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=Abstract=

Enhanced Oncolytic Effect and Anti-Tumor Effect of Replication Competent
Adenovirus with Double Mutation in E1A & EI1B Regions

Jaesung Kim, Kyung-Ju Choi, Pyung-Hwan Kim, Joo-Hang Kim, Joo-Hyuk Sohn and Chae-Ok Yun"

Brain Korea 21 Project for Medical Sciences, Institute for Cancer Research, Yonsei Cancer Center,
Yonsei University College of Medicine, Seoul, 120-752, Korea

Gene-modified replication-competent adenoviruses (Ads) are emerging as a promising new modality for the treatment
of cancer. We have previously shown that E1B 19kDa and E1B 55kDa gene deleted Ad (Ad-AEIB19/55) exhibits
improved tumor-specific replication and cell lysis, leading to potent anti-tumor effect. As an additional effort to increase
cancer cell-selectivity of replicating adenovirus, we have first generated eleven E1A-mutant Ads (Ad-mt#1 ~#11) with
deletion or substitution in retinoblastoma (Rb) binding sites of E1A. Of these viruses, Ad-mt#7 demonstrated
significantly improved cytopathic effect (CPE) and viral replication in a cancer cell-specific manner. To further increase
the cancer cell-specific killing effect of Ad-mt#7, both E1B 19kDa and EIB 55kDa genes were deleted, resulting in an
Ad-AE1Bmt7. As assessed using CPE assay, MTT assay, and immunoblot analysis for Ad fiber expression, Ad-A
E1Bmt7 exerted markedly enhanced cancer cell-specific killing effect as well as viral replication in comparison to either
Ad-mt#] or Ad-AE1B19/55. Furthermore, the growth of established human cervical carcinoma in nude mice was
significantly suppressed by intratumoral injection of Ad-AE1Bmt7. In summary, we have developed an oncolytic
adenovirus with significantly improved therapeutic profiles for cancer treatment.
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EIB 55kDa2 &oF A ezl ps3af Agsle] vlojix
RoR FEHE AETV] FA4E B MEIAL 4157
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(apoptosis) FAAZ AHA Bel-29F G718 2 7150 &
Abe, otelimutolz| 2ol o3 HdE AlEjolA dojuh=
AEIAFE A (2). WebA EIB 19kDa #4A7F 44
d 54 7Fs obvmutelg st vpoleig] HAjo] mE A
FAPHERE ol gt METALE A F58 5 lo] Al 4
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(Ad-AE1B55)°l| nlte] Al el A ababso] ¢$
F5ol Haxnh (12).

ojtficrtolE 2 EIAE 29 AT 7MY WA gdse o
WARH wfo|2]2 FA 6 BFRol, NEFIE FHsE
retinoblastoma $H#4 (pRb)¥} A§Hele] E2F-pRb B4 =3
B E2F9) #2]8 58t} (523). pRbZHE 28 E2Fe
obdi=nto] 22~ 9] E2 promoter?] BAJ3E 2314 W o]
o NEF719] J8-E FB3= cydin E, cyclin A, cde2, cdk2,
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1. e MEF & MEZH Y

Ao AMEH AEFES A FIMET (SK-Hepl,
Hep3B), HAMEF (U343), HDHZEF (A549), AFLdAE
F (C334), Aot AlES (Chang, BJ, 173WE, MRC5)°]H,
EF American Type Culture Collection (ATCC, Manassas, VA)
ol Fgsigich. 21 ofeientele] s 2] W AR
El 8971 5 f84 Joll WA= 2l HEK293 Al
(ATCOE ofdientolz] 2 *M AlEF= ARESISITE Hep3B
2 A3 ZE AXFEL 10%2] $Eio} B3 (Gibeo-BRL,
Grand Island, NY)o] ¥3¥ DMEM Hjloz A
penicillin/streptomycin (Gibco-BRL)S 7151 5% €08 &
A el 37°C 2 vt B SBATE Hep3B MEFE
@& 73l MEM (Gibco-BRL) Hjteio = wjobaloit,

offf| Ho[ASo| M, HM & HT} s

1

obuimulo] a2l E1A A ¥7]ME 5 pRb B8 7}
o] Aitol] FAst= T A9 (88~180 bp in CRI, 361~381
bp in CR)E FEH o7 AL B XFAY]7] 91, 1A



Tumor—Specific Replicating Adenovirus

Table 1. Nucleotide sequences of E1A mutation-inducible primer

set

Primer name Primer sequences

]7sense 5-CCACCTACCCTTCACGGACTGTATG

CR1 ATTTAGAC-3'
(E2G) |antisense|5'-GTCTAAATCATACAGTCCGTGAAGG
GTAGGTGG-3'
sense |5-CTTGTACCGGAGGTGATCGGCTTTC
CR2 CACCCAGTGACG-3'
(ATaa) |antisense|5-TCACTGGGTGGAAAGCCGATCACCT
CCGGTACAAG-3'
sense |5'-ATCGAAGAGGTACTGGCTGCGGTTT
CR1 CGCAGATTTTTC-%
(A302.8) |antisense | 5-AAATCTGCGAAACCGCAGCCAGTAC
CTCTTCGAT-3'
sense  |5-GTACCGGAGGTGATCGGTGGTGGCG
CR2 GAGGCGGGGGTGGCTTTCCACCCAG-3'
(7Gly) | antisense |5-CTGGGTGGAAAGCCACCCCCGCCTC
CGCCACCACCGATCACCTCCGGTAC-3'
sense |5'-GTGATCGATCTTACCGGCCACGAGG
CR2 CTGGC-3'
(C:0G) |antisense|5-GCCAGCCTCGTGGCCGGTAAGATCG
ATCAC-3'

of Y oldi=ntolelx El MEWEIS] pXC12 BamHIF Xbal
AgrasFE Bl 59 (9875~1339 bp)S Aehsla, Aekd ElA
DNAE pSP72 E2'3 ¥E{ 9] BamHU/Xbal %91 subcloning3}
o pSP72YXC-BXE AAFSISith A< pSPIYXC-BXE T3 o
2 3l Site-directed mutagenesisZ A #3te] pRb AFHH =
A& = 22 11579 ElA Ho] Zet=v| =2 x2as]
. &, Admi#l = E1A D] CR1 4587 o} Ate) Glu
£ Glyo.2 AFAZon Ad-mi# 9 Ad-mi#e-S CR2 121-127
HA) 5919} 7709) opm| kS 242 AN AY GlyR X
SAZAT 3 Admt#3S CRI H-9] (30~60 HA| o}r) =ihE
AANZEH, Adm#OT CR2 F-919] 124 WA opr) =2k
CysE Glyo= 333t} YA ElA HolA| 5L =
SAHAES 26t AABISITE B4 Wo o] AR
¥ primer setE< Table 19 A|Alal91ow, pRb 23 H-
Aé B XEE F 11E79 pSPTYXC-BX-mt HEHE 1)
T 7IAE BAE Aldstel Zzhel B9l Wold B9
F7IMEES ERIsiglth 5 Wold o :mulelz El
FHE obemnlelzi: El MEHE ] A=3E7) HAsta,
pSP72/XC-BX &1 WolAES 242} BamHIXbal &2 X238}
o% El 7918 Zehil1, o1& oA pXCl12) BamHI/ Xbal sited]
J3ke] 11557-29] ot mnto]#] 2 El MEWES (pXCmt#t
~#11y& Z7F AZEIeh A4 pXC ¢ MoAES 22t
Xl 02 XF3le] M¥3lsla, o2 ByBI AdHats gt
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olelmnlo)] 2 B ZEk2n)=ol vindi324Bst (Dr. SB. Verca,
University of Fribourg, Switzerland; 22)9} &7 45 A %3 o] 7}
58 BIS183 tiEtol A 2 AEAIA prb AR F97F
A T X3 ofdiutolg| 2 TRV EE (pAd-m#l ~
#ADES AZsHA o5 11579 ofvllimvlo]# A E8fzn)
EES Pacd ATEAE 7%‘-%}0% A& 34417131, HEK293 A
Fol 3 Jﬂa}@ ZF 11579 obdlivlole 28 A%
At} (Fig. 1). T8, pRb A% H-$19} p53 AT 471 A4
229 ojdmujolgl g A|&tetr] A=, E1A Wold of
b=rlo)2ls MEWEIE 5 pAdm#T S Scal/Xbal A|ES
2 Agsle 22 kb A7)0 Bl ¥-91& ZehlaL o|E EIB
27} 3] AEH pAEIB WE 9] Scal/Xbal THOﬂ =9lst
o] pAEIBmt7 MEHEI 2 425110 pAEIBmt7 A EHE =
A71E wo®  ymdi324Bste} A AEAEEE H,
HEK293 MEFo] A AEAA AG-AEIBm7 oft)xmrtole]
25 PAElT) (Fig 4A). IR 02 AHE-E vlo]g 282
El 597} 23] A&EH o vhoj2i o] HA7t 2753 Ad-
AE1 o}d|=mlo]2]~9} EIB 55kDa 31317} A&d Ad-A
E1B55 (YKL-1), EIB 19kDa%} EIB 55kDa #-AA 8] 5% 4
&5 Ad-AEIB19/55, 1831 E1 97} ok &<l Ad-wto]H
(12, 14), Ztz+2] ofd|mnfo]E] 22= HEK293 M|XETol|A] 2]
A A limiting titration assay T plaque assay= E7} (plaque
forming unit; PFU)E AH=231Sch
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A TEA TS AT i A obdlsmlele s
B9 sEg vaely] 9jste] AAAEF (Hep3B), HY

AEF (U343), A SAET (C334), HILHET (AS49) F
o] Q1A M EFE B], 173WE, MRC59} & 34 Al
FFES M-well platedl] ZHz} B30 24 A & Zzte
old|imnto] B 2E oj 2] MOI (multiplicity of infection)= 7+
AT 7HE B MO vhel2f a2 AR Al EE0

ol AfEE Al HiR]E AASIL plate HiEtol Holgl= 4

FE5E 0.5% crystal violet (50% methanol) 2.2 11} @2

S F optlcdtelds) AT AdEE vE, R,

oA,

4, MTT assay

ojtmnjol)29] HA] W 2o whE ME AdsS e
7] $1l MIT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium
bromide, 2 mg/ml) assayS 3HEIA ) FLAET 9} G4k A
IFEE 24-well platecl] 22} 30 ~ 80% confluence 2 53}
a1 24 N 7F 3 Ad-AEL, Ad-mt#7, Ad-AE1B19/55, Ad-AE1Bmt7,
Ad-AE1B55, = Ad-wt o}t :=nlo]8{~E Hep3Bi 2 MO,
C33A% 5 MOL, A5499} U343 10 MOL, 18] 74 A=+
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ol BJ, 173WE, MRC5E 50, 20, 20 MOLZ 212+ 7+ A7)
ulolyx 74 & 9 A7k HH 22 250 ple) MIT £94&
plate wellll F7Fate] 4 A|ZE 5k 37°CoA| A WHEAIT & A2
A AAsIGA . Aol AAH plate welloll 1 ml2] DMSO
(dimethyl sulphoxide)E 7}oh 37T oAlA 10837 2H-gA170
%, DMSOZ €23 4%94e 540 nmollX FHE=E SH3
AEe] FhA BEES Tkt

m\m r

5. Immunoblotting &4

g8 FFe TUAETET A HETE Ad-AE],
Ad-mt#7, Ad-AE1B19/55, Ad-AE1Bmt7, Ad-AE1B55, S Ad-wt
ol izrtolH ~E ZHZ) 10 Ei= 100 MOLZ A7) 3L 24 A
Zh =L 48417 F AEd AEE 35850k Lysis buffer
(50 mM HEPES containing 0.15 M NaCl, 0.5% Nonidet P-40 and
protease inhibitor: 0.1 mM PMSF)® M|EES £3)|A]7] 1L SDS-
PAGE (sodium-dodecy! sulfate polyacrylamide gel electrophoresis)
S ANPsiGth A719E F geloll gl @¥AES PVDF
(polyvinylidene fluoride) membrane®l] Z7]0]& Al7] & o}df|i
ulo]# 2 E1A @A (sc-430; Stratagene, La Jolla, CA), p53
(pAb 1801; NeoMarkers, Fremont, CA), [-actin (Sigma, St.
Louis, MO), 3-& oldlznlo]2}2 molv(fiber) T 4S
o] o2 Q1A3}= ) (2A6; Neomarkers, Fremont, CA)E &
2} A= AFA|ATE HRP (horseradish peroxidase)”} 2 3%
goat anti-rabbit IgG (sc-2004; Santa Cruz Biotech, Santa Cruz,
CA), B+ goat anti-mouse IgG (sc-2005; Santa Cruz Biotech)S
ola}gkA| 2 EAJ3}A17) H, ECL (enhanced chemi-luminscence)
(sc-2048; Santa Cruz Biotech) .02 XA HEof 7H3A|A
membrane 2] THHAT gHjete} AJARE zAFSlI 2t

BRe BHPYLS FS,

g Jlm

6. dHU 2EY 2t HS

A% 7-8F AL A T AR 1 x 10709 QA A5

2

5
70~80 mm’ X 5 X 10’ PFU] Ad-AE1B19/55,
Ad-AEIBmt7, Ad-mt#7 o}l ichfe]d 2 e 4 o
A PBSE 22} 0|8 7HA o2 Al ¥l F% dlo X‘@ FALE
F Zoke] 7122, 39 7F 0 A5 A2
caliper= F%9] ©57 F5S &4 6}04 ﬂr%ﬂr %% I
2 AEISith

T 84 ()= (FF mm)” X FFH mm X 0.523

2 1

1. E1A #HO0[E O cHIOHASS| SUME & FHM=

H\,/| E1A |E_1P19| E1B55 | Ad genome E
3 40 B0 120 139 ;;;;;; 1 85 o 29 (a0)
[ Tor] |CR2[ CR3 | | Ad-wt
| Ad-mtt
| Ad-mi#2
| Ad-mt#3
| Admia
| Ad-mt#5
| Ad-mtas
| Ad-mwr
| Ad-mt#g
| Ad-mt#o
| Ad-mt#10
| Ad-mti11
| Ad-wt
W cu:oy (CR1)
(CR2)
VZ, Deletion of 31 a.a (CR1)
B 7 a.a (DLTCHEA) :: 7 a.a (GGGGGGE) (CR2)
Cys = Gly (CR2)

Figure 1. Representative structures of E1A-mutated recombinant
adenoviruses. A schematic outline of deletions or substitutions
introduced into the adenovirus genome is shown. ITR, inverted
terminal repeat. ¥, packaging signal. AE3, deletion of E3 reglon
(28592 30470 bp). Black box, substitution of Glu with Gly at 45"
ammo ac1d in CRI. Gray box, deletion of 7 amino acids at
121 127 in CR2. Hatched box, deletion of 31 amino acids at
30"-60" in CRI. Checked box, substitution of 7 amino acids
(DLTCHEA) with 7 Gly (GGGGGGG) in CR2. Spotted box,
substitution of Cys with Gly at 124™ amino acid in CR2. Ad-wt
has an intact E1A region.
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Figure 2. Cytopathic effects of ElA-mutant adenoviruses.
Monolayers of cells were infected with E1A-mutant adenoviruses
at an MOI of 0.1 to 10 in cancer cell lines (A) or 1 to 100 in
normal cell lines (B) and cell killing was allowed to proceed for
8-12 days, followed by crystal violet staining to detect live cells.
Replication-incompetent adenovirus, Ad-AEl, and wild-type
adenovirus, Ad-wt, served as a negative and a positive control,
respectively.
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Wl oluutoleliEe opUR} WsaN} o)
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#9, #10 Ho|¥ oldinnlojf A5 e] A Mol BEAls
AE 2dss 2ARBE] flste, o) oldmufelens
< 717} BI, 173WE, MRC5%} 22 A7 MEFSol 71
I AE PSS BT (Fig 2B). BY A4 A|3ES0) A
£ Ad-m#0S AT ZE EIA Wold o} mnlo|g| A5
Al AdTo] Ad-wiell BIE Sokom, 173WE M Z5o A=
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Figure 3. Characterization of Ad-AE1B19/55. (A) Cancer
cell-specific E1A expression of E1B 55kDa-deleted replication-
competent Ads. Cervical cancer (C33A) or normal (173WE) cells
were infected with E1B mutant adenoviruses (Ad-AE1B19/55,
Ad-AE1B19 or Ad-AEIB55) at an MOI of 10. After 24 hours,
cell lysates were subject to immunoblot analysis with an E1A
polyclonal antibody. Beta-actin was used as a quantitative control.
(B) Western blot analysis of p53 protein in U343 cells infected
with EIB mutant adenoviruses (Ad-AE1B19/55, Ad-AE1B19 or
Ad-AE1B55) at an MOI of 10. At 48 hours post-infection, cell
lysates were subject to immunoblot analysis with an antibody
recognizing p53 protein. (C) p53-dependent cytopathic effects of
Ad-AE1B19/55 adenovirus. Normal (Chang, 173WE) and cancer
(Hep3B, C33A, SK-Hepl) cells were plated on 24-well plate, and
then infected with Ad-AE1B19/55 at an MOI of 0.1 to 10. When
any kind of cell lines infected with Ad-AE1B19/55 at an MOI of
0.1 was completely lysed, the surviving cells on the plates were
fixed and stained with crystal violet. Data shown are from
representative experiments.
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Figure 4. Genomic structure and cancer celi-specific cytopathic
effect of Ad-AE1Bmt7. (A) A schematic representation of Ad-A
EIBmt7. (B) Cancer (Hep3B, C33A, A549, U343) or normal (B,
173WE, MRCS5) cell lines were infected with Ad-AE1, Ad-mt#7,
Ad-AE1B19/55, Ad-AE1Bmt7, Ad-AEIB55, or Ad-wt at indicated
MOIs. After 8-12 days of incubation at 37°C, the live cells were
then stained with 0.5% crystal violet. Each cell line was tested at
least three times, and data shown are from representative experiments.
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Figure 5. Cancer cell-specific killing of Ad-AF1Bmit7. Monolayers of cancer (A) and normal cells (B) were infected with Ad-AE1 (O),
Ad-mi#] (), Ad-AE1B19/55 (&), Ad-AEIBmt7 (x), Ad-AE1B5S (M), or Ad-wt ((J) at an MOI of 2 (Hep3B), 5 (C33A), 10 (A549,
U343), 20 (173WE, MRCS), or 50 (BJ). Untreated cells were served as a negative control (@). Viable cells were analyzed by MTT
assay, and expressed as a percentage of uninfected cells at the same time point. Mean values and standard errors of three or more
experiments, each performed in duplicate, are shown.
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Figure 6. Western blot analysis showing that Ad-AE1Bmt7
expresses fiber proteins in cancer cells, but not in normal cells.
Cancer cells (Hep3B, C33A, A549 and U343) were infected with
10 MOI of Ad-AEl, Ad-mit#7, Ad-AE1B19/55, Ad-AE1Bmt7,
Ad-AE1IB55 or Ad-wt. Normal cells (BJ, 173WE and MRCS5)
were infected with 100 MOI of each virus. At 48 hours
post-infection, total cell lysates were analyzed for fiber protein
using a fiber specific monoclonal antibody.
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