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ek BQoE= ph3 7)ol Ygog FANE HxdE mEdele] &k
O N-2 2o 18~26 WA olvnwal J9e o-helixE
Jom, ol mdm2 we] AFeA FHW p3e wart 3
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WEA QAo AguThn WHEAR 58S ALY, Bad, 4%
Sk, AP, FARG B OF 5% ol <Al FF AT FA

=
Hol7b uehbar, pi3 FAE Ao wExl FdelME mdm2

o] I}h¥d HEE human papilloma wvhole] 2o <t 7HY Fo=

%,  mdm27F pd3 @A A Fd N-Edo
TAD(transactivation domain) -91°ll Zgs] p53 wuz o] el
AAA S5, AAdoks, A, #38d 59 o4& «

O whebA mdm2e] @l e ko] HSolE oRPe ph3g
Edstogte AE el =R EAS = mdm2el o)
po3e] we7F freEER po3el o3k E A ZEHE A 7Y
st717F offth Liu 78S FAFY AlEFol okAE pdi3s ol
wrlolefAE o] fate] Hdsle] AEIANE FEE ¢ Udes HiA
st om® Wk cisplatino|tt paclitaxel? 72 3t

30 WAL fEslel GAE Y EAE FUATlEE AEE o
3}

p3el T8 4 4 FEAY mdm27t AFshs -
gk 5919 14, 19¥8A ol xARS X 3R 7| AY 22, 23 A ojn|x
< XFAA mdm2e 2ok ph3el EHIE AAlsta 1 AF

sarcoma A|E A AEuA} Z=7ES B uagdoH

ORE o3 FHALE A BA EF oldlmupolEaE FE o)E
SGTHS #Al ph3 FHAE A BA B ojdliuiolzAE o]
83 oF FHA AHEE "= MD Anderson Medical Centeroll 4] #| 3
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o As 32 ¥y
L g% AEF R AXufE

Ao AHEE AEFES HE A EF(SK-Hepl, HepG2), > ¢t
M ES(U251IN, U343, U373MG, USTMG, U118MG, SNU-201), =<t
AEF(AB49), Abs AE-F MEF(C33A)S 22 A tMEFE
1A AAAEF(IMRI, BJ, Chang, MRCH)E°|™, ®5F American
Type Culture Collection(ATCC; Rockville, MD)ol| A 3ttt =
MEFELS 10%9 $elo}& A (GIBCO BRL, Grand island, NY)©]
st¥ DMEM *®i#](GIBCO BRL, Grand island, NY)Z ujofelo =
A8 Al penicillin/streptomycin(GIBCO BRL, Grand island, NY)& #
7vake] 5% COzel &4 ol 37C & wjg7lol A vl gt

ql

2. pb3 ®WolA A=

3o C-Et F91E AAT pBAY, pBel N-EH F9E
Herpes simplex virus®] VP16 AAEA F-9]2 x|3+s pb3-VP, 1
aope3e]l N-E 915 VPI6 AR F9E X Sketal Al C-
o B2 AAZ ps3A30-VP WolAES Al &E

3. p53 WolAE VA BA B5 ohdmulolgze Az

o B I FFF WolAl gBeEs A oflmniold
2~ 9] El AMEWH<SA  pCAl4(Microbix, Ontario, Canada)©l
Xhol/EcoRV AdaLE  ol&ste] F=2Yste] pCA14-pd3A30,
pCA14-p53-VP, pCAl4-p53A30-VP, 183l pCAl4-p53e A28+l



o AFE 4FFS El MEWHE  ofvlwmntolys EEWEQ]
di324BstBEy A it BJ5I83AA s AFXFAIA  dI/p53,
d/p53A30, di/ps3-VP, T+ d/ps3A30-VP ofdlwrHlolgl A~Z A A s}
Ak AE BE vl A5 Pacl AFEARE Hrhste] A 5HA]
21 %, ofdlinlo] g 2~ AYALA| Q] HEK2939l lipofectamin(GIBCO
BRL, Carlsbad, CA)& ©o]-&3dto] &4 d&sto] npoly 25 A4S
o} AakE oldmulo]l ] A5 HEK293 Al EFo] A@dA 7 ofd
Hlol Y ~ & S A7 limiting dilution assay 2} plaque assay@® ©}H| =

Hiolglxo] ArhkE A4St =AY

F AEH Y obdmrhols 2

=~
B
w
E
S
2
[
M
[‘_81‘4
=)
s
of

o Az

pse] C-Eet F9E AR B3A, pBi3e]l N-ZH F9E
Herpes simplex virus®] VP16 ZAFEA Fo= X 3ksk po3-VP, 18]
Iopa3e]l N-E H-91E VPI6 AR 92 A$ketar Al C-
ek B9E AAGT pBAN-VP WolAES ofE p3d 4 74
olt|:=nfole =9l E3 MEWE < pSP72AE3S] BamHI 9o 44
o] pSP72AE3-ph3A30, pSP72AE3-pP53A30-VP, 18] pSP72A
E3-p53s AlAstinth AztE 3FRe E3 MEHHE 242 Xmnl A
StaAE AEste] ddrtgor e gS Spel AFELE A )
of Tdviete] @ FF Aez ARG ofdcutolglx EGHEC
Ad/mA19¢t A gt BJ5183NA ds AXZHAIA Ad/mA
19-p53, Ad/mA19-p53A30, Ad/mA19-p53A30-VP o}l d|=Hfo] 8 X~
s 77 AFEEY. AFE BEE vpolgAES Pad AdtasE A
st MEsiA gl ) HEK2939]  lipofectamin(GIBCO  BRL,
Carlsbad, CA)& o|&3te] F4d HFsto] nfolej~5 ALikstAd.
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5. p53 WHolA9 &4 ¥ HF

A zF @B HelAle] AE WellMe] & ARE Blusy]
#3ll, polyoma virus minimal promoter® ribosomal gene cluster
upstream . ZHE  FHE 13 copyd pb3 A7) luciferase A
ZF o eko] 9 X%t pGl3-luciferase ™ H (Johns Hopkins W&ol A=
Vogelstein BFA})E o] 8319 luciferase assay= Al 88ttt Abd 7
b Al C38ACl Zzte] po3 WolAl HE= ofdd po3 At
pGl3-luciferase ®=v SAWzET WEQ] MGI5-luciferasest 371
A dgs 5 BARE olFo] AMEE stk siEE AlEgd

Mo oft it

il
.

AAEE3 & Az=dAuks Bol firefly luciferase®t renilla luciferase
= dAF vbSAIZ FH luciferased] WS A po3e] A A
5 AZgstdoh

6. p53 HWolAE L= AXT oldniolH 2o Ax A

g8 BolAlE Wdshs BAl B s % AduR A op)
wupolel=e] ShME s HTehr]l #sl, A it AEF
(SK-Hepl, HepG2), ¢ AM3EF(U25IN, U343, U373MG, USTMG,
UL18MG, SNU-201), # ¢ AEF(A549), A" 5 AlEF(C33A)
oF 2 A dAHEFEY JA AGAEFIMRI, BJ, Chang,
MRC5)E 2] 979 otdimutolel2® ZAAAIZ 5 AE AbE
AEE Bl AE Ao AEE 05% crystal violet(in 50%

methanol) o= <JAsle] Hlw A5

7. MTT assayE ©]|€3% AZXFg oldxnulolzize AxE 4



4 2% P HAF

Asll, A FFY HMEEFH ABAEFES 24-well plateol] 5
shar 24AZE - oe] grhe] ojdmutold 25 ZAAIFTE wiollx
4 2, 4, 6, 8dAdd Axe] HEES FAHsrl 98
MTT(3-(4,5-dimethylthiazol-2y1)-2,5-diphenyltetrazolium bromide, 2
mg/m) &HE ZF wel F 20 wH ¥ 7C A2 w44

ko3
T

[e]
7ColAM 1027 BAF 5, 540 nmel A FBE=E S8 AlxE

8. Immunoblotting #2]

Al B H= HAl b oblmmleleizo] s ¥ 3
e o3 WolAlet op¥E pa3el wwHEE FRley] Qs 203 AlE
of dI/p53, di/p53A30, di/p53-VP, dI/p53A30-VP o}t =nlo] 2
+ Ad/mA19-p53, Ad/mA19-p53A30, Ad/mA19-pd3A30-VPE
Zt 2 MOIZ ZEA71ar 29 Holl, lysis buffer(50mM HEPES,
0.15M NaCl, 05% NP-40, protease mhibitor: PMSF, TLCK, TPCK)
2 MEEL &dAr7AH  SDS-PAGE(sodium dodecyl sulfate

polyacrylamide gel electrophoresis) #7]%95S AldstAtt. 719

N

kR

N

ZE geld] Y wwAESS PVDF(polyvinylidene fluoride) membrane

o] electro-transferdt % pb3 TE p2l ©@ES Eojxom QA=



A (pAb 240, 6A7; BD Biosciences., San Jose, CA)®} 8
—actin(Sigma, St. Louis, MO)& ¥z} &A=& hybridization?] 7] a2
HRP(horse radish peroxidase)”} Z23%¥ goat anti-mouse IgG(Santa
Cruz Biotech.,, Santa Cruz, CA)Z TUtA] hybridizationA]Zl 3
ECL(enhanced chemiluminescence: sc-2048; SantaCruz Biotech.,
Santa Cruz, CA)S o]&s] pi3 T p2l @wde] uke Aks 7

Fahech,

9. FACS &4

po39] ol& fFE¥H+= AEAE flow cytometry analysis cell
sorting(FACS) #4& &3l #HASstdrt. U343, U373MG, A549,
U25IN AlZ£5(1 x 10°71)E 25T flaskel £F3 v Ad/mA19-p33,
Ad/mA19-p53A30, Ad/mA19-p53A30-VP  ofelicnfo] 22 & Q
A EzTFe® 1 ¢ M camptothecin(CPT)-112 2] 3F 3 484 7F
o ZrdE MEES 343t 1x binding buffer® Aojdl
ApoAlert Annexin V-FITC apoptosis kit(CLONTECH, Polo Alto,
CA)E o]g3te] A=A AAS Wil wel Annexin V/PI o] F

% A (double staining)sto] FAIE A4S A3k

an o2

o

10. TUNEL assayE && A EiA #F

po3 FHAAZE M EAF] WA= GEFS dolrry] $18] TUNEL
assay S A8t U343, U373MG, A549, 12 U25INS 5 x 10°
N= chamber slideol #&F3ta Z42be] npeo]ly ~& 3 MOIZ A
7131 24417 S XS A A FH ApoTag Kit(Intergen, Purchase,

NY)s  ofgs) A=A AARE BRiel weEl terminal



deoxynucleotidyl  transferase(TdT)-mediated dUTP nick end
labeling(TUNEL) assayS Al&3lich @A HE &3ty 93|
peroxidase®} ZA3H  avidine AFE3le]  3,3'diaminobenzine(DAB;
Dako, Carpinteria, CA)9} WH-S-A1Zl & AxEo] Aoz HMel= A
o] Fotoz IAHHE FTHTZ 33 Aoyl 05% methyl green®
2 1023 9A8AT. A /T2 33 Aol A cover glass®
AAANA dAnF oz fwEste] duAd AolA |l X ol FHE
y

TR Aste] A Axe T A" AlEe Hles AAtsATh

11 AA W FFF 23 AF

=
o7 AZ39T. Tumor size(mm®) = &% mm X (4% mm)® X
£



m 2 3
1. pb3 WolAe EHE HF

Az 7 B3 WolAle] AE ulelAe] &4 ALEE Bl
A8ll, 13 copye] pb3 A AFF-97F luciferase gene el A Y H
pGl3-luciferase WEjo] po3 WolAl7t Agsle F& ZHsLh F
1olA & 4 9lxel, ph3e] C-Ed F9E AAZ ph3A30, 39 N-
et B QS Herpes simplex virus®] VP16 AAEA Koz 83
pB3-VP, 18]al pi3e] N-ET F91E5 VPI6 HAMEAY He2 X3
L FAel C-Edk F9E AAF ph3A30-VP HolAlEe] &7t
ofAE ph3ET BT FTlERGIth B SA4% AEE pB3A3), pi3A
30-VP, pb3-VPe &AMtz F7hetdlow, 538 p53A30%t pbs3a
30-VPol &2 oAy pb3el HlE of 3~4miE AA FIFsSith
gy &4 dixzdel pb3el A FS7E WelEe e
MGI15-luciferase MHE o]&3gt A-9-ole op8d pb3d pb3 WHolAl9

== A FAHA

bl

19

2. pd3 WolAE 3= A= obdHmmle|Hz9 AF
AXE &4 a3 va H3S

otdjmnmlol 2] AEIUAL FETE S7HATIZ] SAs EAl
5 ofdlmutole] =<l dl/Ze] E1 F9leol p53 FHdAE AFigh ofbd]
Eupolel 2ES AAE $(Fig. 2), AE A a3dE5 v HS5sA
ot dl/p53, dI/p53430, di/p53-VP, dl/p53A30-VP o}t mnfo]ef 2~
HEwoRA HAl &5 otdlmuteld Al d/ZE oY T/ TF

AzFs AT o] A7tz 22 Z4EAz 5 AE 24 A



1607
140}

120+
100¢
80}
60
407
207

Firefly/Renilla Luciferase

MG15-Luc
pG13-Luc
P53+MG15-Luc

[ =]
P53+pG13-Luc [N
P53A30+MG15-Luc
P53A30+pG13-Luc
P53-VP+MG15-Luc
P53-VP+pG13-Luc

P53A30-vP+MG15-Luc
P53A30-vP+pG13-Luc

Figure 1. Effect of wild-type pb3, pb3A 30, pb3-VP, or pb3A30-VP
on transactivation of the pGl3-luciferase reporter vector in C33A
cells. The p53 activity was determined by the Luciferase assay.
C33A cells were co-transfected with pGl3-luc, which carries the
luciferase gene driven by a promoter consists of 13 copies of
po3-binding elements derived from the ribosomal gene cluster
upstream of a polyoma virus minimal promoter sequence, and
pCEP4 expressing either wild-type pb3 or one of the mutant pb3s:
po3A30, pb3-VP, pb3A30-VP. Negative control construct,
MG15-luc, which carries mutated pb3-binding elements, was
co-transfected with wild-type or mutant pb3s. The luciferase
activity of pGl3-Luc or MG15-Luc was considered as 0 with the
luciferase activity of each plasmid normalized to this. All data
represent the means and standard deviations (SD) of quadroplicate

experiments.
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Figure 2. Structure of replication-incompetent (A) and
replication-competent (B) adenoviral vectors. dl/Z has the whole El
region deleted and comprises the B-gal gene inserted into the El
region; dl/p53, dI/p53A30, d/p53-VP, and dl/p53A30-VP comprised
of the wild-type pb3, pb3A30, pb3-VP, and pb3A30-VP genes
inserted into the El1 region of dl/Z, respectively; Ad/mA419 contains
the normal E1A and EIB 55kDa, but is E1B 19kDa translation
mitiation codon mutated, and the EIA expression was controlled by
mTERT promoter; Ad/mA19-p53, Ad/mA19-p53A30, and Ad/mA
19-p53A30-VP comprised of the wild-type p53, pb3A30, pb3-VP,
and po3A30-VP genes inserted into the E3 region of Ad/mAl9,

respectively.
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Figure 3. The imn vwvitro CPE effects of replication-incompetent
adenoviruses. Monolayers of cells in 24-well plate were infected
with di/Z, d/pe3, di/ps3430, d/ps3-VP, or dl/pbh3430-VP at MOIs
of 20 - 500. d/Z served as a negative control. At the moment in
which cells infected with any one of the viruses at low MOIs
exhibited complete cell lysis, the remaining cell layer was fixed

and stained with crystal violet. Representative results are shown.
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Figure 4, Efficient cancer cell killing effect of

replication—incompetent adenoviruses expressing wild-type pb3 or
pb3 variants. Monolayers of cancer cells were treated with an MOI
of 50 or 150 of dl/Z, dl/p53, dI/p53430, dlI/p53-VP, or dl/p534
30-VP adenovirus. MTT assay was then performed to totally

viable cells, and results are the mean of triplicate experiments.
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Figure 5. The in wvitro CPE effects of replication—competent
adenoviruses. Monolayers of cells in 24-well plate were infected
with dl/Z, Ad/mAl19, Ad/mA19-p53, Ad/mA19-p53A30, or Ad/m
AN19-pb3A30-VP at MOIs of 05 - 100. replication-incompetent
adenovirus, d/Z, served as a negative control. At the moment in
which cells infected with any one of the viruses at low MOIs
exhibited complete cell lysis, the remaining cell layer was fixed

and stained with crystal violet. Representative results are shown.
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Figure 6. Efficient cancer cell killing effect of replication—competent
adenoviruses expressing wild-type pb3 or pb3 variants. Monolayers
of cancer cells were treated with an MOI of 1 or 3 of dlI/Z, Ad/m
A19, Ad/mA19-pb3, Ad/mA19-p53A30, or Ad/mA19-p53A30-VP
adenovirus. MTT assay was then performed to tally viable cells,

and results are the mean of triplicate experiments.
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Figure 7. The expression of pb3 in U343 cells infected with
replication—incompetent adenoviruses expressing pd3 variants. Cells
on 6-well plates were infected with dl/Z, dl/p53, dl/p53A30,
dl/p53-VP, or dI/p53A30-VP adenovirus at an MOI of 50. At 48
hr after infection, cell lysates were subject to immunoblot analysis

with an antibody recognizing pd3 or [ -actin.
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Figure 8. The expression of pd3, p2l1 in U343 cells infected with
replication—competent adenoviruses expressing pd3 variants. Cell on
6-well plates were infected with Ad/mA19-p53, Ad/mA19-pS3A
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Figure 9. Analysis of Annexin-V/PI fluorescence. Cells were
infected with Ad/mA19, Ad/mA19-p53, Ad/mA19-p53A30, or
Ad/mA19-p53A30-VP virus, or treated with CPT. Cell pellets
were resuspended in 100 wl¢ binding buffer and then reacted with
Amnexin-V 3 ) and PI G pl) at room temperature. The stained
cells were then analyzed in a fluorescence-activated cell sorter. In
each scatter plot, the percentage of Annexin-V'/PI (cells in early
apoptosis, bottom right quadrant) is bold and italicized.
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Figure 10. In wvitro TUNEL assay. At 48 hrs after treatment
without or with 1 M of CPT or infecion with Ad/mA19, Ad/mA
19-p53, Ad/mA19-p53A30, or Ad/mA19-p53A30-VP, apoptotic
cells were detected by labeling with DAB wusing terminal
deoxynucleotidyl transferase (counterstained with methyl green).
(A) Brown staining indicates positive staining for DNA strand
breakage. 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 2000 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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Figure 11. Suppression of tumor growth by replication—competent
adenoviruses expressing pb3 variants in male athymic nude mice.
Subcutaneous tumors derived from U343 cells were treated with
Ad/mA19, Ad/mA19-p53, Ad/mA19-p53A30, or Ad/mA19-p53A
30-VP, along with PBS as a negative control. Tumor volume was
monitored over time (days) after treatment with adenovirus. The
arrow indicated when treatment was given (5% 107
PFU/mouse/treatment). Values represent the mean * se. for six

animals per group.
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Abstract

Effect of recombinant adenoviruses expressing

pd3 variants on tumor cell killing

Taeyoung Koo

Department of Medical Science

The Graduated School Yonser University

(Directed by professor Chae-Ok Yun)

The tumor suppressor gene, pd3, located on chromosome
17q, 1s mutated or lacking in at least 50% of human -cancers,
including lung cancer, cervical cancer, breast cancer and head and
neck cancer. The pb3 gene encodes a transcription factor that
plays a critical role in apoptosis in cancer. MdmZ2, a major
negative regulator of pb3, inactivates pb3 protein by binding its
transcriptional activation domain. Mdm?2 overexpression or infection
of human papilloma virus is common in cancer, and most of these
tumors retain “'p53, suggesting that tumors with mdm2
overexpression bypass the need to mutate pb3. In recent research,
transient expression of the pb3 gene via adenovirus—mediated gene
transfer induces apoptosis in cells expressing mutant pb3, while
causing cell cycle arrest in cells with “'p53. However, since many
cancer cells overexpress mdm?2, and high levels of mdm? inactivate
and cause degradation of p53, the transfer of “'p53 into cells that

overexpress mdm? is unlikely to be efficacious. To overcome the



inhibition of pb3 by mdmZ and increase transcriptional activity of
pb3, 3 different kinds of pb3 variants genes were constructed,
generating pb3A30 (deletion of C-terminal region of pb53), pb53-VP
(substitution of N-terminal region of pb3 with activation domain of
VP16), and pb3A30-VP (deletion of C-terminal region and
substitution of N-terminal region of pb3 with activation domain of
VP16). As assessed using relative luciferase activity, the
functional transcriptional activity of all three kinds of pb53 variants
was greatly enhanced in comparison to “'p53. In particular, the
activity of pb3A30 and pb3A30-VP showed over 3- to 4-fold
enhanced transcriptional activity. In addition, we have introduced
“Ip53  and the pb3  variants at El  and E3 region of
replication—incompetent adenovirus, dl/Z, or oncolytic adenovirus,
Ad/mA19, respectively. Ad/mA19-p53A30-VP  expressing pH3A
30-VP significantly enhanced cytopathic effect and cell-killing
activity in all tumor cell lines tested. Moreover, TUNEL (terminal
deoxynucleotidyl transferase-mediated dUTP nick-end labeling)
assay and Annexin-V/PI double staining indicate that apoptotic
ratio induced by Ad/mA19-p53A30-VP was superior to those of
other adenoviruses expressing “'p53 or p53A30. Taken together,
these lines of evidence demonstrate that the newly generated
adenoviruses expressing pd3 variants elicit enhanced cancer cell
killing, and suggest their utility and potential in improving the

efficacy of adenovirus—mediated cancer gene therapy.

Key Words: replication—-competent adenovirus, pb3, TERT promoter
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