-1

Uninfected CPT

YKL-1

YKL-cADP Ad-XC Ad-X]J

Apoptotic cell (%) 1.64+0.67 78.12+26.92

13.4517.46

45.21£7.46 12.79£4.5 36.03+7.98

Fig. 4. TUNEL assay. (A) At 24 hr after treatment without or with 1UM of CPT, or infection with YKL-1, YKL-cADP, Ad-XC, or
Ad-XJ at an MOI of 5, apoptotic cells were detected by labeling with DAB (3,3’-diaminobenzidine) using terminal deoxynucleotidyl
transferase (counterstained with methyl green). Brown staining indicates positive staining for DNA strand breakage. Arrow heads
indicate positive staining. Representative fields of three independent experiments are shown. Original magnification: x100 and x400.
(B) The mean percentage of apoptotic cells induced by each treatment. The number of brown stained cells per 100 cells was counted.
Each of the indicated values reflects the mean of three independent experiments, and is expressed as the percentage of apoptotic

cells.
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5000 —s=— PBS
| —o— YKL
4500 —a— YKL-cADP
4000 1 —o— YKL-mADP
o 3500
£
S 3000 -
S
§ 2000 -
1500 -
1000 -
500 - -
0- :‘-u....-_=*.====.==-'—_-'=—_E=::'e'gg-_'te'!f 2
offt 10 20 30 40 50 60

Virus injection
Days after injection

Fig. 5. Suppression of tumor growth by oncolytic adenovirus
expressing ADP in vivo. Subcutaneous tumors derived
from human cervical cancer C33A cells were treated with
various adenoviruses as shown. Tumor volume was mon-
itored over time (days) after treatment with adenovirus.
The arrow indicated when treatment was given (5x10°
PFU/mouse/treatment).

= W slhs Ad-XT2] 2 $-(2F 36%)%
ADPE %ﬁﬁlﬂ 2k Ad-XC (OF 12%)0ll vlsl d-53] AlE
A HIETE =9kt 5, ADPE HHalslA] gb= ofd| ol
2] &9l YKL-13} Ad-XColl B3l ADPE WHd s+ oldl:=n}
o219l YKL-cADPS} Ad-XJoll 9J3l] sl 7% AlEx

=
A e wER AWEE HAY & sl

SH 7ts Ot HIO|H A2 MA

ADPE W3l o}y inlolg] A9 YKL-cADP®} YKL-
mADP 9k Eo]d EA| 715 oldlimulo]z| A2 A W

o
gEF aE v 745*P7l A3l C33A AA| AF¢ Al
T22 R Y7 AEY & PA¥ Tl 5x10° pug]

YKL-1, YKL-cADP ¥+ YKL-mADP o}dl|:zrlo|E] A5 &
4 =72 PBSS} 37| o] & ZHA o & 3W Feok ] Foi3t
¥ F4Y AAS s 24 dzTel PBSE 74
W2 A 0] A5, wlolE s Fof 3 32| FoFe] 2|7}
2,591+1,120 mm’2 Foko] FA3| AAsigl o, A4 7}
% oldlxrle]# 48l YKL-1, YKL-cADP Lg]3. YKL-
mADPE Foirb2 AF 9| 79 Foke] AAe] 2A A
=5 218 4 919 thFig. 5). =, YKL-1 obdlzulo]& 2
E Foink AF 9 7, vhole s Fol F 329U 0f T4
=717} 1324105 mm’©|3, YKL-cADPS] 7% 33+53
mm’ 18] X YKL-mADP9] 7 $-+ 105+133 mm’ A =& 5

3k gk ;cZaJrE Heh(p<0.05). B3, vho]g] s Fof
3 60%0ll= PBSE FoI3t entEl o] F 5o BF FHo] ¢

ol Foko AR F4T F 919, YKL-1, YKL-cADP
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+1,267 mm’, 61+89 mm’, 199184 mm’E ADPE &ls}
= £ 5o W BA 75 obdlimnto]# 259l YKL-cADP
9} YKL-mADP7} thZ7-¢] YKL-1¢]] H]s}o] 45 ok

335 Jebigith 53], oMV ZZ2EE o olsf] ADP7} 1t
5] = YKL-cADPY] 3% a7} YKL-10]v} MLP &
SE]o] osll ADP7} Wl E]= YKL-mADPol| vl 319
oV @43LA) AF F% £4; 33 vs 269 vs 148 mm’) YKL-1
ol thE At 43~47U A SAGH o2 ot §2 9] Zo]
£ 293 (p<0.05), YKL-mADPol| A &= EA|gHA 9] 2ol
19it}. S YKL-cADPE 50938 739 vlo]d| A Fo] &

1597l enlel o] AFE F 2ulelolA] el 4087l 1
ukeloll A FoFo] k] AetRle WS YL 2o]
AU Zoko] AR #E=E A ookt
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o] glo], AAR Jdell AEstr] Al LEEe
obtl|iznfol e 25 Aol HEEH o7 Fofstofof sfal, 7]
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Z o] gxlojgtr}. obul|muto]| =] E3 A4 A F 5
el ADPE ofdllizutolE| 9] A Zhe] & Hutat 57
7<ﬂ°ﬂ X 3= kA (glycoprotein) 2 Blo]2] 9] Al
ZdE AEE el A7, 4 E vlo|H AE AE v
o8 wEeted folste 7401 d#A Yek(14~16).
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2=of] vl3l} Zhedd AE2FE AAs] wEEo] QI Alx
E $kElo] Urte dl Azte]l ¥ 2l Aeln o]& s
plaque?] 7| % ZHA A== Ao| HaEglch20). =
3+ ADP T o3-S AU olg|nlo|H A Z 7+dE AE
£ oY olul|iculolH A7 ZHdEl AXo) vl ] &
AEsHE A2 Baxo], ADP| o3| AE AH5o]
7HE 9SS ANk Yrk14,15).

84 7bs oblieutolel 28 ol &4k w35
}E FE] AelAE whe SEZ Yol FF A
ol wlsto] K} w2 ol 2o FA|3} A4 AT &
A ol wTAQ A ATHE FUAAC g ol

o,

ot
ofN
e fot

O

2 7] F7)0l AE A3t Z49 obliemtole) 29 W
3& A7) YA, ololl Folsh ADPE Huld ¥
e u Slofok ek, mheba] Aol

= A 5
ADPS] WHHS zAs= TR RE]ZA] ofF 73t T2 RE]

E A CMVe} ofdl|imuto]| & WA Z2RE|Q MLP
= AE vz @AZs5ck cmv ZZ 2E 4 9@ ADP2
o] fEEE 7Sl nlolglx 7he] & *7101] o)
Wy = vl MLP ZERE 9 A9 oﬂ 7l x 270
+ walo] mlekatAl FE el & AlTte] 11%01] ute}
urg o] Z71= 9l ch(Fig. 2). ADPE ojs}% ol =nto]#
29| A|E s S7HE Gotbi7] f13l AleYdE MTT assay

A E, CMV ZZZE0| 23] ADPE W¥3sl+= YKL-
cADP old|:ufo]# A7} =T ohdlulo]d] A<l YKL-1
o]] u]ig}] P(JEJ—] ;2 o]—xﬂJ- ALALO io ‘l.‘i, YKL-mADP
9] 5% YKL-13+ A9 A3 AL AE A4S
Eldlo] vlo]E] A WAl ZZFE Q] MLPE.t} CMV Z2 %
El7} ADPE &7 & vl €53 $738s & 7 Uk

oltlinfolE A 7l & dojubs A EDAE F9| vt
ol 7|&o 7 Zheddl Alxo AkE friEste] A3 vzt
AAEE HIshe 7IH o2 gulA ok ofdlenfol#
L ool g o F %3 A E] A4 (apoptosis)S A 3l
st 7145 7HA =l 2] 27]ol E1A R 7kl o8l
E5]& AIE3AE EIB 19 kD9 E1B 55 kD 4271 47
o 71 ez Afdiek2l ~24). B ] F7)0l= F
Al wlo]H 27t ZHdE AEE HFA U ok E o] % AlE
7L<>ﬂx] F| 22} A FEAE 22814 =) ol 283}

P A4S 7] AIEERE nlole] 2o WEE
Db- Hawjo] G Ak, o}# ADP 427} ofwl gt 7]
2 AZAE TR vpol#] 29 WEE FXAI| =
FafA = wel Al vt gl ofell ol ol A= ADP7}
EAL dEA 714 F sl AlZIAE vE‘E* A]
%0}171 A AZLAE AFS T A
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TUNEL ¥4l ADPE Wtdlsls F 79 54| 715 o}
t)ubo] #2591 YKL-cADP9} Ad-XJoll 93l 7redsl A|E
So] ADPE HIelx] &L tlzF ofd|kulo|z] AE50l
YKL-17H Ad-XCO| Ao Bt A4 o uvz YEaLS
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Bl vd] ¥4 = 82 ADP/} HEHdE S &
T AATHFig. 4).
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