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ABSTRACT
VEGF, IL-8, or c-Met-specific short hairpin RNA-expressing
oncolytic adenovirus elicits potent inhibition of angiogenesis and

tumor growth

Ji Young Yoo

Department of Medical science

The Graduate School, Yonsei University

(Directed by Professor Chae-Ok Yun)

RNAI, due to its target specificity may be highlfeetive as a novel
therapeutic modality but direct delivery of syntbetiRNA still remains a
major obstacle for this approach. To induce lommtexpression and specific
gene silencing, novel delivery vector system i® aksquired. To overcome
this shortcoming, | constructed an oncolytic adénsv(Ad)-based shRNA
expression system (A8B7-shVEGF) against vascular endothelial growth
factor (VEGF), a key mediator in angiogenesis. demonstrate VEGF-

specific nature of this newly engineered Ad-bas®&iRMA, replication-



incompetent Ad expressing VEGF-specific ShRNA (MNgi-shVEGF) was
also generated. AdE1-shVEGF was highly effective in reducing VEGF
expression, and elicited anti-angiogenenic effactitro as well asin vivo.
Similarly, Ad-AB7-shVEGF exhibited potent anti-angiogenic effeictsthe
matrigel plug assay vivo. Moreover, AdAB7-shVEGF also demonstrated
enhanced antitumor effect and survival advantagapaped to its cognate
control oncolytic Ad, AdAB7. Tumor histological analysis revealed that
Ad-AB7-shVEGF induced significant reduction in tumor sealature,
verifying the anti-angiogenic mechanism. Furthemmpothe duration and
magnitude of the gene silencing effect followindeation with AdAB7-
shVEGF was longer and more effective than the cafitin-incompetent Ad,
Ad-AE1-shVEGF. Taken together, these results suggestttie combined
effects of oncolytic viral therapy and cancer ogécific expression of
VEGF-targeted shRNA elicits greater anti-tumor effinan an oncolytic Ad
alone.

To select effective promoters for expression of AR, | used IL-8,
a potent pro-angiogenic factor. | also manufactwegalication-incompetent
Ads (AdAE1-CMVshIL8 and AdAE1-U6shIL8) under the control of the
CMV and U6 promoters, respectively. Ad=1-U6shIL8 was highly effective

in reducing IL-8 expression, and was much morecéffe in driving IL-8



specific shRNA than the CMV promoter-driven vectdhe reduced IL-8
expression then translated into decreased angisigéneitro as measured by
migration, tube formation, and rat aortic ring sginog assays. In addition to
its effect on endothelial cells, AfE1-U6shIL8 also effectively suppressed
the migration and invasion of cancer cellslso have generated an efficient
oncolytic adenovirus (Ad)-based shRNA expressiorstasy (AdAB7-
U6shIL8) against IL-8, a potent pro-angiogenic dacin vivo, intra-tumoral
injection of AdAB7-U6shIL8 significantly inhibited the growth of H8B
and A549 human tumor xenografts. Histopathologaalysis of AdAB7-
U6shIL8-treated tumors revealed an increase in tagiopcells and a
reduction in mcro-vessel density. Finally, A&7-U6shIL8 was also shown
to inhibit the growth of disseminated MDA-MB-231daist cancer metastases.
Taken together, these findings demonstrate thetyutdnd anti-tumor
effectiveness of oncolytic Ad expressing shRNA aghil-8.

To develop effective shRNA inhibition system, | quaned single or
dual shRNA expression system. c-Met, receptor igeokinase for hepatocyte
growth factor (HGF) is overexpressed and/or mutaedariety of human
tumors. Since HGF-Met signaling contributes to tunsarvival, growth,
angiogenesis, and metastasis, various approaches lheen explored to

inhibit the function of HGF or Met. In this studly,generated recombinant



adenovirus expressing c-Met-specific ShRNA and camenb single and dual
shRNA expression system, too. All constructed c-Mepecific shRNA-
expressing Ads inhibited c-Met expression. Amongs#) dual shMet-
expressing Ad, AdsE1l-shMet4+5, was more effective than single shRNA-
expressing-Ads in driving c-Met specific ShRNA. ISehfected with shMet-
expressing Ads were showed dramatic growth inlibitand characteristic
changes in morphology. That is, phenotypes sucbnéarged and flattened
cell morphology, increased granularity and the apgece of many
vacuolated cells were typical senescence-like pigprocand mRNA level of
the genes commonly associated with cellular senesdike SM22, TGase I,
and PAI-I was increased. Also, it was observed that reduced c-Met
expression could inhibit cancer cell proliferation arresting cells at G2/M
phase using cell cycle analysis. Reduced c-Metesgimn down-regulated
VEGF expression and reduced angiogeniesiftro as measured by migration,
tube formation, and rat aortic ring sprouting assdy addition to inhibition
of endothelial cell functioning, AdE1- shMet4+5 effectively suppressed the
migration and invasion of cancer cells. Moreovatra-tumoral injection of
Ad-AE1-shMet4+5 inhibited tumor growth significantly reothan single
shMet-specific ShRNA expresiing Ad, AtkE1-shMet4 or AJAE1l-shMet5.

Histopathological analysis of tumors treated witthAE1-shMet4+5 revealed



an inhibition of cancer cell proliferation and retlan in vessel density.
Furthermore, treatment of A#E1l-shMet4+5 inhibited the growth of
disseminated MDA-MB-231 breast cancer metastasakern collectively,
these findings demonstrate that the inhibition-Met function by dual c-Met
specific shRNA expressing Ad suppress cancer cedllifpration via
senescence mechanism and tumor growth, invasiontastasis and

angiogenesis.

Key words: Cancer gene therapy; vascular endothelial growttofgVEGF),
IL-8, c-Met, Hepatocyte growth factor (HGF); shbairpin RNA (ShRNA),

oncolytic adenovirus
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oncolytic adenovirus elicits potent inhibition of angiogenesis and
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(Directed by Professor Chae-Ok Yun)
. INTRODUCTION

It has recently been shown that the introductioa mammalian cell
of double-stranded oligoribonucleotides (also chlERNA) triggers the
degradation of the endogenous mRNA to which theNsifhybridizes to.
Initial investigations of RNAI in cells relied omansfection with synthetic
RNA oligonucleotides?, or plasmids designed to drive expression of SiRNA
through the use of RNA polymerase Il promotérs This knock down
technology has been successfully applied to inéget gene expression but
its utility is limited by its short half-life. Tochieve therapeutim vivo gene

silencing in mammalian tissues, it would requiréraoellular transcription



expression rather than transient transfection d¥Ns °. One means to
achieve this long lasting expression of siRNA isise a vector-based delivery
system such as recombinant viral vectors.

E1/E3-deleted replication-defective adenovirus (Aay been widely
used for cancer gene therapy because it offerspmtrast to other vectors,
much higher transduction efficiency and transgerpression in a broad
spectrum of cell types However, replication-deficient viral vectors hates
far been used with limited success in cancer gleeapy mainlydue to
limited transduction efficiency and short durati@i therapeutic gene
expression. It ithus expected that delivery of shRNAs interferinighvthe
expressiorof genes involved in tumor cell survival using neplicating
vectors will meet similar difficulties. Oncolyticds are being developed as
selectively replicating antitumoral agents, andrentty number of clinical
trials with such viruses are ongoing to treat detgrof cancer$™ A clear
benefit is the potential amplification of its effem which the replicating
vector would be able to infect and deliver the dipeutic gene to adjacent
cancer cells, ultimately enhancing the potentialaofiral-based therapy to
deal with the complexity of a human tuntdr

Angiogenesis, the formation of new capillaries fremisting blood

vessels, plays an important role in the growth,astessis, and malignancy of



tumors . Number of growth factors have been identified psitive
regulators of angiogenesis Among them, vascular endothelial growth factor
(VEGF) seems to be the predominant growth factondoin a wide variety of
conditions associated with angiogeneSi¥. Therapeutic effect in terms of
inhibiting tumor growth and metastasis by inhilgtinVEGF activity or
disabling the function of its receptors has beewshin the clinic'’ 2
In this report, the main objectives were to carddtran efficient

oncolytic Ad-based shRNA expression system andxfioee oncolytic Ad-
mediated RNAI for efficient and long-term gene sdimg. | show here that
E1A- and E1B-double mutant oncolytic Ad expressititfsF-specific ShRNA,
Ad-AB7-shVEGF, induces silencing of VEGF gene effedyiva vitro as well
asin vivo. | show for the first time that VEGF-specific shRExpressed from
an oncolytic virus can induce potent anti-angiogéeresulting in tumor
suppression as well as survival benefits. In agldjti demonstrate for the first
time that the oncolytic Ad-mediated shRNA expressiesults in improved
efficacy as well as sustained gene silencing effbein the replication-
incompetent Ad, AAE1-shVEGF.

Interleukin-8 (IL-8), a member of the CXC chemokifanily, was
initially discovered as a leukocyte chemo-attraiGtarcent studies have

revealed that IL-8 plays an important role as apibpro-angiogenic factor



2122 1L.-8 is produced by various tumors including nmelma, lung, prostate,

gastric, ovarian, and bladder canc’érfxperimental and clinical studies have
shown positive correlations between IL-8 expressiod tumor growth and
metastasis®. Recently, it has been shown that a blockade e8 Hctivity
using a neutralizing antibody or an IL-8 antisemdigodeoxynucleotides
inhibited both the growth and metastasis of tuniara variety of animal
models”>?.

Using IL-8, | compared two promoters, CMV and U8, their
efficiency of shRNA expression. | also investigatdte potential of an
oncolytic Ad-mediated shRNA expression targetedLt8 in inhibiting both
tumor growth and angiogenesis. Our results show tthe U6 promoter is
superior to CMV in its ability to express shRNA sifie to IL-8, and that the
expression of IL-8-specific ShRNA can strongly ampecifically silence IL-8
MRNA and protein expression in various human cane#rlines. | show for
the first time that IL-8-specific shRNA expressetbni an oncolytic
adenovirus can induce potent anti-angiogenic effeesulting in inhibition of
tumor growth and metastasis. | further show thaA-Bfediated suppression
of angiogenesis and induction of apoptdsidumors likely contributes to
additional anti-tumor activity, leading to enhancé#uerapeutic efficacy.

Findings in this report strongly suggest that tlse of cancer cell-specific



replicating oncolytic adenovirus in the deliverybf8 specific ShRNA may

hold strong promise for the treatment of cancer.

Receptor tyrosine kinases (RTKs) regulate many feacesses in
mammalian  cell growth and survival, organ morpheses)
neovascularization, and tissue repair and regeaograt especially.
Overactivation and/or defective downregulatiuon BiTKs have been
implicated as causative factors in the developmemd progression of
numerous human cancers. There are now over 75 krmwman receptor
tyrosine kinase (RTKs), and many of them are kntavhe proto-oncogenes
involved in oncogenesié®. Based on this, RTKs could be an attractive
molecular target for efficient therapeutic toolainticancer therapy, and it has
been developed many of tumor RTK-targeted drug$ sag trastuzumab,
imatinib, bevacizumab, and gefitinib. c-Met, oneR3fK proto-oncogenes, is
a disulfide-linked a-p heterodimeric receptor tyrosine kinase and is
overexpressed and/or dysregulated in a varietyunfiadm tumors including
melanoma, lung, prostate, gastric, ovarian, andldaa Various c-Met
mutations have been well described in multipledstlimors. It was reported

that most of c-Met mutations was in juxtamembrame @a cytosolic c-

10



terminal domain with tyrosine kinase activity, $ocan induce constitutive

activation of the HGF signaling pathway.

Since Met signaling contributes to tumor survivairowth,
angiogenesis, and metastasis, it could be a pat¢atget for cancer therapy.
Various approaches have been explored to inhibitHGF or Met-mediated
function in experimental systems. One of the apgmea is the use of
neutralizing monoclonal antibody (Cao et al., 206ijibozyme®>' to block
the HGF activity or HGF/Met expression. According this study, the
inhibition of the HGF/Met function suppressed bdtimor growth, and
metastasis in a variety of animal tumor models.0Ais was also reported
other ways to block the HGF/Met interaction likee tinhibition of Met
tyrosine kinase activity by small molecule inhibi&d’**** impairment of
receptor dimerization either by dominant-negativet ¥>° or by a dual-
function decoy Met receptor that interferes witthdd GF binding to Met and

Met homodimerizatiori®, and ligand displacement by a competitive inhibito

of HGF¥".

The activation of c-Met protein is involved in theduction of
vascular endothelial growth factof*® through downregulation of the

antiangiogenesis factor thrombospodif{?l Recently, it was shown that a

11



selective small molecule inhibitor of c-Met, PHAG&R, inhibits
tumorigenicity and angiogenedisand another small molecule inhibitor of c-
Met, PF-2341066, exhibits cytoreductive antitumofficacy through

antiproliferative and antiangiogenic mechanfém

Using c-Met, | compared single or dual shRNA expi@s system,
in their efficiency of shRNA expression. To effeelly inhibit c-Met
expression, | generated three kinds of recombimal®novirus expressing
single shRNA, AdAE1-shMet4 and AdE1-shMet5, and dual shRNA, Ad-
AE1-shMet4+5 and examined their efficiency for c-Metockdown. Our
results show that AdE1-shMet4+5 can strongly and specifically silenee ¢
Met mMRNA and protein expression in various humamcea cell lines tested.
Also, | observed that reduced c-Met expressionéadidramatic inhibition of
cell proliferation inhibition by senescence meckani Functional analyses
showed that the inhibition of c-Met effectively ibhied not only cell
proliferation and tube formation of primary cultdreuman endothelial cells
in vitro but also rat aorta ring sprouting of endotheligllsc ex vivo.
Furthermore, it significantly suppressed the growth established U343
human glioma xenograft model in nude mice. In addjtl demonstrate for

the first time that the dual c-Met-specific shRNApeession results in

12



improved efficacy as well as sustained gene sifgneiffect than the single
shRNA expression. These observations strongly sidbat the inhibition of
c-Met expression using dual c-Met specific shRNAwessing Ad, AAE1-

shMet4+5 may hold strong promise for the canceatiment.

13



1. MATERIAL AND METHODS
Cell linesand cell culture

All cell lines with the exception of Hep3B, whichaw maintained in
modified Eagle’s medium (MEM; Gibco BRL, Grand Isth NY), were
cultured in Dulbecco’s modified Eagle’s medium (DME Gibco BRL)
supplemented with 10% fetal bovine serum (Gibco BRl-glutamine (2
mM), penicillin (100 [U/ml), and streptomycin (5Qg/ml). A human
embryonic kidney cell line expressing the Ad Elisag(HEK293), brain
cancer cell lines (U343 and U87MG), liver cancdt lages (Hep3B, HepG2,
Huh7, and Hepl), and a non-small lung cancer da#t (A549) were
purchased from the American Type Culture Collect{g CC, Manassas,
VA). Human umbilical vein endothelial cells (HUVEGsisolated from
human umbilical cord veins by collagenase treatrasmdescribed previously
3 were maintained and propagated in M199 mediumittbgen, Carlsbad,
CA) containing 20% fetal bovine serum (FBS), pélstreptomycine (100
IU/ml), 3 ng/ml basic fibroblast growth factor (Upte Biotechnology, Lake
Placid, NY), and 5 units/ml heparin. HUVECs weredietween passages 2
and 7. All cell lines were maintained at°@7in a humidified atmosphere at

5% CQ.

14



Construction of expression plasmids expressing VEGF-specific sShRNA

Two target siRNA sequences for VEGF were seleaisthg a
dedicated program provided by Ambion Inc. (Ambidxystin, TX). Two
double-stranded RNA oligonucleotides, correspondiagtwo regions at
nucleotides 124-144 (shVEGF-1) and 379-399 (shVREEF human VEGF
MRNA (GenBank accession number gi: 6631028), when tsynthesized
using Silencé siRNA construction kit (Ambion, Austin, TX) (FigLA).
To generate shRNA targeting VEGF, the DNA fragmfentthe expression of
shRNA targeting the positions 124-144 or 379-39%homan VEGF was
generated by annealing the sense oligonucleotidé-gatécc
AAGTTCATGGATGTCTATCAGttcaagagaCTGATAGACATCCATGAACTT
ttttttggaaa-3 and its cognhate  antisense  oligonucleotide - 5
agcttttccaaaaaaAAGTTCATGGATGTCTATCAGtctctigaaCTGAIACATC
CATGAACTTgg-3 or the sense oligonucleotide -5
gatcccAAATGTGAATGCAGACCAAAGttcaagagaCTTTGGTCTGCATRC
CATTTttttttggaaa-3  and its cognate antisense oligonucloetide 5
agcttttccaaaaaaAAATGTGAATGCAGACCAAAGtctcttgaaCTTTGGTGC
ATTCACATTTgg-3 for shVEGF-1 and shVEGF-2, respectively. The 21-
nucleotide VEGF target sequences are indicategpencase letters, whereas

the 9-nuclecotide hairpin and the sequences negedsarthe directional
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cloning are depicted in lowercase letters. Aftegedtion withBamHI and
Hindlll, the fragments were inserted into a pSilencéH@ygro-U6 vector
(Ambion), resulting in pshVEGF-1 and pshVEGF-2. Toatrol vector (psc-
shRNA) was constructed by inserting a sequenceetifesses a siRNA with
limited homology to sequences in the human and sngesomes.
Synthesis and transfection of SRNAs specific for IL-8 or c-Met

Four synthetic double-stranded oligonucleotidesresponding to
four 21-nt sequences from human IL-8 (GenBank a&boesnumber gi:
28610153; Table 1) and Five synthetic double-sednaligonucleotides
specific to human c-Met (GenBank accession numbet5p7746; Table 2),
were designed using RNAI software (Ambion:

www.ambion.com/techlib/misc/siRNA_finder.htyrdnd synthesized using the

Ambion Silencer TM siRNA construction kit (AmbioAustin, TX). To

determine the most effective siRNA, one pg of ea€hthe synthesized
siRNAs and two control siRNAs specific to lamin A&Dd luciferase were
introduced intdHep3B (IL-8) or U343 (c-Met) cells (3 x 10in 6-well dishes
using lipofectamine plus reagent (Invitrogen, Gaaty CA). After 48 hr, cells
were harvested and total RNA was extracted usirg RNeasy mini kit
(Qiagen, Valencia, CA) according to the manufactsranstructions Semi-

guantitative RT-PCR was then performed udiractin as an internal control
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to normalize gene expression.
Generation of VEGF -specific sShRNA-expressing shuttle vector

To generate Ads expressing VEGF-specific shVEQReaE3 region
of Ad, shVEGF gene excised from pshVEGF-2 was fingbcloned into
pSP72-E3 Ad shuttle vectdf using EcoRI-Hindlll, generating a pSP72-
E3/U6-shVEGF. The newly constructed pSP72-E3/U6EBF¥ E3 shuttle
vector was then co-transformed with a replicatioceimpetent Ad total vector
expressing lacZ at E1 region, p&lEl, or replication-competent Ad total
vector, pdlAB7, into Escherichia coli BJ5183 for homologous recombination,
generating pAdE1l-shVEGF and pAdB7-shVEGF Ad vectors,
respectively.
Generation of 1L-8 -specific sShRNA-expressing shuttle vector

To generate Ads expressing IL-8-specific shRNA, Diagment
targeting position 194-212 of human IL-8 was figgeherated by annealing the
sense oligonucleotide -5
gatccGAACTTAGATGTCAGTGCATAttcaagagaAATATGCACTGACAT
CTAAGTtttittggaaa3d’ and its cognate antisense oligonucleotidé 5
agctticcaaaaaaGAACTTAGATGTCAGTGCATAtctcttgaaAATATGCACTG
ACATCTAAGT(Qgg-3'. The 19-nucleotide IL-8 target sequences are atelic

in uppercase letters, whereas the 9-nucleotid@ihaind sequences necessary
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for directional cloning are depicted in lowercasttdrs. After annealing with
sense and antisense oligonucleotides, the fragmeete inserted into a
pSilencer-2.1-hygro-U6 vector (Ambion), resultimgashUGIL-8. The shIL-8
gene expression cassette excised from pshUG6IL-&esssubcloned into the
pSP72-E3 Ad shuttle vectol using EcoRI-Hindlll, generating pSP72-
E3/U6-shIL8. In addition, the annealed IL-8-spacghRNA DNA fragment
was subcloned into the pSP72-E3/CMV Ad shuttle areét, generating
pSP72-E3/CMV-shIL8. The newly constructed pSP72J63hIL8 and
pSP72-E3/CMV-shiIL8 E3 shuttle vectors were lineadizvith Xmnl and co-
transformed with pdhEl, a replication-incompetent Ad total vector
expressing lacZ at E1 region, or pdB7, a replication-competent Ad total
vector, into Escherichia coli BJ5183 for homologous recombination,
generating the pAdE1-UBshIL8, pAJAE1-CMVshIL8, pAdAB7-UBshiL8,
and pAdAB7-CMVshIL8 Ad vectors.
Generation of c-Met -specific shRNA-expressing shuttle vector

To generate Ads expressing c-Met-specific ShRNBN& fragment
targeting position 1987-2007 and 3142-3162 of huncaket was first
generated by annealing, the following oligonucldesi were used:Met #4:
sense oligonucleotide: "5

gatccAAACTAGAGTTCTCCTTGGAAttcaagagaTTCCAAGGAGAACTCT
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AGTTTitttttggaaa3’ and its cognate antisense oligonucleotide’- 5
agctttccaaaaaaAAACTAGAGTTCTCCTTGGAALctcttgaaTTCCAAGGAGA
ACTCTAGTTTgg3'; c-Met  #5: sense oligonucleotide: '-5
gatccAATTAGTTCGCTACGATGCAAttcaagagaTTGCATCGTAGCGAAC
TAATTttttttggaaa3’ and its cognate antisense oligonucleotide®- 5
agctticcaaaaaaAATTAGTTCGCTACGATGCAAtctcttgaaTTGCATCGTAG
GAACTAATTgg-3'. The 19-nucleotide c-Met target sequences areateti

in uppercase letters, whereas the 9-nucleotid@ihaind sequences necessary
for directional cloning are depicted in lowercasdtdrs. Each annealed
fragments were inserted into a pSilencer-2.1-hygdBovector (Ambion)
digested with BamHI and Hindlll, resulting in pshtdeand pshMet5. The
shMet4 and shMet5 gene expression cassette exfieed pshMet4 and
pshMet5 was then subcloned into the pSP72-E3 Adtlehuector using
EcoRI-Hindlll, generating pSP72-E3/shMet4 and pSBE3&hMet5. In
addition, to generate Ad expressing both shMet4 simdet5, U6-shMet5
region of pshMet5 was amplified by polymerase chaiaction (PCR) with
the following primer set: 5'-
GTCAAGCTTGAATTCCCCAGTGGAAAGACG-3' as the sense primer and
5-GTCGAATTCAAGCTTCCAAAAAAAATTAGTTCG-3 as the antisense

primer. The primers were designed to crddiredlll sites (underlined), and
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the pshMet5 containing U6-shMet5, was used as pltéen The PCR product
containing U6-shMet5 was digested wittindlll, and then was subcloned
into the pSP72-E3/shMet4, generating pSP72-E3/shhet The newly
constructed pSP72-E3/shMet4, pSP72-E3/shMet5, &Ri7p-E3/shMet4+5
E3 shuttle vectors were linearized with Xmnl andtremsformed with pdl-
AE1, a replication-incompetent Ad total vector esgirg lacZ, into
Escherichia coli BJ5183 for homologous recombimatigenerating the pAd-
AE1-shMet4, pAdAEl-shMet5, and pAdEl-shMet4+5 Ad vectors. To
verify homologous recombinants, plasmid DNA pudfizom overnightE.
coli cultures was digested with Hindlll, and the digastpattern was
analyzed. Correct homologous recombinant Ad pladbiith was digested
with Pacl and transfected into 293 cells to geefat-AE1-shMet4, AdAE1-
shMet5, and AAAE1-shMet4+5 Ads. E1l-deleted, replication-incompetsh
(Ad-AE1) was also prepared.
Generation of VEGF-, IL-8 -, or c-Met-specific shRNA-expressing Ads

All viruses were propagated in 293 cells, and jatfon, titration,
and quality analysis of all Ads used were perforraegreviously described.
The titer (plaque formingnits per ml, PFU/mI) used in this study was

determined by limiting dilution assay in 293 cells.
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Quantitation of VEGF, IL-8, c-Met, and MMP-2 by ELISA

Concentrations of Human VEGF-A, IL-8, c-Met, and MM in
conditioned medium, cell lysate, or tumor tissugatgs were measured using
commercially available ELISA kits according to ingttions provided by the
vendor (VEGF: R & D Systems, Minneapolis, MN; IL-8iosource
International Inc., Camarillo, CA; c-Met: Biosourtr@ernational Inc.). Cells
were plated in six-well plates in medium containit¥s FBS. When the cells
reached subconfluence, cells were infected with Atsdifferent MOIs.
Conditioned media and cells were harvested 72 ter afansduction for
recombinant Ads. To remove endogenously expressedium was replaced
with serum free DMEM 30 hr before each respectiaevést time point.
Tumor tissue was removed from mice and snap-frdmeliquid nitrogen.
Tissues were homogenized in ice-cold PBS with pmobehibitor cocktail
(Sigma, Cat #P8340). Homogenates were centrifugeda i high-speed
microcentrifuge for 10 min and analyzed for totadtpin content using a BCA
protein assay reagent kit (Bio-rad, Hercules, Q&vels of VEGF, IL-8, c-
Met, or MMP-2 in supernatant were determined by 3 khccording to the
manufacturer’s instructions. Serial dilutions ofrifiad recombinant human
VEGF-A, IL-8, c-Met, and MMP-2 were used to establistandard curves.

ELISA results were normalized relative to the tqiebdtein concentration in
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each sample and were calculated as picograms pigiram of total protein.
Tube formation assay

First, 250 pl of growth factor-reduced Matrigel (@borative
Biomedical Products, Bedford, MA) was pipetted irdol6-mmdiameter
tissue culture well and polymerized for 30 min at@G.HUVECSs incubated in
M199 containing 1% FBS for 6 hr were harvesfdr trypsin treatment and
suspended in M199 containing FBS. HUVECs were then plated onto the
layer of Matrigel at a density of 2 x 16ell/well, and conditioned media from
Ad-infected cells were added. VEGF (Upstate Biotedtbgy, Lake Placid,
NY) at 10 ng/ml and conditioned media from uninéettells were used as
controls. Cells were then allowed to form tubes 2r hr at 37°C, and
photographed (x40, x100). The area covered by tie thetworkwas
determined using an optical imaging technique inctvipicturef the tubes
were scanned into Adobe Photoshop and quantitetied) Image-Pro Plus
software (Media Cybermetics Inc., Silver Spring, MD
Ex vivo aortic ring sprouting assay

Aortas were harvested from Spradpewvley rats (6 weeks old), as
described previousl§. After removing the surrounding fibro-adipose tiss
and rinsing with Hank’s balanced salt solution (FB®uffer, aortas were cut

into 1 mm ring segments. Plates (48-well) were edatvith 120 pl of
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Matrigel; after gelling, rings were placedthe wells and sealed in place with
an overlay of 50 udf Matrigel. Conditioned media from Ad-infected Isel
(250 pl) were added to theells. VEGF (20 ng/ml, Upstate Biotechnology)
and conditioned media from uninfected cells werduss controls. On day 6,
cells were fixed and stained with Diff-Quidkach ringwas scored from 0
(least positive) to 5 (most positive) depending the degree of vessel
sprouting observed. Cultures were scanea double-blinded manner by three
independent observers.
In vivo Matrigel plug assay

U343 cells (2 X 1Dcells) were plated in 6-well plates and infected
with replication-incompetent Ad (AdE1l, AdAE1-shVEGF) or replication-
competent Ad (AdAB7, Ad-AB7-shVEGF), along with PBS as a negative
control. After 2 hr, treated cells were harvestitdr trypsin treatment, washed
three times with 5 ml of HBSS buffer. Cells wererthmixed with 60Qul of
cold Matrigel and injected with a 1 ml syringe irsiebcutaneous space above
the flank region of the male athymic nu/nu mice.eTihjected Matrigel
rapidly formed a single, solid gel plug. After 14yd, the animals were
sacrificed and the skin of each mouse was pulle#t bmexpose the Matrigel
plug, which remained intact. To quantify the blo@$sel formation, Matrigel

plugs were embedded in O.C.T. compound (Sakurad&ndorrance, CA),
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and cut into 1Q¢m sections. The cyrosections were treated withfipdria
monoclonal raanti-mouse CD31 (platelet/endothelial cell adhesimiecule
1; BD Biosciences PharMingen), at a dilution ofQldés a primary antibody,
and then with goat anti-rat IgG-HRP (Santa Cruzt&ibnology, Inc., Santa
Cruz, CA) as a secondary antibody. All slides weoainterstained with
Meyer's hematoxylin. Six mice were used for eaabugt
Migration assay

The lower surface of 6.5-mm-diameter polycarboridtiers (84um
pore size, Corning Costar, Cambridge, MA) was abbteimmersion in 0.1%
gelatin. Conditioned media from PBS or Ad-infectadls was placed in the
lower part of Transwell chambers, and HUVECs, Hep3B49, or U343
cells were placed on the filter membrane on thectmgmber. Cultures were
incubated at 37 °C for 4 hr, and cells remaining len upper surface of the
filter were removed with a cotton swab. Filters evstained with H&E, and
cells that migrated through to the underside of fiker membrane were
counted at 200x magnification. Ten fields were ¢edrfor each assay, and
experiments were repeated at least three times.
Matrigel invasion assay

In vitro invasion assays were carried out using Transshalnbers

with 6.5-mm diameter polycarbonate filters (Corni@gstar, Cambridge,

24



MA) according to the manufacturer’s instructio@®nditioned media from
Ad-infected cells were placéd the lower chambers and Hep3B, A549, or
U343 cells (1 x 10cells/ 100 pl) were seeded onto Matrigel-coatkdr§ in
the upper chambers. After 24 hr incubation, cefigsh® upper surface of the
filters were removed with a cotton swab, and fiterere fixed with 100%
methanol and stained with H&E. Cells that had irdtb the lower side of
the filters were viewed under an optical microscoppeasive activity is
expressed as the mean number of cells in ten ffetas three independent
experiments.
Gelatin Zymography

Gelatin zymography was performed in 10% SDS-—poljaortide
gels containing 0.1% gelatin. Samples with condiith media used in
migration and invasion assaere prepared in nonreducing loading buffer.
After electrophoresis, SDS was removed by renaturdiuffer (2.5% Triton
X-100) to renature gelatinases. Gels were therbaad in developing buffer
(50 mM Tris-HCI (pH 7.5)150 mM NaCl and 10 mM Caglfor 16 hr at
37°C, and then were stained with 0.25% Coomassigee BR 250. All
experiments were performed at least triplicate, and representative
experiments are shown.

MTT assay
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Cells were seeded in 24-well plates to 30-70% loenty and were
infected with AdAE1l-shMet4, AdAE1l-shMet5, and AdE1-shMet4+5 at
MOIs of 50 to 500. At indicated times post infeatio250 pLof 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium brase (MTT; Sigma
Chemical Corp.) in phosphate-buffered saline (PB&3 added to each well.
After 4 hr incubation at 3T, the supernatant was discarded and the
precipitate was dissolved with 1 ml of dimethylsuifle (DMSO). Plates
were then read on a microplate reader at 540 niras&hys were performed
in triplicate. Number of living cells was calculdtérom non-infected cells
cultured and treated with MTT in the same condjtiaas were the

experimental groups.

Reverse transcription (RT)-Polymerase chain reaction (PCR) analysis

U343 cells (3 x 19 in 6-well plates were transduced with A&1-
shMet4, AdAE1-shMet5, and AdE1-shMet4+5 at MOIls of 50 MOI. Forty-
eight hr later, the cells were harvested and RMA was extracted by using
the RNeasy mini kit (Qiagen, Valencia, CA) accogdino the manufacturer’s
instructions. For RT-PCR, lug of total RNA wagonverted to cDNA by
treatment with 200 units of M-MLV reverse transtageand 500 ng of

oligo(dT) primer in 50 mM Tris-HCI (pH 8.3), #8M KCI, 3 mM MgC}, 10
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mM dithiothreitol, and 1 mM dNTPs &7°C for 1 hr. The reaction was
stopped by heating at 70°C for 15 min. Two pl & ¢DNA mixture was then
usedor enzymatic amplification. PCR was perfornmmied0 mM KCI, 10 mM
Tris-HCI (pH 8.3), 1.5 mM MgGl| 0.2 mMdNTPs, 2.5 units offag DNA
polymerase, and 0.1 pM eaghprimers. The sequences of oligonucleotide
primers used in RT-PCR for verification of seneseeand the expected
transcript sizes are listed in Table 3. The angdiion was performed in a
DNA thermal cycler (model PTC-200; MJ Research) untier fbllowing
condition: denaturation at 94°C for 10 min for timstcycle and for 1 min
starting from the second cycle, annealih@5°C for 1 min, and extension at
72°C for 1 min folB0 repetitive cycles. The reaction was terminatéth &
final cycle of extension (72°C for 10 min). Semi-gtieative RT-PCR was
performed using-actin as an internal control to normalize generesgion

for the PCR templates.

Cell cycleanalysis

Cells were infected with AdE1 or AdAE1-Met4+5 Ads at an MOI
of 30. At indicated times post infection, trypsimizand floating cells were
pooled, washed with PBS, and fixed in 70% (v/v)aethl. For assessment of

DNA contents, cells were stained with Pl and maeidoby a fluorescence-
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activated cell sorter (FACS) (Becton Dickinson, ®&prale, CA). Cell cycle
distribution was determined with the Modifit LT gmam (Verity Software
House Inc.).
HGF specificity assay

U343 cells were seeded in 6-well plates to 20%loenty and were
infected for 6 hours with AdE1-shMet4, AdAE1-shMet5, and AdE1-
shMet4+5 at MOls of 50. After 24 hr Ad infectiorgram free media with or
without HGF/SF (R & D Systems, Minneapolis, MN) 2Bng/ml was added
to cells and the effects of c-Met inhibition wessted. After 48 hr the cells
were washed three times with phosphate-bufferedes@PBS) and cells on
the plate were then stained with 0.5% crystal Yimé&0% methanol.
Electron microscope (EM) cytology

U343 cells were infected with ANE1, AdAE1-Met4, AdAE1-
Met5, or AdAE1-Met4+5 at a MOI of 30. Three days postinfectioalls
were gently trypsinized and pelleted for 5 minutgs 3000 rpm in a
microcentrifuge tube. After washing with phosphbtéfered saline (PBS),
pellets were fixed for 4 hours ai*4in 2.5% glutaraldehyde in 0.1 M sodium
cacodylate buffer (pH 7.3) containing 2% sucrosé amM calcium chloride.
They were then postfixed with 1% Og® 0.1 M cacodylate-HCI, pH 7.4, for

1 hr. The samples were dehydrated in a gradiemgssef ethanol, embedded
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in Epon812, and examinined using an electron mooes (EM 902A, Zeiss,
Oberkochen, Germany).
Immunoblotting analysis

Cells grown in 100 mm dish were infected with AB1-shMet4, Ad-
AE1-shMet5, and AdkE1-shMet4+5 at MOI of 200. Three days postinfection
cells were lysed in 50 mM Tris-HCI (pH 7.6), 1% Naet P-40 (NP-40), 150
mM NaCl, and 0.1 mM zinc acetate in the presence pfotease inhibitors.
Protein concentration was determined using thentimninic acid method
(BCA assayPierce, Rockford, IL). Cell lysates or immunopréeifes were
fractionated by SDS-PAGE and transferred to polhdiene difluoride
(PVDF) membranes. Blocked membranes were then atedb with
antibodies against c-Met (diluted 1:50, Santa imechnology, Inc., San
Diego, CA) or p44/42 MAP kinase (Erk), phosphor-{#4 MAPK
(Thr202/Tyr204) (phosphor-Erk), MEK1/2, phosphoEKtl/2
(Ser217/221), Akt, phosphor-Akt (Ser473) (eachtddiul:500, Cell Signaling
Technology, Beverly, MA), and the immunoreactivendi® were visualized
using a using enhanced chemiluminescence (ECLY#S2miz Biotechnology,
Inc.).
Assessment of anti-tumor effectsin human xenograft model

Male athymic nu/nu mice were obtained from CharRiver
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(Yokohama, Japan) at 5-6 weeks of age. All miceewmused and handled in
accordance with the Animal Research Committee’sd@8inies at Yonsei
University College of Medicine, and all faciliti@se approved by AAALAC
(association of assessment and accreditation ofdédry animal care). Mice
were implanted with 1 x 700343 human glioma, Hep3B human hepatoma,
and A549 human lung cancer cells subcutaneoustil@rabdominal region.
When tumors reached an average size of 70-10C, mwmis were then
administered intratumorally (1 x 4PFU) on days 1, 3, and 5. First day of
treatment was designated as day 1. Tumor growthmessured three times
weekly by a caliper until the end of the study bgasuring the length and
width of the tumor. Tumor volume was calculatedngsithe following
formula: volume = 0.523/\~.
Evaluation of tumor xenograft by histology and immunochistochemistry

| used paraffin bloc slide to observe microvessgisity (MVD) in
tumor. Tumor tissue was fixed in IHC zinc fixati{@rmalin-free) (BD
Biosciences PharMingen, San Diego, CA), embeddgdiaffin, and cut into
3-um sections (Wax-it; Vancouver, Canada). Represgatatections were
stained with H&E or Masson's trichrome and then neixeed by light
microscopy. To observe microvessel density (MVD)lides were

deparaffinized in xylene and then processed asribescpreviously®. All
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slides were counterstained with Meyer's hematoxyBtood vessels were
counted as described previously. The most vascaea of tumors was
identified on low power (x100) and vessels werented in ten high-power
fields (x200). The data are presented as mean af ee tumors per group.
For detecting cleaved deoxynucleotic acids in dite, same paraffin slides
were also used and performed according to theuctstns in the ApoTaq
peroxidase in situ apoptosis detection kit (Chemikdernational, Temecula,
CA) ¥
Intratumoral microvessdl density assessment

Blood vessels were counted as described previdtiélyThe most
vascular area of tumors was identified on low po&00) and vessels were
counted in ten high-power fields (x200). The daw@esented as mean + SE
for three tumors per group.
Statistical Analysis

The data are expressed as meastandard error (SE), and the
significance of differences between group means determined by the
Mann-Whitney test (nonparametric rank sum testhgiStat View software
(Abacus Concepts, Inc., Berkeley, CA). Difference®re considered

significant when P < 0.05.
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1. RESULTS
Design of shRNAs directed to the VEGF mRNA

VEGF-A exists in seven different isoforms, VEGF-1245, 148, 165,
183, 189, and 206 amino acids in humans. Thegemerated as a result of
alternative splicing from a single VEGF pre-mRNATo generate interfering
RNAs that will degrade all seven VEGF isoforms,dsigined two siRNA
sequences that were within the VEGFMRNA (Fig. 1A). Two VEGF-
specific shRNA-expressing plasmids were then coosd to express
shRNAs under the control of a murine U6 promoteNgRpolymerase IlI-
dependent promoter). The 21-nucleotide VEGF-spetdigeting sequence
separated by a 9-nucleotide short spacer and fwyenitines (T5) as
termination signal were annealed and cloned intdep&er-2.1-hygro-U6
plasmid, generating VEGF-specific shRNA-expressilazmids, pshVEGF-1
and pshVEGF-2 (Fig. 1B). K562 cells were then tracted with 1ug of
pshVEGF-1 or pshVEGF-2, along with psc-shRNA plakigpSilencer-2.1-
hygro-U6 encoding scrambled sequence of RNA) asgative control. At
48 hr post transfection, RT-PCR was performed terd@ne the endogenous
level of VEGF mRNA expression. Relative amountskafPCR products for
VEGF were obtained by semi-quantitative PCR agdiresttin. As shown in

Fig. 1C, of the two VEGF-specific shRNA-expressinigsmids generated,
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pshVEGF-2 potently suppressed the expression of WBRNA (> 80%)
compared with pshVEGF-1 or control plasmid, psc/AROnN the basis of
these results, | selected shVEGF-2 as the fundtieh®®NA sequence

targeting VEGF and subsequently generated shVEE&kp&ssing Ads.

A siRNA sequences targeting VEGF gene
- ]
ATG 5 5
2 S
7 %
5 I [ | SRELe] | Ey
(124144 (379-399)
siRMA for VEGF Positionin VEGF mBNA Sense sequence (5'-3)
SIVEGF-1 124144 AAGTTCATGGATGTCTATCAG
SIVEGF-2 3790.399 ARATGTGAATGCAGACCAAAG
B
shVEGF-1:
gatcccAAGTTCATGGATGT CTAT CAGHcaagagaCTGATAGACATCCATGAACTTH g yaaa
loop sequence
shVEGF-2:
gatcccAAATGTGAATGCAGACCAAAGHCAagagaCT TTGGTCTGCATT CACAT TTHttggyaaa
loop sequence
1 2 3 4

cC
“— g-actin
“— VEGF-A

1: K662 cell only 2: psc-shRNA 3: pshVEGF-1 4: pshVEGF-2

Figure 1. Design and characterization of vascutatothelial growth factor
(VEGF)-specific small interfering RNAs (siRNAs). YALocation of two

VEGF-specific sSiRNAs examined in this study. (Bg8ences for generating
two shRNA targeting VEGF, shVEGF-1 and shVEGF-2.gkRNA-mediated
in vitro knockdown of VEGF gene. Cells were transfected 48rhr with

pshVEGF-1 or pshVEGF-2, and the knockdown of endoge expression
was measured by RT-PCR for VEGF. Densitometric \aiglwas done and

the relative expression for each band was nornehliath g-actin.
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Construction and effects of shVEGF-expressing replication-competent Ad
on the expression of VEGF

Although siRNA method is powerful genetic tool targeting specific
knock-down, direct delivery of synthetic siRNA ifatlenging. | therefore
chose replication-competent oncolytic Ad and inigeged whether shRNAs
can be delivered and more importantly functiona#lievant in cancer cells.
Previously, we constructed cancer-specific reghcgE1A-mutated (at the Rb
binding sites of E1A) and E1B-deleted Ad, A&7 *°. Ad-AB7 showed
significantly improved cytopathic effect and viraplication in a cancer cell-
specific manner. To induce efficient and long-teMEGF silencing, |
introduced shVEGF-2 under the control of an U6 mtanat the E3 region of
Ad-AB7, generating AdAB7-shVEGF oncolytic Ad.

To investigate whether VEGF-specific ShRNA couldogiate VEGF
expression, U343 glioma cells were infected with-A®87 or AdAB7-
shVEGF at an MOI of 10 and 20. Non-infected celeye used a negative
control. After 24 and 48 hr, the conditioned med&s harvested and VEGF
ELISA was carried out. Surprisingly, the expressém secretion of VEGF
was significantly reduced in cells cultured in theesence of conditioned
media infected with both AdB7 and AdAB7-shVEGF (Fig. 2A). The

significant suppression of VEGF expression by A®if and AdAB7-
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shVEGF oncolytic Ads that was observed in the Ugdls was also true in
the other cancer cell lines (U87MG, Hep3B, and Hefbnsistent with our
findings, other investigators have also reporteat $uppression of VEGF
expression by E1A-expressing replication competids >°2 To further
demonstrate the effect of E1A-expressing replicatompetent Ads in
reducing VEGF expression, U343 cells were infecteith replication-
incompetent El-deleted Ad (AtEl) and replication-competent E1A-
expressing Ads (YKL-1, A&xB7, Ad-AB7-shVEGF) at an MOI of 10 and 20.
As shown in Fig. 2B, the VEGF protein level wasn#igantly decreased in
U343 cells infected with YKL-1, AdvB7, and AdAB7-shVEGF Ads in an
MOI-dependent manner as compared to those in icdflsted with AJAE1.
Consistent with previous findings, data presentetk ttlearly demonstrate
that E1A-expressing replication-competent Ads segprVEGF expression
through a preserved E1A region.
Construction and effect of shVEGF-expressing replication-incompetent Ad
on the expression of VEGF

Since E1A protein down-regulates VEGF expressionneixt
constructed El-deleted replication-incompetent Agbressing shVEGF-2,
Ad-AE1-shVEGF, to investigate whether shRNA targetingGF would

knock-down VEGF expression. To determine the eftédcthRNA expression
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on VEGF protein levels, a panel of cancer celldifg343, Hep3B, Hepl,
C33A, UB7MG, and A549) was transduced with Ag1 or AJAE1-shVEGF
at various MOIs. Four days following transductionEGF ELISA was
carried out on cell supernatant. Uninfected cellse used as a negative
control. As shown in Fig. 2C, the VEGF protein leveas significantly
decreased in all cancer cell lines transduced WihAE1-shVEGF in an
MOI-dependent manner. In contrast treatment of scellith AdAE1,
regardless of the applied MOIs, was ineffective.rMepecifically, AdAE1-
shVEGF almost completely knock-downed VEGF expoessn the U343
cells at MOls of> 100 @ < 0.001 versus AdE1) and this was also true in
other cancer cell lines (Hep3B, Hepl, US7MG) ahhidOls. Despite the
reduction in endogenous VEGF protein secretion by-AE1-shVEGF-
transduced cancer cells, the growth rate of thelie was not different from
those cells transduced with Ad=1. Together, these data show that shVEGF-
expressing replication-incompetent Ad, A#&l-shVEGF, reduces VEGF
expression with high efficiency.
Ad-AE1-shVEGF inhibits angiogenesisin vitro and in vivo

To determine the functional relevance of VEGF shRNAfirst
examined its effects on inhibiting capillary tulmerhation of HUVEC cellsn

vitro. HUVEC cells seeded onto Matrigel-coated platesevincubated in
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Figure 2. Quantification of VEGF. Human U343 gliomells were infected

with Ad-AB7 or AdAB7-shVEGF Ad (A) and A&AE1, YKL-1, Ad-AB7, or

Ad-AB7-shVEGF Ad (B) at an MOI of 10 and 20. VEGF camication was

measured in the culture supernatant at 24 hr antir4&fter infection by

ELISA. (C) Various human cancer cell lines weres$duced with AAAE1L or

Ad-AE1-shVEGF replication-incompetent Ad at range of-4G00 MOIs.

VEGF concentration was measured in the culture reapent at 96 hr after

transduction by ELISA. Each value represents thammeSE of at least three

independent experiments.
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the presence of medium supplemented with humanmigioant rVEGhes
protein (10 ng/ml), medium conditioned by U343 cohtcells, AdAE1-
transduced cells, or AdE1-shVEGF-transduced cells.

There was no effect within 12 hr of treatment wibnditioned
media from AJAE1-shVEGF-transduced cells, but the inhibition waislent
at 16 hr and more clearly pronounced at 20 hr withimal cytotoxicity.
Treatment with human recombinant rVEfgfprotein and the conditioned
medium collected from AdE1-transduced U343 cells led to the formation of
organized elongated tube-like structures resembbagillaries with an
extensive network (Fig. 3A). However, in the praseof AAAEL1-sShVEGF-
transduced cells’ conditioned medium, no such omgah structures were
observed and the plate was filled with incompledemork of a capillary-like
structure. The conditioned medium from A&--transduced cells only had a
mild effect, leading to 8.6% inhibition of tube foation, whereas the
conditioned medium from AdE1-shVEGF-transduced cells reduced the
relative tube length by 49.29%° (< 0.05versus Ad-AE1) (Fig. 3C). These
findings demonstrate that shVEGF-expressing Ad, AM&d-shVEGF,
functionally inhibits the formation of tube-like rgttures in thein vitro

matrigel tube-formation assay.
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Next, | tested the ability of AdE1l-shVEGF to inhibit vessel
sprouting using rat aortic rings (explants) embeduohe Matrigel beds. The
Matrigel bed mimics physiological extracellular miat representing its
natural composition and architecture. Due to tHeatures, Matrigel enables
several cell types, including endothelial cellsmaintain in culture theim
vivo phenotype in 3-dimensional organization. The miessel sprouting was
demonstrated by staining the aortic rings with {Qiffick as described in the
materials and methods section. When aortic ringsewcultured in U343
cells’ conditioned medium, rapid microvessel outgitowas observed within
6 days (Fig. 3B). The extent of angiogenesis waspawable to that observed
in the presence of human recombinant rVE&protein (20 ng/ml). In
marked contrast, the aortic rings cultured in thespnce of Ad\E1l-
shVEGF-transduced cells’ conditioned medium shoii#d or no sprouting
(P < 0.001versus Ad-AE1). A marked delay in outgrowth of the sproutshwit
smaller number of microvessels and branches wasradxs in the AJAE1-
shVEGF-transduced cells’ conditioned medium-treatedic rings (Fig. 3D).
The data further confirms the potent inhibition asfgiogenesis induced by

Ad-AE1-shVEGF.
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Figure 3. Characterization of replication-incompétad expressing VEGF-
specific shRNA. (A) Inhibition of tube formation by}d-AE1-shVEGF.

HUVEC cells were plated on Matrigel-coated plated then incubated in the
presence of medium supplemented with human recanbprotein rVEGIs,

medium conditioned by U343 control cells, A&l-transduced cells, or Ad-
AE1-shVEGF-transduced cells. After 20 hr, changeselhmorphology were
captured using an inverted microscope (x40, x2(#))The area covered by

the tube network was quantified using Image-Pre Bhftware. Experiments



were repeated three times and values are meariplimfates of representative
of three independent experiment; bars, £+ SEP* 0.05versus Ad-AE1
treatment. (C) Inhibition of vessel sprouting by-AB1-shVEGF Rat aortic
rings in Matrigel were cultured in the presencenefdium supplemented with
human recombinant protein rVE@E medium conditioned by U343 control
cells, AdAE1-transduced cells, or AdE1-shVEGF-transduced cells, and
stained with Diff-Quick on day 6. Representativertigo rings were
photographed. Original magnification: x40. (D) Massprouting index. *P <
0.001versus Ad-AE1 treatment. The assay was scored from O (leastiv)
to 5 (most positive) and the data are presentedeas (n=6). Each data point

was assayed in sextuplets.

I next examined whether AGE1-shVEGF and Ad\B7-shVEGF
Ads are capable of blocking angiogendsisivo. U343 cells were infected
with replication-incompetent Ads (AdE1 and AJAE1-shVEGF) at an MOI
of 200 or replication-competent Ads (AB7 and AJAB7-shVEGF) at an
MOI of 10. Infected cells were then mixed with colthtrigel and injected
into subcutaneous space above the flank regiorrtéau days later, formed
Matrigel were excised and photographed. Matrigelgpl mixed with cells

infected with AJAE1 or AdAB7 were abundantly filled with angiogenic
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vessels (Fig. 4A). However, Matrigel plugs mixedhwcells infected with
VEGF-specific shRNA-expressing Ads, AdEl-shVEGF and AdB7-
shVEGF, had markedly reduced vascularization dfterdays. The newly
formed vessel contents inside the Matrigkigs were then quantified by
counting CD31-positive microvessels (Fig. 4B-C)edtment with ACAE1-
shVEGF or AdAB7-shVEGF significantly reduced the number of blood
vessels by 76.5%P(< 0.001, versus AdE1) and 63.2%R < 0.001, versus
Ad-AB7), respectively, as compared to their cognatdrobigroups. These
results indicate that replication-incompetent apglication-competent Ads
are capable of expressing functional shVEGF, anficiexftly inhibit

angiogenesim vivo.
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Figure 4 VEGF-specific ShRNA-expressing Ads inhibit vascidation in the
Matrigel plug assay. Male athymic nu/nu mice warjedted s.c. at the flank
region with Matrigel mixed with U343 cells infectedth Ad-AE1, AdAE1-
shVEGF, AdAB7, or AdAB7-shVEGF. Matrigel plugs were removed 14
days after implantation, photographed, and prep@yednmunohistological
examination. Six mice were used for each group.RApresentative images
of Matrigel plugs removed from mice showing redoeti in plug
vascularization by AdkE1-shVEGF- and A&AB7-shVEGF-treated cells. (B)
Immunohistochemical staining of sections of Matrigkigs with anti-CD31
antibody shows reduced numbers of endothelial eslts vessel structures in
Ad-AE1-shVEGF- and AdB7-shVEGF-treated plugs. Original
maghnification: x400. (C) The numbers of blood vésae x100 were counted
and averaged. Each column represents the mean £t8& lblood vessels per

group. *, **; P < 0.001lversus Ad-AE1 or AdAB7 treatment, respectively.

ShVEGF expression does not inhibit viral replication

To determine whether virally expressed shVEGF edtewiral
replication, VEGF-specific shRNA-expressing repiiea-competent Ad, Ad-
AB7-shVEGF, was examined for its potential to indag®pathic effects. The

assay is based on the idea that at low concemgatigiruses need to go
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through multiple rounds of infection, replicatiomijral release, and re-
infection of surrounding cells in order to complgtevipe out a cell
monolayer. Various cancer cells (A549, Hepl, U3487MG, Hep3B, C33A)
were infected with AdAB7 or AdAB7-shVEGF at MOls of 0.1-20. For a
negative control, cells were infected in paralléhweplication-incompetent
Ad, Ad-AEL. As seen in Fig. 5A, virally induced cytopathftect appeared to
be same or slightly faster in AAB7-shVEGF as compared to AB7. This
result was consistent over several independentriex@ets, suggesting that

shVEGF expression does not inhibit viral replicatio
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Figure 5. Cytopathic effects of shVEGF-expressingatytic Ad. Cells were
infected with AJAE1, AdAB7, or AdAB7-shVEGF at the indicated MOls.
At 4 ~ 10 days post-infection, surviving cells wstained using crystal violet.
Replication-incompetent Ad, AAE1, served as a negative control. Each cell
line was tested at least three times, and data rstzmer from representative

experiments.
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Enhanced anti-tumor effect of shVEGF-expressing oncolytic Ad

Results from the matrigel plug assay showed thanB@d-shVEGF
Ad was notably more potent in inhibiting angiogesdisan AdAE1-shVEGF
Ad. Therefore, the oncolytic Ad expressing VEGREgfic shVEGF, Ad-
AB7-shVEGF, was subsequently assessed for itsyatulguppress the growth
of U343 human glioma xenograft model establishedide mice and its
effects were compared against that of its cognatgral Ad, AdAB7. This
U343 tumor model exhibits aggressive tumor growtietics. Tumors were
generated by subcutaneous injection of cells inéorhice abdominal region.
When tumors reached an average size of 70-106, numors were injected
intratumorally with PBS, AdAB7 (1 x 16 PFU), or AdAB7-shVEGF Ad (1 x
10° PFU) every 2 days for a total of three times (Q2Dxs seen in Fig. 6A,
control tumors increased to an average size of 27ZDmn? by 48 days after
the treatment. By day 48, all mice became morikiarttie control group and
thus euthanized. In marked contrast, 287 or AdAB7-shVEGF Ad-treated
tumors reached to an average size of 1660 + 408 anch504 + 195 mirby
48 days, showing a 37.69% < 0.01, versus PBS control) and 81% growth
inhibition (P < 0.001 versus PBS arl< 0.01 versus Ad\B7), respectively.
Throughout the course of the study, no systemidcityx such as diarrhea,

loss of weight, or cachexia was observed. Surviatd was also significantly
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increased in animals treated with A87-shVEGF Ad. By day 70 following
treatment, 100% of the animals in the AB7-shVEGF Ad group were still
viable as compared to 38% in the ABY-treated groupR <0.01). In
comparison as mentioned previously all animalshim PBS-treated control
group were euthanized by day 48 (Fig. 6B). Thesta dadicate that
suppression of VEGF expression by oncolytic Ad siadng inhibitory effects
on tumor growth, resulting in increased survivalorigbver, no apparent
toxicity was noted in animals that received this dding the course of these

experiments.
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Figure 6. shVEGF-expressing oncolytic adenovirusM&Y-shVEGF and the

growth of established tumors and survival of mi8abcutaneous implanted
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tumors derived from U343 human glioma cells weeatied with AdAB7 (m)
or Ad-AB7-shVEGF ¢), along with PBS«) as a negative control. (A) Tumor
volume was monitored over time (days) after treatnvdth Ads. The arrow
indicates when treatment was given (1 X BFU/mouse). Values represent
the means + SE for eight animals per group. (B)r@lesurvival. The survival
analysis of Ads treated mice were performed ovyegréod of 70 days. By day
48, all mice in the PBS-treated groups were mouband euthanized. In
comparison, 100% of mice treated with AB7-shVEGF were viable after 70
days.
Antiangiogenic effects of VEGF-specific shVEGF-expressing oncolytic Ad,
Ad-AB7-shVEGF, in U343 human glioma xenografts

To verify the proposed mechanism of action of VESpEEcific
shVEGF-expressing oncolytic Ad, AtB7-shVEGF-treated tumors were
further investigated by histological examinationniors were harvested from
each treatment group at 7 days following the tlseguential treatments. As
seen in Fig. 7A, a marked decrease in number d¢f eald large areas of
necrosis was replaced by fibrous tissue was obdénvad-AB7-shVEGF Ad-
treated tumors. Majority of remaining tumor massated with AJdAB7-
shVEGF was necrotic, whereas necrotic lesions warely detectable in the

tumors treated with PBS or AGB7. To determine whether the reduced size
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of Ad-AB7-shVEGF-treated  tumors  coincided  with  reduced
neovascularization, microvessel density as assessegd anti-CD31 antibody
was determined. A marked decrease in number amd a$iZZD31-positive
vessels was observed in AB7-shVEGF Ad-treated tumors. Quantitation of
microvessels showed that density was reduced 9o g < 0.001) and
76.7% P < 0.001) in response to AMB7-shVEGF Ad treatment as compared
to PBS and AAAB7 Ad treatment groups, respectively (Fig. 7B). pjmic
cells were also more abundantly detected inM¥-shVEGF-treated tumor
tissue than in PBS- or AdB7-treated tumor tissue.

Viral persistence and distribution within the tummoass was also
examined by immunohistochemistry using an antibgplycific to Ad hexon
protein. Ad particles were detected in wide arda8dbAB7-treated tumors,
most frequently in the peripheral tumor area andoétween the area of
necrosis and proliferating tumor cells. In comgani few numbers of big
clusters of Ad particles in patch style were detédh the peripheral tumor
area of AdAB7-shVEGF-treated tumors (Fig. 7A). This stainingttern
observed in the tumors treated with AB7-shVEGF indicates that viral
replication occurred actively only in tumor areavaid of necrosis. Moreover,
a marked reduction in VEGF expression was measimgdELISA in

homogenates of tumors from the A&7-shVEGF oncolytic Ad-treated
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group (Fig. 7C). VEGF ELISA demonstrated that meatt of AdAB7-

shVEGF Ad resulted in 64.99%°(< 0.001) and 47.4%P(< 0.05) reduction
compared to tumors treated with PBS andAR¥F, respectively. This result
closely parallels and supports the decreased nealaaization in the tumor
mass and enhanced anti-tumor effect of VEGF-spestiVEGF-expressing

oncolytic Ad.
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Figure 7. Antiangiogenic effects of VEGF-specifihRNA-expressing
oncolytic Ad, AdAB7-shVEGF, in U343 human glioma xenografts. (A) H &

E staining (H &E). Blood vessel density was ass#ssby
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immunohistochemical staining for CD31; Hematoxylicounterstained
(CD31). Brown staining indicates positive stainify endothelial cells.
TUNEL staining of apoptotic cells in tumor tissumgethyl green counter
stained (TUNEL). Tumors treated with AB7-shVEGF exhibited significant
increase in apoptotic levels. Greater dark browale with double-strand
DNA breaks (indicated by an arrow) can be seemunors treated with Ad-
AB7-shVEGF as compared to PBS- or AB7-treated groups.
Immunohistochemical staining of Ad hexon proteinldoalize Ad in tumor
tissue; Hematoxylin counterstained (Ad hexon). Afétted cells stain brown
as indicated by an arrow. Original magnificatiord08. (B) The mean
microvessel density for each treatment group wésrohkined by counting the
number of CD31-positive vessels in ten high-poweld$ (x200) of each
section in a blinded fashion. Three tumors per graere analyzed, and all
data are shown as mean * SEP* 0.001versus PBS or AdAB7 treatment.
(C) VEGF contents in tumors. Treatment of AB7-shVEGF Ad results in
significant reduction in VEGF levels as comparedréatment of PBS or Ad-
AB7. Each data point represents mean VEGF levelsdoh individual tumor
(7 mice per group) and the mean VEGF level for egohp is represented by

a line. VEGF level is expressed as picograms phigraim of total protein.
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Improved efficacy of oncolytic Ad-mediated SIRNA expression over
replication-incompetent Ad-mediated SIRNA

To better understand the time-course and magnitidéhe gene
silencing effectin vitro, | treated U343 cells with either AtsE1-shVEGF at
an MOI of 100 or AdAB7-shVEGF at an MOI of 0.1, and assessed its gene
silencing effect at various time points. The ragilenfor the difference in MOI
for the two Ads is based on the fact that the onimAd is highly efficient in
its cell killing effect that if the MOI is too higthe interpretation of the data
would be too difficult. As expected, on days 3 &ndfter AAE1-shVEGF
treatment, VEGF expression levels were 80% and @ifér than those from
untreated control, respectively, demonstrating éffecient suppression of
VEGF expression of AdE1-shVEGF up to 7 days after transduction (Fig.
8A). However on day 14, the ANE1-shVEGF’s efficacy was significantly
attenuated, showing only 48% suppression comparemtreated control. In
marked contrast, VEGF expression level was notblisieduced in cells
infected with AdAB7-shVEGF even until day 7. However, by day 14 VEGF
expression was significantly suppressed by 98%, odstrating that the
propagation, amplification and release of viralgaay to neighboring cells
takes ~two weeks to see the functional effecthimrmodel system.

I next compared the duration and magnitude of siRhdiated
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gene silencing elicited by AdE1-shVEGF and AdsB7-shVEGFin vivo.
When U343 tumors reached an average size of 70/108) tumors were
injected intratumorally with PBS, or with 3 x 1@FU of either AdAE1-
shVEGF or AdAB7-shVEGF Ad every 2 days for a total of three sme
(Q2Dx3). Tumors were then harvested at day 7 andf@t viral injection,
and VEGF expression was measured by ELISA. As showifrig. 8B,
following 7 days of treatment, a marked suppresefoiEGF expression was
observed in tumor tissues treated with Ag1-shVEGF or AdAB7-shVEGF,
resulting in 58.5% and 87.3% reduction compared®BS-treated control
tumors, respectively. On day 21 however, there alm®st no suppression of
VEGF expression for those tumors treated withA#it-shVEGF. In contrast,
VEGF expression was significantly suppressed b§%2n the tumor treated
with Ad-AB7-shVEGF compared to PBS-treated control tumorthéinsame
time period. These results demonstrate ithatvo, replication-competent Ad-
mediated siRNA expression results in improved afficas well as sustained

gene silencing effect over replication-incompetsht
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Figure 8. Time-course and magnitude of the VEGFeggtencing effect of
Ad-AE1-shVEGF or AAB7-shVEGF Ad. (A) Human U343 glioma cells
were treated with AdE1-shVEGF or AAAB7-shVEGF Ad at an MOI of 100
or 0.1, respectively. VEGF expression level wagssed at 3, 7, and 14 days
after viral treatment. Each value represents thanme SE of at least three
independent experiments. (B) U343 xenograft modelsre injected
intratumorally with PBS, 3 x FPFU of either AAE1-shVEGF or AAB7-
shVEGF Ad every 2 days for a total of three tim&éamors were then
harvested on day 7 and 21 after Ad administratioth subjected to VEGF
ELISA. VEGF level is expressed as picograms peligraim of total protein.
Results represent the mean + SE of three animalgrpap.

I dentification of effective SRNA sequences and generation of replication-
incompetent Ads expressing shRNA specificto IL-8

To identify siRNA effective sequences against IU-8xamined four

53



SsiRNAs targeting different regions of human IL-8 MR (gi:28610153) as
described in Table 1. Of the various cancer celedi assessed, Hep3B
expressed the highest IL-8 levels. To evaluate iples®ff-target effects,
Hep3B cells were also transfected with siRNA spedié lamin A/C and
luciferase. Relative amounts of IL-8 were measurgdemi-quantitative RT-
PCR, normalized tg-actin. As shown in Fig. 9A, of the four siRNAs
synthesized, IL-8 siRNA No2 (194-212) most potently suppressed the
expression of IL-8 mMRNA (> 90%). Transfection witamin A/C- and
luciferase-specific SiRNA resulted in no significalteration of IL-8 RNA
expression compared to non-transfected HepB d@ifsthe basis of these
results, IL-8IRNA No.2 was chosen to generate shRNA specifilt 8 for
use in subsequent experiments.

Table 1. Sequences of the four IL-8-specific sSIRNAs examiimethis study

Number positions sequences
#1 178 — 198 caaggagtgctaaagaact
#2 194 - 212 gaacttagatgtcagtgca
#3 250 - 270 aagaactgagagtggdtga
#4 279 — 297 cacactgcgccaacaeaga

Two IL-8-specific shRNA-expressing replication-omapetent

adenoviruses, AdE1-U6shIL8 and AAAE1-CMVshIL8 (Fig. 9B), were
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constructed to express shRNAs under the contrtheimurine U6 promoter
(RNA polymerase lll-dependent promoter) and the Clddmoter (RNA
polymerase ll-dependent promoter), respectivelye Ti®-nucleotide IL-8-
specific targeting sequence, separated by a 9-wtigéde short spacer and
including five thymidines (T5) as a termination read) was annealed and
cloned into the pdhE1 adenoviral total vector, generating AB1-U6shIL8

and AdAE1-CMVshILS.
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Figure 9. Characterization of IL-8-specific smaitearfering RNAs (SIRNAS)
and the structure of adenoviruses used in thisysti#) siRNA-mediatedn
vitro knockdown of IL-8 transcripts. Cells were transéecfor 48 hr with four

IL-8-specific SIRNAs, along with siRNA specific tamin A/C and luciferase
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as controls. Knockdown of endogenous expressionmessured by RT-PCR
for IL-8. Densitometric analysis was performed &gl relative expression of
each band was normalized fieactin. (B, C) Schematic representation of the
genomic structure of adenovirus vectors used.
Comparison of U6 and CMV promotersin I L-8 knockdown in vitro

To compare promoter efficiency in the knockdowrle8 expression,
a panel of cancer cell lines (Hep3B, Huh7, HeplpGi& U87, U251N, U343,
and A549) was transduced with Ade1l, AdAE1-CMVshIL8, or AdAE1L-
U6shIL8 at various MOIs. Non-transduced cell linesre also used as
negative controls. After 72 hr, conditioned mediasvharvested and an IL-8
ELISA was carried out. As shown in Fig. 10A, thethesis and secretion of
IL-8 was significantly reduced by ANE1-U6shIL8. In Hep3B cells, IL-8
levels was decreased by 73.7% and 73.B% (.05 andP < 0.05) compared
to non-transduced and control adenovirus M&dt)-transduced cells, whereas
the reduction was only 8.2% and 7% with AB1-CMVshIL8. This efficient
knockdown of IL-8 by AJAE1-U6shIL8 was also observed in each of the
other cancer cell lines tested. Moreover, A1-U6shIL8 strongly silenced
IL-8 expression even at low MOls, whereas a notaigher MOI of ADAE1-
CMVshIL8 was needed for effective knockdown (FigdB). Despite the

reduction in endogenous IL-8 protein secretion bg-Mc1-U6shIL8-
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transduced cancer cells, the growth rate of theie was not different from

cells transduced with AdE1. Together, these data show that IL-8-specific

shRNA-expressing Ads reduce IL-8 expression, anakenimportantly, that

the U6 promoter is much more effective in driving8-specific shRNA

expression than the CMV promoter.
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supernatants 72 hr after transduction by ELISA. GBS versus Ad\E1l
treatment. (B) Dose-dependent suppression of Ix@ession by AAEL-
CMVshIL8 and AdAE1-U6shIL8. Each value represents the mean + S of
least three independent experiments. *P<0.05 vekdusE1 treatment.
Effect of IL-8-specific sShRNA expression on the function of endothelial
cellsin vitro

| investigated the effects of Ad-mediated IL-8-dfiecsShRNA
expression on the migration of HUVE@svitro. Conditioned medium from
A549 cells transduced with AGE1-U6shIL8 reduced the migration of
endothelial cells by 48.8%(< 0.001 compared to AJE1). In comparison,
conditioned medium from AdE1-CMVshIL-8-transduced cells inhibited
migration only 24% P < 0.05 compared to AdE1) (Fig. 11A). Nearly
identical results were observed using conditionediiom from Hep3B cell

lines.

| then assessed the functional effect of Ad-medidte8-specific
ShRNA expression on capillary tube formatiornvitro. HUVEC cells seeded
onto Matrigel-coated plates were incubated in tmes@gnce of medium
supplemented with human recombinant rVE&protein (10 ng/ml) or with

conditioned medium from AdEl-, AdAE1-CMVshIL8-, or AdAE1-
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U6shIL8-transduced cells. As shown in Fig. 11B,dibaned medium from
Ad-AE1-U6shiL8-transduced cells effectively inhibited UYIEC tube
formation, whereas rVEGEs and conditioned media collected from A&:1-
and AdAE1-CMVshlIL8-transduced cells resulted in the folipraof robust,
elongated tube-like structures, which were orgahimemuch larger numbers
of cells. In particular, conditioned medium from-A&1-U6shIL8-transduced
cells diminished relative tube length by 65.5P6< 0.001 compared to Ad-

AE1, Fig. 11C).

Microvessel sprouting was demonstrated by stairdogtic rings
with Diff-Quick, as described in materials and noeth. As shown in figures
11D and 11E, a marked delay in the outgrowth obsr from explants, with
a regression in both the number of microvesselstlamesiumber of branches,
was observed in aortic rings treated with condébmedium from AdAE1-
U6shlIL8-transduced cells, showing a decrease imtimeber of microvessels
of 68.2% P < 0.001) and 65%H< 0.001) compared to untransduced and Ad-
AE1-transduced conditioned media, respectively.omrast, neither AdxE1l
nor AdAE1-CMVshIL8 had an inhibitory effect on microvessalprouting
from aortic rings. In fact, the extent of the ckgiy network was comparable

to that observed in the presence of conditioneditmedrom untransduced
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cells. These data further confirm the potent irtlohiof angiogenesis induced
by Ad-AE1-U6shIL8.

Effect of |L-8-specific sShRNA expression on tumor cell migration, invasion,
and MMP-2 expression

I next examined the effect of IL-8-specific shRNApeession on
tumor cell invasion. Quantitative analysis showhdttconditioned media
collected from AdAE1-U6shIL8-transduced Hep3B and A549 cancer cells
effectively blocked cellular migration and invasiafter 24 hr; by 57.9%(<
0.05versus Ad-AE1) and 54%PR < 0.05versus Ad-AE1) for Hep3B cells and
by 61.1% P < 0.05versus Ad-AE1) and 53.3%R < 0.05versus Ad-AE1) for
A549 cells (Fig. 12A, 12B). In contrast, conditiodneedia collected from
non-transduced and AfE1-transduced cells, failed to affect migration and
basal invasion of cancer cells.

MMP expression on cancer cells as well as vasaunldothelial cells
has been shown to regulate neovascularization yareing peri-cellular
fibrionolysis and cellular locomotion. Of the numbef MMP family
members, MMP-2 plays a critical role in the angiugeswitch during

carcinogenesis. By using conventional gelatin zyraply, | compared
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Figure 11. Effects of Ad-mediated IL-8-specific $#¥R expression on
migration, tube formation, and vessel sproutingeofilothelial cells. (A)
HUVEC cell migration. Migratory cells are repressshtas the number of
migrated cells per high-power field (200x). Tenldi& were counted in
triplicate from each sample. bars, + SEP* 0.05versus Ad-AE1 treatment;
** P < 0.001lversus Ad-AE1 treatment. (B, C) Tube formation assay. (B)
HUVEC cells were plated on Matrigel-coated plates alensity of 2 x 10
cells/well and incubated in the presence of mediupplemented with human
recombinant rVEGEs (10 ng/ml), control conditioned medium from Hep3B
cells, or conditioned medium from AtE1l-, AdAE1-CMVshIL8-, or Ad-
AE1-U6shlIL8-transduced cells. After 20 hr, changesdll morphology were
captured using an inverted microscope. Originalmifagtion: 40x and 100x.
(C) The area covered by the tube network was dfigthtusing Image-Pro
Plus software. Experiments were repeated threestand values are means of
triplicate measurements from one representativeraxent; bars, + SE. **P

< 0.001versus Ad-AE1 treatment. (D, E) Aorta ring sprouting assay) (D
Aortic rings in Matrigel were cultured in the prese of medium
supplemented with human recombinant rVEg&F(20 ng/ml), control
conditioned medium from Hep3B cells, or condition@édium from Ad-

AE1-, AdAE1-CMVshIL8-, or AdAE1-U6shIL8-transduced cells for six
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days, then stained with Diff-Quick. Representatigertic rings were
photographed. Original magnification: 40x. (E) Tdmsay was scored from 0
(least positive) to 5 (most positive) and datapaesented as mean + SE (n=6).

** P < 0.001versus Ad-AE1 treatment.

gelatinolytic activity of MMP-2 in response to AE1-, AdAE1-CMVshILS,
and AdAE1-U6shlIL8-transduced U343 and U251N cancer cédsshown in
Fig. 12C, MMP-2 gelatinolytic activity was reducéud Ad-AE1-U6shIL8-
transduced cells, whereas A&1- or AAAE1-CMVshIL8-transduced cancer
cells showed MMP-2 activity similar to the levelsserved for parental cells.
ELISA gquantitation of MMP-2 protein in A549 canceells transduced with
Ad-AE1-U6shIL8 indicated that a reduction in the MMPstbtein level
closely paralleled the observed loss of MMP-2 gatdytic activity (Fig.
12D). These results strongly suggest thatAd-U6shIL8inhibits invasion

of cancer cells, presumably through the inhibitdMMP-2 activity.
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Figure 12. Inhibition of cancer cell migration, asion, and MMP-2
expression by AAAE1-U6shIL8. (A) Quantitative evaluation of Hep3Bdan
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treatment. (B) Tumor cell invasiveness was quatifis the mean number of
cells in ten fields of view per filter. Experimenigre performed in triplicate
and repeated three times, means + SE are showhs<*).05versus Ad-AE1
treatment. (C) Zymographic detection of secretethtiomse activity in

conditioned media from U343 and U251N cells treatégtd AdAE1, AJAE1-

64



CMVshIL8, or AAAE1-U6shIL8. This is one representative result fitbinee
independent experiments. (D) Modulation of MMP-2tpin expression in
A549 cells transduced with Ads. Human MMP-2 concardn in conditioned
media was determined by ELISA. Each bar repregatsnean + SE (n = 3).
*, P < 0.05versus Ad-AE1 treatment. **P < 0.001versus Ad-AE1 treatment.
Generation and characterization of oncolytic Ad expressing shiL-8

To induce long-term IL-8 silencing, | introducedIls#8 under the
control of CMV and U6 promoters at the E3 regionfaFAB7, generating
Ad-AB7-CMVshIL8 and AdAB7-U6shIL8 oncolytic Ad, respectively (Fig.
9C). To determine whether virally expressed shlat@red viral replication,
the newly engineered Ads were first examined fairtipotential to induce
cytopathic effects. Multiple cancer cells (A549, 433 Hepl, U887, and
Hep3B) were infected with AdB7, Ad-AB7-CMVshIL8, or AdAB7-
U6shIL8 at MOIs of 0.1-20. As a negative contrat]l€ were infected in
parallel with replication-incompetent Ad, AtkE1l. As seen in Fig. 13A,
virally induced cytopathic effects appeared to lmilar with Ad-AB7-
CMVshIL8 and AdAB7-U6shIL8 as compared to A&B7. This result was
consistent over several independent experimentggesting that shiL-8
expression does not inhibit viral replication.

Next, | examined whether shiIL-8-expressing oncolyfids can
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functionally knock-down IL-8 expression. Hep3B arWd49 cells were
infected with AdAB7, Ad-AB7-CMVshIL8, or AdAB7-U6shIL8 at MOls of
0.5 and 10, respectively. As shown in Fig. 13Bn#igant suppression of IL-

8 expression by AdB7-U6shIL8 oncolytic Ad was observed in both Hep3B
and A549 cell lines with 62.1%(< 0.001 versus AdB7) and 53.4%R <
0.001 versus AdB7) decrease in IL-8 protein level, respectivelyo T
demonstrate IL-8 specificity of AdB7-U6shIL8, cells were also infected
with Ad-AB7-U6shVEGF, an oncolytic Ad expressing VEGF-sedhRNA
under the control of the U6 promoter. As predicted, inhibition of IL-8
expression was observed in response toABR@-U6shVEGF treatment. IL-8
protein levels were also considerably decreasédtin Hep3B and A549 cells
infected with cognate control oncolytic Ad, AdB7. This is in agreement
with ours’ and other investigators’ previous fingénthat E1A expression
suppresses tumor angiogene¥ig > Together, these data demonstrate that
oncolytic AdAB7-U6shIL8 reduced IL-8 expression with high degide

efficiency as well as high specificity.
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Figure 13. Characterization of IL-8-specific shRMRpressing oncolytic Ads.
(A) Semiquantitative assessment of cytotoxic potelhy crystal violet
cytopathic effect (CPE) assay. Cells were infectgith Ad-AE1, AdAB?7,
Ad-AB7-CMVshIL8, or AdAB7-U6shIL8 at the indicated MOls. At 4 ~ 10
days post-infection, surviving cells were staineding crystal violet.
Replication-incompetent Ad, AAE1, served as a negative control. Each cell
line was tested at least three times, and data rstzoes from representative
experiments. (B) Quantitation of IL-8. Hep3B and485cells were infected
with Ad-AE1, AdAB7, Ad-AB7-CMVshIL8, or AdAB7-U6shIL8 adenovirus
(MOI of 0.5 for Hep3B and 10 for A549). IL-8 was aseired in culture

supernatants by ELISA 24 hr after infection. Eaalug represents the mean
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+ SE of at least three independent experimentsP*,0.001versus Ad-AE1
treatment.
Oncolytic adenovirus expressing shilL-8 inhibits tumor growth in nude mice
Since AdAB7-U6shIL8 exhibited greater IL-8 suppressive dftban
Ad-AB7-CMVshIL8, oncolytic AdAB7-U6shIL8 was chosen to examine its
effectin vivo. Hep3B and A549 tumor models established in nonitse
showed aggressive growth kinetics. When tumorshiezh@n average size of
100 mnd, tumors were injected intratumorally with PBS, AB7, or Ad-
AB7-U6shIL8 every 2 days for a total of three injecs (Q2Dx3). As seen in
Fig. 14A, tumor volume was greatly reduced in mtoeated with both
oncolytic Ads (AdAB7 and AdAB7-U6shIL8) compared to control mice
treated with PBS. At 35 days after viral treatmeunmors of Hep3B tumor-
bearing mice treated with PBS reached an averagertuolume of 3672 +
575 mni andthe average tumor volumes for the AB7 and AdAB7-
U6shIL8 groups were 942.68 + 107 rhand 335.61 + 91 minrespectively.
Similarly, mice bearing A549 tumor xenograft showé&damor growth
inhibition of 91.7% P < 0.001) in response to AeB7-U6shIL8 treatment.
Throughout the course of the study, no systemidcityx such as diarrhea,
loss of weight, or cachexia was observed. Theseiddicate that suppression

of IL-8 expression by oncolytic Ad had strong initoby effects on the growth
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of these tumor xenografts.

The histology of tumors obtained 7 days post fidase was then
observed. As shown in Fig. 14B, H & E staining &48 tumors treated with
Ad-AB7-U6shIL8 showed dramatic effects as only numteviable tumor
cells were observed. In addition apoptotic changed cell necrosis,
surrounded by stromal fibrosis was also seen. Mesddachrome staining
determined collagen type |, stained in blue, agptieelominant morphological
component of these fibrotic changes. Microvessakite was then examined
by immunostaining with anti-PECAM (anti-CD31) argity. A marked
decrease in endothelial cells and vessel structuessobserved in AdB7-
U6shIL8-treated tumors compared to PBS- or ARI-treated tumors.
Quantitation of microvessels showed that the dgnsits reduced by 44.7%
(P <0.05) and 50.6% (P <0.05) in Hep3B and A549ogeait models,
respectively, compared to A&B7 (Fig. 15A). To analyze the degree to which
Ad-AB7-U6shIL8 induced apoptosis vivo, TUNEL assay was carried out
using the same tumor sections. As seen in Fig. thBlevel of apoptosis was
considerably higher in AdB7-U6shIL8-treated tumor tissue than in PBS- or
Ad-AB7-treated tumor tissue. This result closely patalbnd supports the
decreased neovascularization in the tumor masseaheénced anti-tumor

effect of IL-8-specific ShRNA-expressing oncoly#id.
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Figure 14. Effect of oncolytic adenovirus expregsib-8-specific ShRNAN
vivo. (A) Subcutaneous implanted tumors derived from3Beand A549 cells
were treated with AdB7 () or Ad-AB7-U6shIL8 ), along with PBS &) as

a negative control. Tumor volume was monitored otmare (days) after
treatment with Ads. The arrow indicates when Ad weministered (1 x 0
PFU/mouse for Hep3B and 2 x ®1BFU/mouse for A549). The number of
animals per group is indicated in parentheses.egatapresent the mean + SE.

* P < 0.05versus Ad-AB7. **, P < 0.001versus Ad-AB7. (B) Photos of
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representative tumor sections from animals in egrcup. Hematoxylin &
eosin staining (H & E). Masson's trichrome staingfgextracellular matrix
(blue) in the tumor tissue sections (M & T) and hémylin counter-stained.
Microvessels were stained with anti-PECAM antibod¢ZD31) and
hematoxylin counter-stained. Brown staining indésapositive staining for
endothelial cells. TUNEL staining of apoptotic seilh tumor tissue; methyl
green counter stained (TUNEL). Original magnifioati 400x.

To investigate the biological significance of ILd®wn-regulation in
tumor tissue, | assessed IL-8 and VEGF expressiotuinor tissues. As
shown in Fig. 15B, significant suppression of Ile8pression by AdvB7-
U6shIL8 oncolytic Ad was observed in both Hep3B &#&dl9 cell lines with
31.5% P < 0.001 versus AdB7) and 71.2% R < 0.05) reduction,
respectively. Moreover, VEGF ELISA demonstrated theatment with Ad-
AB7-U6shIL8 resulted in 65%P(< 0.05 versus PBS) and 68.2% < 0.05)
reduction in Hep3B and A549, respectively (Fig. L5Ihese findings suggest
that IL-8-specific shRNA down-regulated the expi@ssof both IL-8 and

VEGF, key mediators of angiogenesis.
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Figure 15. Effect of oncolytic adenovirus expregsib-8-specific ShRNAN
vivo. (A) Reduction in microvessel density followingatment with AdAB7-
U6shIL8. Mean microvessel density was determinedcbynting CD31-
positive vessels in ten high-power fields (200x)eath section in a blinded
fashion. Error bars represent SEP*< 0.05 compared to AdB7 treatment.
(B) IL-8 expression in tumors. (C) VEGF expressiantumors. Each data
point represents mean IL-8 and VEGF levels for eadividual tumor. *,P <
0.05versus Ad-AB7. **, P < 0.001versus Ad-AB7.

Activation of angiogenesis is also responsible ifmreased tumor
cell entry into circulation and metastasis. Thamfd investigated whether

suppression of IL-8 expression also blocked met@st#d a malignant human
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breast cancer cell line, MDA231. AdministrationAef-AB7-U6shIL8 resulted
in a marked reduction of metastatic burden. Moezgigally, three of 7 mice
showed no metastatic spread and the remaining xwibiesd minimal tumor
spread as compared to control animals treated RBBE or AdAB7. These
data indicate that suppression of IL-8 expressihdnstrong inhibitory effect

on tumor metastasis.
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Figure 16. AdAB7-U6shIL8 treatment inhibits tumor metastasis. N3D2
human breast cancer cells were injected intravéyndosform pulmonary
metastatic lesions. After 23 days, mice receivé@peural injections of PBS,
Ad-AB7, or AdAB7-U6shIL8. On day 28 after viral injection, micesng
sacrificed, lungs were removed and weighed, andturadules were counted
to evaluate therapeutic efficacy. Mean of micetgdavith PBS, AdAB7, or
Ad-AB7-U6shIL8; bars, SEn(= 11 for PBSn = 12 for AdAB7,n = 7 for Ad-

AB7-U6shIL8). * indicate$ < 0.05 compared to PBS treatment.
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I dentification of effective SSRNA sequences and generation of recombinant
Ad expressing shRNA specific to c-Met

c-Met is the high-affinity receptor tyrosine kieagor hepatocyte
growth factor (HGF) or scatter factor (SF) and M&F signaling is involved
in many cancers and regulates biological activitidshas been reported that
c-Met was overexpressed and mutated in a varietyadifynancies. Because a
number of c-Met activating mutations, many of whiare located in the
tyrosine kinase domain, to search effective siRMA&xamined five c-Met
SsiRNAs except for tyrosine kinase domain. Five kiraf c-Met SiRNAs to
target different regions of human c-Met (gi:4557)/48RNA were described
in Table 2.

Table 2. Sequences of the four c-Met-specific SIRNAs exanhiimethis study

Number positions sequences
#1 428 — 446 aaggttgctgagtgaet
#2 754 - 772 aggaccggttcatbetac
#3 1258 — 1256 tggatcgatctgdgadg
#4 1987 — 2007 aaactagagttgjgat
#5 3142 — 3162 aattagttcgctaypod

Of the various cancer cell lines assessed, U3488spd the highest

level of c-Met, so it was used to compare inhilitiefficiency of the five
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candidate siRNAs. To evaluate the possible offdargffects, | also
transfected cells with siRNA specific to lamin A&Bd luciferase as controls.
Relative amounts of c-Met were measured by semiifative RT-PCR,
normalized top-actin. As shown in Figure 17A, two of the five BIRs
synthesized, c-Met siRNA Nd.(1987-2007) and No. 5 (3142-3162) potently
suppressed the synthesis of c-Met mMRNA (> 90%)ndfesction with Lamin
A/C- and Luciferase-specific sSiRNA resulted in ngngficant alteration of c-
Met RNA expression compared to non-transfected U3#3. On the basis

of these results, | selected c-M&RNA No.4 and No.5 as the most highly

functional siRNA sequence.
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Figure 17. Characterization of c-Met-specific smaiterfering RNAs

(siRNAs) and the structure of adenoviruses usdfiignstudy. (A) The effect
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of siRNA-mediatedn vitro knockdown of c-Met transcripts in U343 human
glioma cell. Cells were transfected for 48 hr withr c-Met-specific SiRNAs,
along with siRNA specific to lamin A/C and lucifse as controls.
Knockdown of endogenous expression was measurd&iTbpCR for c-Met.
Densitometric analysis was performed and the welagixpression of each
band was normalized t@-actin. (B) Schematic diagram of anenoviral
construct used.

To inhibit c-Met expression effectively, | employdte adenovirus-
delivered siRNA technique and generated recombiadenovirus expressing
c-Met shRNA No. 4 or No. 5 (shMet4 or shMet5), exgpvely. Also, for
further effective knockdown, | generated adenoviexpressing both No.4
and No.5 in the same adenovirus, which prdaeede most effective. These
kinds of c-Met-specific shRNA-expressing recombinadenoviruses, Ad-
AE1l-shMet4, AdAE1-shMet5, and AdE1l-shMetd+5 (Fig. 17B), were
constructed to express shRNAs under the contridieimurine U6 promoter,
respectively.

Comparison of c-Met suppression by recombinant adenovirus expressing
shMet4, shMet5, or shMet4+5
Next, to determine the effect of ShRNA expressianceMet protein

levels and compare the knockdown efficiency of ehkinds of adenoviruses
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expressing shMet, AdE1-shMet4, AdAE1-shMet5, and AdvE1-shMet4+5,
various cancer cell lines (U251N, U343, U87MG, Hap&K-Hepl, and
A549) were infected with each virus at an MOI 0020500. Uninfected cells
were used negative control. After 3 days post-itidac transduced cells were
harvested and assayed to determine the amountd/et protein. As shown
in Fig. 18A, the synthesis and secretion of c-Maswignificantly inhibited
by Ad-AE1-shMet4, AdAE1-shMet5, and AdE1-shMet4+5. In U343 cells
with Ad-AE1-shMet4+5, c-Met levels were reduced by 80.4%7%h8% P <
0.01 andP < 0.01) compared to untransduced and control adierso(Ad-
AE1)-transduced cells, whereas it was reduced t&#64nd 63.4% with Ad-
AE1-shMet4 and was 61.8% and 60.7% with #tt-shMet5. This efficient
knockdown of c-Met was also observed in other canel lines tested. Also,
the c-Met protein level was significantly decreasdth an MOI-dependent
manner and AdvE1-shMet4+5 among shMet-expressing Ads inhibitédiet-
expression most effectively (Fig. 18B). These mssdemonstrate that dual
shRNA expression system is much more effective thamle shRNA

expression system.
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Figure 18. Quantitation of c-Met suppression inimas cancer cells
transduced with c-Met specific ShRNA expressing ,A8d-AE1, AdAE1-
shMet4, AdAE1-shMet5, or AAAE1-shMet4+5. (A) Various human cancer
cell lines were transduced with AxE1l, AdAE1-shMet4, AdAE1-shMet5,
or Ad-AE1-shMet4+5 in a range of 100 ~ 500 MOI. c-Met @nication was
measured in cell lysates 72 hr after transductiprEbISA. *P<0.05 versus
Ad-AE1 treatment. (B) Dose-dependent suppression otcéwpression by

three kinds of Ads expressing c-Met specific shRMA;AE1-shMet4, Ad-
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AE1-shMet5, or AAAE1-shMet4+5. Each value represents the mean + SE of
at least three independent experiments. *P<0.08ugehdAEL treatment.
Reduced c-Met inhibits cell proliferation through mitotic catastrophe by
senescence

| observed exciting phenotype in cancer cells ifgcwith Ad
expressing c-Met specific ShRNA, AxE1-shMet4, AdAE1-shMet5, and Ad-
AE1-shMet4+5. After 2 days post-infection, obserwdth the naked eyes,
cells infected with AdAE1-shMet4, AdAE1-shMet5, and AdxE1-shMet4+5
were showed definitely decreased cell confluence after 3 days post-
infection, exhibit enlargement of cell volume (ldfatodia), flattened cell
morphology, and the appearance of many vacuolahsl @igure. 19A), but
did not observed characteristic of apoptotic cellaese phenomena were
typical senescence like phenotype. After 5 daystrabthe cells floated from
the culture plate and floated cells demonstratertasés-like characteristics
such as disruption of intact cellular boundariesd dosses of distinctive
nuclear membrane structures. To further confirmalsb performed TUNEL
assay. In result, I did not detect TUNEL-positiyptotic (data not shown).
For quantitative analysis of cell proliferation ibition MTT assay was
conducted. As shown in Fig. 19B, U343 cells witd-AE1-shMet4+5, c-

Met levels were reduced by 78.7% and 76.6%0<(0.01 andP < 0.01)
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compared to untransduced and control adenovirusA®b)-transduced cells,
whereas the reduction was 73.8% and 71.2% with\Bd#l-shMet4 and was
64.6% and 61.1% with AdE1-shMet5. This efficient proliferation inhibition
of reduced c-Met was also observed in each of therccancer cell lines
tested.

The morphological difference observed was furthem@ned under
the electron microscope (EM) (Fig. 19C). At thresy gpostinfection at an
MOI of 100, in majority of U343 cells infected withd-AE1-shMet4, Ad-
AE1-shMet5, and AdE1l-shMet4+5, the nuclei became significantly larger
and some cells contained several nuclei of unegizals and observed an
increased number of micronuclei, but did not obsetlre condensed or
fragmented nuclei characteristic of apoptotic cells also observed
considerable increases in the numbers of vacuote$ electron-dense
lysosomes, and additionally observed the convalutio collapse of some
nuclear membranes.

In 1998, Gonos et al. have found eight genes tleabeerexpressed
in senescent rat embryo fibroblasts. To confirm tivee these phenomena
were related with senescence; | conducted RT-PG@Rdatermined the level
of expression of a set of gene products commondpaated with cellular

senescence. Used three genes were SM22, TGagadIRA-1 and primer
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sequences used in RT-PCR were described in Tale 8hown in Fig. 19D,
after 48 hours, total RNA was extracted from caiffected with AdAE1-
shMet4, AdAE1-shMet5, and Ad¥E1l-shMet4+5. The levels of mRNA of
SM22, TGase Il, and PAI-1 were significantly incged (compared with Ad-
AE1). On the basis of these results, | made cettah decrease of c-Met
expression by shMet, induce senescence of caniter ce

To analyze the mechanisms by which AB1-shMet4+5 inhibits cell
proliferation, FACS analysis was applied to analyize cell cycle of U343
cells after infection with adenovirus for 1 ~ 5 day\s shown in Fig. 19E, at
hours 48 of adenovirus infection, the,/K8 phase cell population was
dramatically increased from 16.1 + 0.9% (A&1) to 42.6 + 2.9% (AdE1-
shMet4+5), but the percentage of cells atGsphase-cell population was
decreased from 43.1 + 2.3% (A1) to 22.3 + 3.5% (AdE1-shMet4+5)
and S-phase cell population was also slightly reduay 5.6% compared to
control adenovirus (Ad¥El)-transduced cells. No apoptosis peak was
detected in sub Gpopulation. Taken together, these results shovadl t
apoptosis might not be the major mode of the osditld by knockdown of c-
Met, but arrest cells at £V phase. Taken together, these results suggest tha
reduced c-Met using Ad expressing c-Met specifiRdA inhibit cancer cell

proliferation through mitotic catastrophe by seeese.
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Table 3. Primer used for the analysis of the gene expressiated to cellular

senescence
Gene primer sequence product (bp)
Osteonectin Forward:5'-CTGTGGGAGCTAATCCTG-3' 602

Reverse:5-GGGTGCTGGTCCAGCTGG-3'

SM22 Forward:5-TGGCGTGATTCTGAGCAA-3' 534
Reverse:5'-CTGCCAAGCTGCCCAAGG-3'

TGasell Forward:5-CTCGTGGAGCCAGTTATCAACAGCTA3' 310
Reverse:5-TCTCGAAGTTCACCACCAGCTTGTG-3

PAI-1 Forward:5-GTGTTTCAGCAGGTGGCGC-3' 300
Reverse:5'-CCGGAACAGCCTGAAGAAGTG-3'

B-actin Forward: 5-CGTCTTCACCATGGAGA-3' 310

Reverse: 5'-CGGCCATCACGCCCACAGTTT-3'
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Figure 19. Changes in the cellular morphologieJ8#3 cells

transduced

with Ads expressing c-Met specific shRNA, Adl-shMet4, AdAEL-

shMet5, or AdAE1-shMet4+5. (A) After 48 hr of infection with ANE1, Ad-

AE1-shMet4, AdAE1l-shMet5, or AdAEl-shMet4+5 of 50 MOI,

cell

morphology was monitored under the microscope. TBg reduced cell
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proliferation by the Ads expressing c-Met spec#fitRNA was measured by
MTT assay. Viability of control cells was set at0%0 and viability relative to
the control is presented. *P<0.05 versus Akl treatment. (C) The
morphologies of dying cells were monitored usingedgctron microscope.
U343 cells grown in six-well culture plated werdeicted with MOI of 50.
After 72 hr of infection, cells were treated as almd in Materials and
Methods, and cell morphology was observed undeetbetron microscope.
Representative high power (X 50,000) images arevshdD) Analysis of
gene expression associated with cellular senescesicgy RT-PCR. Total
MRNAs were isolated, and semiquantitative RT-PCR warformed using
specific primers for genes (human SM22, TGasel, BAl-1) over-expressed
in senescent cell-actin was served as an internal control. (E) DMsAtent
analysis. At 48 hr after transduced with AB1 or AdAE1-shMet4+5, cells
were fixed with ethanol, treated with RNAase arairgtd with propidium
iodide (PI). The stained cells were then analyzgeditw cytometry. Data
shown are representative fluorescence histograraslefist three independent
experiments. Percentages of GO/G1-, S-, G2/M-,samdG1-phase cells were

calculated by Modfit program (Verity Software Housepsham, ME).
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Reduced c-Met inhibits VEGF expression and accordingly the function of
endothelial cells

c-Met also was reported to induce angiogenesigiious cancer by
inducing of vascular endothelial growth fact8r® and by simulataneously
downregulating the antiangiogenesis factor thrombdm-1 “°. Based on
these report, | made certain VEGF expression Ieyal-Met inhibition using
VEGF ELISA. Various cancer cell lines (U251N, U34B7MG, HepG2, SK-
Hepl, and A549) were infected with Ad1l, AdAE1l-shMet4, AdJAE1-
shMet5, and AAE1-shMet4+5 at a MOI of 30 ~ 500. Uninfected celtse
used negative control. After 72 hr, conditioned rmedas harvested and
VEGF ELISA was carried out. As shown in Fig. 20A,accordance with c-
Met ELISA result, the synthesis and secretion ofGFEwas significantly
inhibited by AdAE1-shMet4, AdAE1-shMet5, and AdE1l-shMet4+5. In
U343 cells transduced with ABE1-shMet4+5, c-Met levels were reduced by
71.4%% and 80%HR < 0.05 andP < 0.05) compared to untransduced and
control adenovirus (AdEl)-transduced cells, whereas the reduction was
53% and 67% with Ad\E1-shMet4 and was 44.4% and 61% with Ag1-
shMet5. This efficient inhibition of VEGF by knodldn of c-Met was also
observed in each of the other cancer cell lindsde#\Iso, AJAE1-shMet4+5

of these shMet-expressing Ads inhibited VEGF exgioas very efficiently.
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On the basis of these results, | made certaindibatease of c-Met expression
by shMet, inhibit expression of VEGF.

| also investigated the effects of Ade1-shMet4+5 on the migration
of HUVECsin vitro. When conditioned medium from U343 cells transduce
with Ad-AE1-shMet4+5 was placed in the lower chamber ofam3well plate,
migration of endothelial cells was reduced by 48(@®% 0.001 compared to
Ad-AE1) whereas conditioned medium from A#&1-shMet4+5-transduced

cells inhibited migration only 24%°(< 0.05 compared to AdE1) (Fig. 20B).

I nextexamined whether decreased c-Met by infection ofAEd-
shMet4+5 would have an inhibitory effect on mormyptal differentiation of
endothelial cells, | conducted in vitro tube forinatexperiments using two-
dimensional Matrigel in HUVECs (Figure 20C). To dus, | used U343
conditioned media and HUVECs were infected withditioned media, and
then plated on growth factor-reduced Matrigel. Bhers no effect within 12
hr of conditioned media treatment, but the inhdmtivas shown at 19 hr and
more clearly at 24 hr with little cytotoxicity. Atge control (10 ng/ml) and
conditioned media collected from AtEl-infected U343 cells led to the
formation of elongated and robust tube-like streegywhich were organized

by much larger number of cells. In contrast, cdodiéd media collected from
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Ad-AE1-shMet4+5-infected U343 cells markedly inhibited width and the
length of endothelial and after 24 hours, tubesewmoken, shortened, and
much thinner at many sites. In particular, conditid medium from AdvE1-
shMet4+5-transduced cells diminished relative tidrggth by 44.1% R <
0.001 compared to AdE1, Fig. 20D). These findings demonstrate that a c-
Met-specific sShRNA-expressing Ad, AtE1-shMet4+5, functionally inhibits
the formation of tube-like structures in the inreitMatrigel tube-formation

assay.

As angiogenesis involves multiple steps, | assesshkibition of
vessel sprouting using rat aortic rings (explaetapedded in Matrigel beds.
The Matrigel bed mimics a physiological extraceltunatrix, representing its
natural composition and architecture. Due to tHieatures, Matrigel enables
several cell types, including endothelial cellsiaintain their 3-dimensional,
in vivo phenotype in culture. Microvessel sprouting wasnaiestrated by
staining aortic rings with Diff-Quick, as describedmaterials and methods.
As shown in figures 20E and 20F, a marked delahenoutgrowth of sprouts
from the explants, with a regression in both thenber of microvessels and
the number of branches, was observed in aorti tirgated with conditioned

medium from AdAE1-shMet4+5-transduced cells, showing a decreasigein
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number of microvessels of 90.5% (< 0.001) and 85.7%P( < 0.001)
compared to untransduced and ABi-transduced conditioned media,
respectively. In contrast, neither Adl had an inhibitory effect on
microvessels sprouting from aortic rings. In fabe extent of the capillary
network was comparable to that observed in theepies of conditioned
medium from untransduced cells. These data furtwifirm the potent

inhibition of angiogenesis induced by Ad:1-shMet4+5.

The process of the formation of new blood vesseigjogenesis, is
complex and involves several discrete steps, imatu@xtracellular matrix
degradation, proliferation, and migration of endditd cells and
morphological differentiation of endothelial celtsform tubes”. | have first
examined the effect of reduced c-Met by infectidrAd-AE1-shMet4+5 on
HUVEC. HUVECs were infected with AdE1 and AdAE1-shMet4+5 at a
MOI of 100. After 48 hrs post-infection, cells iofed with AdAE1-
shMet4+5 were showed definitely decreased cell lnente and exhibit
lengthen cell morphology (Figure. 20G), and evelhiuae lengthened cells
floated from the plate. MTT assay showed that eibility was inhibited
(Fig. 20H). These results indicate that AH1-shMet4+5 inhibits not only

proliferation of cancer cell but also of endothietiall.
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Figure 20. Effects of Ads expressing c-Met-spedh&NA in endothelial cell
functions. (A) Reduced c-Met expression down reiggla/EGF expression.
Various human cancer cell lines were transducedh Wid-AE1, AdAE1-
shMet4, AdAE1l-shMet5, or AJAE1-shMet4+5 with 100~500 MOI. VEGF
concentration was measured in the culture supernata/2 hr after infection
by ELISA. Each value represents the mean * SE I#fast three independent
experiments. (B) Inhibition of HUVEC cell migratidsy Ad-AE1-shMet4+5.
Migratory cells are represented as the number gfrated cells per high-
power field (200x). Ten fields were counted in lidate from each sample.
bars, + SE. *P < 0.05versus Ad-AE1 treatment; **,P < 0.001versus Ad-
AE1 treatment. (C) Inhibition of tube formation by -A&l-shMet4+5.
HUVEC cells were plated on Matrigel-coated plates alensity of 2 x 10

cells/well and incubated in the presence of medupplemented with human
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recombinant rVEGEs (10 ng/ml), control conditioned medium from U343
cells, or conditioned medium from AtE1- or AdAE1-shMet4+5-transduced
cells. After 20 hr, changes in cell morphology weaptured using an inverted
microscope. Original magnification: 40x and 10(R) The area covered by
the tube network was quantified using Image-Pre Bhftware. Experiments
were repeated three times and values are meanfplifate measurements
from one representative experiment; bars, £+ SEP*,0.001versus Ad-AE1
treatment. (E) Inhibition of vessel sprouting by -AH1-shMet4+5.
Representative aortic rings were photographed.V@Ssel sprouting index.
The assay was scored from 0 (least positive) tmdst positive) and data are
presented as mean + SE (n=6). #,< 0.001versus Ad-AE1 treatment.
Original magnification: 40x (G) Changes in the gkl morphologies of
HUVEC cells transduced with AdEl-shMet4+5 of 50 MOI. Cell
morphology was monitored under the microscope. {He reduced cell
proliferation by the AAAE1-shMet4+5 was measured by MTT assay. Viability
of control cells was set at 100% and viability tiela to the control is
presented. *P<0.05 versus Ad:1 treatment.

Effect of Ad-AE1-shMet4+5 on tumor cell migration, invasion, and MMP-2
expression

I next examined whether the expression of c-MetiipeshRNA
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could affect the cellular locomotion/invasion ait§iof cancer cell lines using

a migration/invasion assay. Quantitative analy$iewed that conditioned
media collected from AdE1l-shMet4+5-transduced U343 cancer cells
effectively blocked cellular migration and invasiafter 24 hr: by 65.6%(<
0.05versus Ad-AE1) and 69%R < 0.05versus Ad-AE1) for U343 cells (Fig.
21A, 21B). In contrast, conditioned media collecfesm untransduced and
Ad-AE1-transduced cells, did not significantly affecigration and basal
invasion of cancer cells in this assay.

Expression of MMPs in cancer cells (as well as wgaendothelial
cells) has been shown to regulate neovasculanzdiyp enhancing peri-
cellular fibrionolysis and cellular locomotion. @e many MMPs, MMP-2
plays a critical role in the angiogenic switch dgricarcinogenesis. By using
conventional gelatin zymography, | compared getdyiic activity of MMP-2
in Ad-AE1-, and AdAE1-shMet4+5-transduced U343 cancer cells. As shown
in Fig. 21C, MMP-2 gelatinolytic activity was redeetin AdAE1-shMet4+5-
transduced U343 cancer cells, whereas Mxd-transduced cancer cells
showed MMP-2 activity similar to parental cells. IBA quantitation of
MMP-2 protein in U343 cancer cells transduced with-AE1-shMet4+5
indicated that a reduction in the MMP-2 proteineleglosely paralleled the

observed loss of MMP-2 gelatinolytic activity (Fi@lD). These results
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indicate that AdAE1-shMet4+5 inhibits invasion of cancer cells, praably

by the inhibition of MMP activity.
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Figure 21. Inhibition of cancer cell migration, asion, and MMP-2
expression by A AdvEl-shMet4+5. (A) Inhibition of tumor cellular
migration by AdAE1-shMet4+5. U343 (1 X £@&ells/ml) cells were added to
transwell chamber and treated with conditioned mmedirom AdJAE1- or
Ad-AE1l-shMet4+5-transduced cells. After 6 hr incubatiomigrated cells
were quantified by counting the cells that migratedhe lower side of the
filter with optical microscopy at 200x magnificatioResults are expressed as
percentage of control conditioned medium from U33#3s. Experiments
were performed in triplicate and repeated thre@sinmeans + SE are shown.
* P < 0.05versus Ad-AEL1 treatment. (B) Inhibition of tumor cellular irsian

by Ad-AE1-shMet4+5. U343 (1 X faells/ml) cells were added to transwell
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chamber coated with Matrigel and treated with cboidéd medium from Ad-
AE1- or AdAEl-shMet4+5-transduced cells. After 18 hr incubatithe
number of invaded cells was quantified by countisgthe mean number of
cells that invaded to the lower side of the filteith optical microscopy at
200x magnification. Experiments were performedriplitate and repeated
three times, means + SE are showrP ¥ 0.05versus Ad-AE1 treatment. (C)
Zymographic detection of secreted gelatinase #@gtimi conditioned media
from U343 cells treated with AXE1 or AdAE1-shMet4+5. This is one
representative result from three independent exy@eris. (D) Modulation of
MMP-2 protein expression in U343 cells transducédtt wds. Human MMP-
2 concentration in conditioned media was determibgdELISA. Each bar
represents the mean + SE (n = 3P* 0.05versus Ad-AE1 treatment.
Ad-AE1-shMet4+5 Suppresses Met signaling

On signaling by HGF/SF, c-Met is activated via pitazrylation of
the cytoplasmic domain and further activates domeastpathways such as
the mitogen-activated protein kinase (MAPK), PI3&nd STAT or Erk
signaling pathways. These pathways are essentiainéaiating biological
activities such as cell migration, proliferationpmhogenesisgand survival.
To evaluate the effect of c-Met inhibition-induced/et phosphorylation and

downstream pathway, ERK1/2 and Akt phosphorylatimre analyzed. As
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shown in Fig. 22, cells treated with Ads expressiAget specific ShRNA,
Ad-AE1-shMet4, AJAE1-shMet5, and AdE1-shMet4+5, the basal as well

as the inducible activation of AKT and ERK1/2 wergnificantly inhibited.

cviet

Erk

phospho-Erk
Akt
phospho-Akt

B-actin

Figure 22. Inhibition of down signal pathway by eMnhibition. U343 cells
were infected at an MOI of 100 with ABE1, AdAE1-shMet4, AdAE1-
shMet5, or AdAE1-shMet4+5. After 48 hr, cell lysates were predaaed
subjected to SDS-PAGE. Western blot was probed waitiirc-Met, anti-Erk,
anti-phspho-Erk, anti-Akt, and anti-phspho-Akt Aoties and reprobed with
an anti-actin antibody to verify equal loading obtein.
Inhibition of HGF-dependent or -independent cell proliferation by shMet-
expressing recombinant Ad

Hepatocyte growth factor/scatter factor (HGF/SH specific ligand
for c-Met and has a markedly stimulatory activitymortality of cancer cells
but not on their growtl>. To determine whether c-Met specific ShRNA

inhibits the proliferation and scattering by HGFnlestigated the role of
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HGF in U343 cell proliferation. After 24 hours Adféction, serum free media
with or without HGF/SF of 25ng/ml was added to €elhd the effects of c-
Met inhibition were tested. Increased cell scatgeffect was observed in the
untransduced and AME1-transduced cells, whereas no scattering effast w
observed in the AdE1-shMet4+5 transduced cells (Fig. 23A). Next, gsin
MTT assay | investigated the role of HGF in cancell proliferation. As
shown in Fig. 23B, HGF doesn't inhibit showing theduction of Met
expression can affedflet-dependent cell scattering without affectingl cel

viability or proliferation.
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Figure 23. Inhibition of HGF-dependent or HGF-indegdent cell motility by
Ad-AE1-shMet4+5. (A) U343 cells were plated in six-wplates to 20%

confluency and were infected with AxkE1-shMet4+5 at an MOI of 50. After
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24 hr adenoviral infection, serums free media vathwithout 25 ng/ml of
HGF were added to the cells and following 48 houiehle cells were stained
with crystal violet. (B) The reduced cell prolificm by the AdAE1-
shMet4+5 was measured by MTT assay. Viability afitoal cells was set at
100% and viability relative to the control is pretesl. Infected cells with Ad-
AE1-shMet4+5 reduced cell viability proliferation with or without HGF.
*P<0.05 versus AAE1 treatment. Cell scattering activity was suppédse a
Met-dependent manner (100x magnification).
Enhanced anti-tumor effect of shMet-expressing recombinant Ad
Recombinant Ad expressing c-Met-specific ShRNA, Alt-shMet4,
Ad-AE1l-shMet5, and AdE1-shMet4+5 were subsequently assessed for its
ability to suppress the growth of U343 human gliomenograft model
established in nude mice. Tumors were generatesubgutaneous injection
of cells into the mice abdominal region. When tusn@ached an average size
of 70 mnt, tumors were injected intratumorally with PBS, AB1, AdAE1-
shMet4, AdAE1-shMet5, and A&E1-shMet4+5 (1 x TOPFU) every 2 days
for a total of three times (Q2Dx3). As seen in 24, the growth of all tumors
treated with Ad expressing c-Met-specific sShRNA vgabstantially delayed
compared with that of tumors treated with PBS ahvAd-AE1, which does

not express c-Met-specific ShRNA. By 45 days afteatment, tumors treated
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with PBS reached an average tumor volume of 27#467.6 mm and those
treated with AJAE1 reached 1468.1 + 268.8 rhnin marked contrast, the
tumor growth was severely suppressed in mice iejeatith AdAE1-shMet4
(P < 0.05, versus PBS or AE1 group), AdAE1-shMet5 P < 0.05, versus
PBS or AdAE1 group), or AdAE1-shMet4+5 R < 0.01, versus PBS or Ad-
AE1 group). More specifically, in the same time périhose treated with Ad-
AE1-shMet4 reached 841.4 + 244.2 Pthose treated with AdE1-shMet5
reached 785.1 + 201.6 mimand those treated with AsE1l-shMet4+5
reached 433.3 + 108.7 minThroughout the course of the study, no systemic
toxicity, such as diarrhea, loss of weight, or eath was observed. The
survival advantage conferred by Adl-shMet4+5 was statistically
significant when compared with either of the AB4 group P < 0.01, versus
Ad-AE1 group).
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Figure 24.1n vivo antitumor effect of Ads expressing the c-Met sfpeci
shRNA. Subcutaneous implanted tumors derived froB43Jcells were
injected with AdAE1 (e), Ad-AE1-shMet4 &), Ad-AE1-shMet5 {), or Ad-
AE1-shMet4+5 ¢), along with PBS() as a negative control. Tumor growth
was monitored at 2 day intervals after each inpectiArrows indicate when
treatment was given 1 X 10viral particles per 5Qu0. Data points represent
the mean (x SE) tumor size (in cubic millimetersjy £ach group at the
indicated times. Values represent the mean + SE.<¢0.05versus Ad-AE1.
** P < 0.001versus Ad-AEL.
I'n Vivo histologic and immunohistochemical characterization

Since AJAE1-shMet4+5 is far superior to AtE1-shMet4 and Ad-
AE1-shMet5 in suppression of c-Met expression, Md-shMet4+5 was
chosen for the subsequent assessment in hude Toiceerify the proposed
mechanism of action of c-Met-specific shMet-expiegsAd, Ad-AEL-
shMet4+5-treated tumors were further investigategt histological
examination. Tumors were harvested from eachrreat group at 7 days
following the three sequential treatments. As sedfigure 25A, most of the
tumor mass remaining after treatment with the Aklt-shMet4+5 was
necrotic as shown by hematoxylin-eosin stainingemghs necrotic lesions

were barely detectable in the tumors treated waB Br AdAEL. In addition
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apoptotic changes and cell necrosis, surroundestroynal fibrosis was also
seen. Masson'’s trichrome staining determined celiagpe |, stained in blue,
as the predominant morphological component of thisetic changes. To
determine whether the reduced size AoFAE1-shMet4+5-treated tumors
coincided with reduced neovascularization, micreeéslensity as assessed
using anti-CD31 antibody was determined. A markedrelase in number and
size of CD31-positive vessels was observed iMEd-shMet4+5 Ad-treated
tumors. Quantitation of microvessels showed thatsity was reduced by
79.8% P < 0.001) and 76.7%P(< 0.001) in response to AtE1-shMet4+5
Ad treatment as compared to PBS and Akl Ad treatment groups,
respectively (Fig. 25B). To analyze the degree hictv Ad-AE1-shMet4+5
induced apoptosisn vivo, TUNEL assay was carried out using the same
tumor sections. As seen in Fig. 25A, apoptotic scellere also more
abundantly detected in AE1-shMet4+5-treated tumor tissue than in PBS-
or Ad-AE1-treated tumor tissue.

Next | investigate the biological significance ofMet down-
regulation in tumor tissue. When U343 tumors redce average size of 70
mm?, tumors were injected intratumorally with PBS,vath 1 x 16 PFU of
either AdAE1 or AdAE1-shMet4+5 Ad every 2 days for a total of threees

(Q2Dx3). Tumors were then harvested at day 10 &ndfter viral injection,
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and c-MET, VEGF, IL-8, and MMP-2 expression wereasweged by ELISA.
As shown in Fig. 25B, following 10 and 20 days ocdatment, a marked
suppression of c-Met expression was observed ituissues treated with
Ad-AE1-shMet4+5, resulting in 56.4% and 20.9% reductiompared to Ad-
AEl-treated control tumors, respectively. Moreovefl ISA results
demonstrated that treatment with A&l-shMet4+5 resulted in 32.8% and
49.4% P < 0.05 versus AdE1) reduction in VEGF and 76.7% and 76.710 (
< 0.05 versus AdvE1) reduction in IL-8, at day 10 and 20 after virgéction.
Also, MMP-2 expression reduced in tumors treateith Wd-AE1-shMet4+5.
These findings suggest that c-Met-specific shRNAvoegulates
the expression of both IL-8 and VEGF, key mediatmrangiogenesis and
also, MMP-2 expression, appeared to play a crucia in many stages of
tumor progression, including angiogenesis andrliasion and metastasis of
tumor cells. Therefore, the antimigratory and argiagenic activities of c-
Met-specific ShRNA expression may inhibit tumorgtb and metastasis in
animals by suppressing tumor angiogenesis, suggeaticrucial role for c-

Met in angiogenesis and tumor growth and metastasiso.
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Figure 25. Histological characterization of tum@sties in U343 human
glioma xenografts. (A) Hematoxylin & Eosin stainifgl & E). Masson's

trichrome staining of extracellular matrix (blue) the tumor tissue sections
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(M & T) and hematoxylin counter-stained. Blood \aes$ensity was assessed
by immunohistochemical staining for CD31; Hemataxytounterstained
(CD31). Brown staining indicates positive stainify endothelial cells.
TUNEL staining of apoptotic cells in tumor tissumgethyl green counter
stained (TUNEL). Tumors treated with Ad=1-shMet4+5 exhibited
significant increase in apoptotic levels. Greaderk brown nuclei with
double-strand DNA breaks (indicated by an arrow) ba seen in tumors
treated with AdAE1l-shMet4+5 as compared to PBS- or Mgi-treated
groups. Original magnification: 40x and 400x. (BMet down-regulation in
tumor tissue. Tumor tissues were collected 28 ddtgs final virus injection,
and ELISA was done to determine the levels of c;M&GF, IL-8, and
MMP-2. Treatment of AdAE1-shMet4+5 Ad results in significant reduction
in c-Met levels as well as VEGF, IL-8, and MMP-2a@msnpared to treatment
of PBS or AdJAEL1. Each data point represents mean c-Met, VEGHS, dind
MMP-2 levels for each individual tumor (8 mice pgmoup). Each protein
levels are expressed as picograms per milligratotaf protein. *,P < 0.05
versus Ad-AEL. **, P < 0.001versus Ad-AE1.
Inhibition of tumor metastasis by shMet-expressing recombinant Ad

Activation of angiogenesis is also responsible ifmreased tumor

cell metastasis. Therefore, | investigated whetheppression of c-Met
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expression also blocks metastasis of a malignamahibreast cancer cell line,
MDAZ231. As illustrated in Fig. 26A, lung tissueoin PBS- and AdvE1l-
treated mice possessed approximately 7.6 £ 2.72dhe 0.7 tumor nodules
caused by MDA231 metastasis. However, the numbimaor nodules was
decreased to 0.4 + 0.2 after administration ofAkl-shMet4+5. In fact, nine
of thirteen mice in the AdE1-shMet4+5-treated group showed no metastatic
spread. Hematoxylin and eosin staining revealetittea PBS- and AdE1-
treated mice lung had a relatively large numbesipéible tumor masses due
to the metastasis of the MDA231 (Fig. 26B) and Ma&sstrichrome staining
revealed that most tumor tissues treated with ARd-shMet4+5 were
surrounded by stromal fibrosis. Also, microvessehgity as assessed using
anti-CD31 antibody was determined. A marked deeréasumber and size
of CD31-positive vessels was observed in Mgt-shMet4+5-treated tumors.
Quantitation of microvessels showed that density vealuced by 79.8%(<
0.001) and 76.7%(< 0.001) in response to AtE1-shMet4+5 Ad treatment
as compared to PBS and Ad:El Ad treatment groups, respectively (Fig.
26C). These results indicate that c-Met specifiRldA-expressing Ad, Ad-

AE1-shMet4+5, had a strong inhibitory effect on tummetastasis.
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Figure 26. Therapeutic efficacy of Ad=1-shMet4+5 on MDA-MB-231 lung
metasis tumor model. (A) MDA-MB-231 human breashas cells were
injected intravenously to form pulmonary metastdésions. At 28 days
following cell injection, MDA-MB-231 tumor-bearingmice received
intrapleural injections of PBS, AdE1l, or AdAE1-shMet4+5. On day 28
after viral injection, mice were sacrificed, lungere removed and tumor

nodules were counted to evaluate therapeutic efficslean of mice treated
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with PBS, AdAE1, or AdAE1-shMet4+5; bars, SE & 12 for PBSh = 12
for Ad-AE1, n = 13 for AdAE1-shMet4+5). * indicateB < 0.05 compared to
PBS treatment. (B) Histologic analysis of lung disgrom mice treated with
adenovirus AdAEL, or AdAEl-shMet4+5. After tumor nodule counting,
lungs were fixed with zinc fixative, stained with & E, M & T, and anti-

CD3L1. Original magnificataion:40x and 200x).
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IV. DISCUSSION

RNAI has emerged as an important tool in downrdmgdasequence-
specific gene expression at both the transcriptiana post-transcriptional
levels. In mammalian systems, sequence-specific iRif&ct can easily be
achieved by introducing synthetic siRNAs via traesibn >*°.  However,
their use in a therapeutic setting has been limiteinly due to high costs in
synthesis and short-lived half-life. To overcomés thmitation, significant
efforts have also been made to construct siRNArdgli vectors based on
naked DNA, Ad, adeno-associated virus, retroviaudentivirus>>®® Colby
et al. reported that the MMP-1-specific sSiRNA-exqaiag plasmid selectively
blocked MMP-1 expression in MDA-231 breast cancefiscthat have
constitutively high levels of MMP-82 In 2004, Yang et al. demonstrated that
the expression of Her-2/neu can be silenced throwgfovirus-mediated
transfer of a Her-2/neu-specific sSiRNA Ads-mediated siRNA specific to
Hecl has also been shown to inhibit tumor groimtiivo ®. These studies
clearly demonstrated that siRNA-mediated “reversaegjcs” can open the
new avenue as a novel therapeutic strategy in ctimgbiauman cancer.

In this study, oncolytic Ad-mediated infection witiRNA against
VEGF successfully inhibited the secretion and esgim of VEGF in various

cancer cell lines. In addition, it suppressed themth of U343 xenograft
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tumors, demonstrating the oncolytic Ad-mediated N#Rsilencing is a
powerful approach for treating human cancer. VEGIS lat least seven
subtypes due to the alternative splicing of a sirggne®®’. Although the
VEGF45 isoform plays a central role in vascular developtneecent studies
have demonstrated that each VEGF isoform playsstindi role in vascular
patterning and arterial development. Among the sageforms of VEGF,
VEGF;,; sequence is shared by all seven VEGF isotypes. rAcaly, |
designed two siRNAs targeting VEGFMRNA, with hopes of degrading all
seven isoforms of VEGF. Of the two generated pldsnaixpressing VEGF-
specific shRNA targeting VEGER mMRNA, pshVEGF-2 elicited potent
suppression of VEGF expression (Fig. 1C).

I next determined whether VEGF-specific ShRNA cdiuidctionally
reduce endogenous VEGF expression in cancer &elsious studies have
shown that replication-competent Ad suppresses itiangiogenesis through
preserved E1A regioli. Zhou et al. demonstrated that transfection ofAte
type 5 E1A gene into TC71 cells downregulated VE&Bressionn vitro.
Moreover, they demonstrated that intratumoral inpecof E1A-expressing
Ad vector decreased VEGF expression, inhibited tugnowth, and increased
the survival rates. Recently, Saig al. also demonstrated that E1A

suppressed the production of VEGF and inhibitedctumngiogenesis by
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binding to p300, resulting in the inhibition of thellF-la-mediated

transcription of genes through binding to hypoxdaponsive element (HRE)
°L In agreement with these previous results, | olekthat oncolytic Ads
without expressing VEGF-specific shRNA (YKL-1, AB7) substantially

suppressed VEGF expression as potently as oncdgtiexpressing VEGF-
specific ShRNA (AdAB7-shVEGF) (Fig. 2A-B).

To address this point of concern, | constructed deleted
replication-incompetent Ad expressing shVEGF-2, #&it-shVEGF, and
evaluated the functional effect of Ad expressing GF=specific shRNA.
Ad-AE1-shVEGF was highly effective in reducing VEGF eegsion and the
level of suppression of VEGF expression correlatgti viral loading (Fig.
2C). Moreover, AJAE1-shVEGF effectively inhibited tube formation of
primary cultured human endothelial ceifsvitro and microvessel sprouting
from rat aorta ringex vivo (Fig. 3). The effects of VEGF-specific ShRNA-
expressing Ad on angiogenesis-associated enddtlellafunction observed
in vitro andex vivo were then confirmed in aim vivo Matrigel angiogenesis
assay (Fig. 4). Interestingly, oncolytic Ad-medéatexpression of VEGF-
specific shRNA was much more potent in inhibitinggimgenesis as
compared to those by replication-incompetent Ad-AMB8¥Y-shVEGF at the

1/20" of the viral dose elicited almost equivalent artiogenesis driven by
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Ad-AE1-shVEGF Adn vivo.

Along the same line i vivo xenograft studies, AdB7-shVEGF
demonstrated enhanced antitumor effect and a higle&tence of complete
tumor regression compared to its cognate controblgtic Ad, AdAB7 (Fig.
5B-C). Survival rate was also significantly proledgin the AdAB7-
shVEGF-treated mice. In addition, U343 human glioremograft tumors
analyzed at 7 days after treatment with A87-shVEGF Ad demonstrated
extensive areas of necrosis replaced by fibrousudis whereas necrotic
lesions were barely detectable in the tumors tdeatith PBS or AdJAB7.
Consistent with the results reported here, Thotra. eéecently demonstrated
that co-administration of oncolytic adenovirus amgblication-incompetent
adenovirus expressing soluble VEGF receptor eligijgificantly greater anti-
tumor effect than its respective monotheraffe&urthermore, in accord with
in vitro, ex vivo, and in vivo experiments, infection with oncolytic Ad
expressing a VEGF-directed siRNA significantly reeld the extent of
angiogenesis in the U343 xenograft model. Micregkslensity in tumor
tissue assessed by immunostaining with anti-CD3ibaaty was reduced by
more than 75% in tumors treated with A87-shVEGF Ad as compared to

PBS- or AdAB7-treated groups. Based on these results, | cdacthat
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inhibition of tumor growth is caused, in part, hetreduction in number of
tumor vessels in AdB7-shVEGF Ad-treated mice.

Many angiogenic functions are attributed to VEQ#kluding the
stimulation of endothelial cell invasion, migratjoand proliferationﬁg.
Equally important is the tight balance between pgiagenic and
antiangiogenic factors in the tumor microenvironinghat governs the
response of endothelial cells in angiogenédigherefore, down-regulating
the synthesis of one of the most potent proangiocgittors, VEGF, can
critically shift this balance to interrupt in forti@an of new vessels. As
demonstrated in Fig. 6C, VEGF level expressed i timor mass was
substantially decreased when tumors were treatéd Ad-AB7-shVEGF Ad
compared to tumors treated with PBS or 87 Ad. This reduction in VEGF
levels may in turn further decrease angiogenesiugih an antiangiogenic
“switch”, in which the collective action of proamgjenic factors are
decreased and the collective action of angiogettitbitors augment. Further
investigation for balance between proangiogenicamténgiogenic factors in
tumor tissues before and after treatment withAB¥-shVEGF Ad is now
under way in our laboratory to understand this plz@n more rigorously.

The duration of gene suppression is largely depgnale the rate of

cell growth and turnover of the targeted proteiraatively dividing cell in
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culture. Since cancer cells are actively dividitige duration of SiRNA-
mediated gene silencirig vivo might be governed by the efficiency of the
siRNA-expressing vector and the stability of thediional siRNA. Oncolytic
Ad-mediated siRNA expression may lead to improvetficacy over
nonreplicating vectors because of the self-perpieiyanature of viral
multiplication and secondary infections of adjacestlls, which will
ultimately allow the delivery of therapeutic siRN#olecules that are
replenished over time. In generat, 10,000 viral progenies are generated in a
single cell after viral infectiof". Therefore, | could also expect to have gene
amplification of therapeutic siRNA in a cancer esdecific manner, as
oncolytic Ad would be able to infect and deliverrteighboring cancer cells.
As demonstrated in Fig. 7, the duration and magdritof the gene silencing
effect following infection with AdAB7-shVEGF was longer and more
effective as compared to the non-replicating Ads worth noting that the
initial viral load was 1000-fold less for AMB7-shVEGF than Ad\B7, but
the overall effect of this VEGF-silencing oncolytidds was much greater.
The initial lack of downregulation of VEGF was mdgely due to the low
number of initial viral load. However, by day 1Het Ad was able to
propagate and amplify the shRNA against VEGF totkeefunctional effect

of downregulation of VEGF levels. In accord withistln vitro result, Ad-
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AB7-shVEGF was able to continuously suppress VEGIHdymtionin vivo,
supporting the idea of long-lasting therapeutie&ff

VEGF has shown to inhibit immune cell function, mming both
effector function and early stages of hematopoi&sis vivo data suggested
that blockade of VEGF receptors on hematopoietg@nitors may improve
the function of DCs in tumor-bearing hosts Therefore, lowering VEGF
expression by AAB7-shVEGF Ad would also lead to increase the anti-
tumoral immune response. | are currently investigathis phenomenon in
more detail to determine whether siRNA specificMBGF has a positive
effect on immune response in tumor-bearing hostislitfonally, combination
therapy using AdsB7-shVEGF and immunotherapy may not only be
effective in blocking tumor angiogenesis mediatgd\MEGF but also can
improve of immune cell function in tumor-bearingskt®and the effectiveness
of specific immunotherapy. Moreover, the therapestrategy of combining
oncolytic Ad with VEGF-specific siRNA could decreasvascular
dissemination from infected tumor site, resultingAid sequestration within
the tumor and increase of local siRNA expressiorellewhich ultimately
could lead to a decrease in systemic toxiity

Taken collectively, the findings of this study demtrate the

effectiveness of augmenting the antitumor effe¢hwincolytic Ad expressing
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shRNA against VEGF. AdB7-shVEGF oncolytic Ad elicited potent anti-
tumor effect through shRNA-mediated inhibition oE®F, in addition to
cancer cell-specific lysis by active viral replicat in comparison to its
cognate control oncolytic virus, AIB7. Moreover, the therapeutic advantage
of Ad-AB7-shVEGF oncolytic Ad would be enhanced in humgstesn
because VEGF produced by tumor stromal cells waigdd be inhibited by
this shRNA for human VEGF. Therefore, it providaesgtlier support in
considering this oncolytic Ad expressing shRNA diiegl against VEGF as a
novel therapeutic approach in the treatment of @anc

Most shRNA-expressing vectors have used RNA polgserlll
promoters (U6, H1, or 7SK). Polymerase Il promsteave the advantage of
directing the synthesis of small, noncoding traipssrwhose 3’ ends are
defined by termination within a stretch of 4-5 thgines (Ts)*"> Synthesis
of shRNAs from a single DNA template driven by puBrase Il promoters
has made it possible to develop plasmids and deusred vectors as RNAI-
delivery vehicles. In addition to mRNA, polymerds@romoters synthesize
many noncoding RNASs, including small nuclear andcleolar RNASs.
Although the polymerase Il promoter-based shRNAeyshas also been
reported to be effective®’®"® no information is yet available on whether

polymerase lll promoters are superior to polymerdggromoters in their
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ability to express shRNA. To explore the utility &NA polymerase |l
promoters for expression of shRNAs, | initially etmicted two replication-
incompetent adenoviruses, Ad:1-U6shIL8 and AAAE1-CMVshIL8, which
express IL-8-specific sShRNA under the control &f th6 and CMV promoters,
respectively. As demonstrated in Fig. 10, AH1-U6shIL8 was highly
effective in reducing IL-8 expression, whereas igmificant gene silencing
was achieved with the CMV promoter-driven Ad inivas cancer cell lines.
Moreover, a 10-fold greater AGE1-CMVshIL8 viral dose is needed to
suppress IL-8 expression to the extent elicited Ag-AE1-U6shIL8
transduction (Fig. 10B). This finding concurs witbcent reports that an
unmodified CMV promoter is inefficient at gene sitding through shRNA
expressiori®®’. Xia et al. have demonstrated that the placement of the hairpi
immediately adjacent to the transcription stare sind use of a minimal
polyadenylation cassette is highly critical in @iy ShRNA expressioff#-52
RNA polymerase Il promoters, are very valuable athbbiomedical research
and clinical applications, such as gene therapsalmee they allow inducible,
tissue-specific or cell-type-specific RNA expressf3® Therefore, design
and optimization of polymerase Il promoters thdeafvely drive shRNA
expression would be very beneficial.

Endothelial cell migration, tube formation, and selssprouting are
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required for the angiogenic process, and acquisittd an angiogenic
phenotype is crucial for tumor progression. Themefd investigated whether
IL-8-specific ShRNA expressed from an adenovirugl@anhibit migration
and differentiation of HUVEC into the capillary-fkstructures of precursory
vessels. Addition of conditioned media from A#&1-U6shiIL8-transduced
cells in transwell migration assays suppressedati@r of endothelial cells
by more than 48 % relative to conditioned medianfrdd-AE1-transduced
cells (Fig. 11). The ability of endothelial celtsform tubes on a matrix and of
microvessels to sprout from rat aorta rings wae aféectively inhibited by
Ad-AE1-U6shIL8. These results demonstrate that Ad-ntediexpression of
IL-8-specific ShRNA is functionally active and aas endothelial cells to
block several critical steps in angiogenesis. Imlithwh to inhibition of
endothelial cells function, AdE1-U6shIL8 effectively suppressed migration
and invasion of cancer cells (Fig. 12). Moreoveg@iatin zymography and
ELISA assays, expression of IL-8-specific shRNA uesdl both the
expression and activity of MMP-2. MMPs appear tayph crucial role in
many stages of tumor progression, including angiegis and the invasion
and metastasis of tumor cells. Studies by Bergeat and Blavier et al. have
also reported that MMP-2 is upregulated in angiggésions and plays an

active role during carcinogenesis of Wntl-inducednmary tumors in
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transgenic mice®>®

Downregulation of MMP-2 may thus be directly
responsible for inhibition of cellular locomotiomdh invasive abilityin vitro
and may play a role in angiogenesis inhibitiorivo.

| next determined whether oncolytic Ad expressihg8ispecific
shRNA could functionally reduce endogenous IL-8regpion in cancer cells.
| and others have previously shown that replicaiompetent Ad suppresses
tumor angiogenesis through the preserved E1A rétibi In agreement
with these previous results, | observed that cominoolytic Ad that does not
express IL-8-specific shRNA (AdB7) substantially suppressed IL-8
expression compared to E1A-deleted replication+immetent Ad (AdAEL).
Interestingly, AdAB7-U6shIL8 further enhanced suppression of IL-8
expression in cancer cells relative to AB7, demonstrating that replication-
competent adenovirus expressing IL-8-specific shRMé&duces IL-8
expression with high efficiency.

Moreover, treatment with AdB7-U6shIL8 markedly inhibited the
growth of established Hep3B and A549 xenograft tenin nude mice and
significantly delayed morbidity related to largemior size. To Dbetter
understand the mechanism of actioddfAB7-U6shIL8, microvessel density
was assessed using an anti-CD31 antibody. Tumaogaresis was found to

be significantly suppressed in AB7-U6shIL8-treated mice versus control
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mice or mice treated with AdB7-treated mice in both xenograft models.
Based on these data, | conclude that inhibitiotuofor growth is caused, in
part, by the reduced number of tumor vessels inAB@-U6shIL8-treated
mice. The antitumor efficacy of AdB7-U6shIL8 was not limited to s.c.
tumor xenograft models but was also evident in @astatic tumor model
where intrapleural injection of AdB7-U6shIL8 inhibited the growth of
disseminated MDA231 breast cancer metastases. Tinelsegs suggest that
in addition to affecting the growth of a localizedmary tumor, AdAB7-
U6shIL8 is also able to inhibit the disseminatiard/r growth of distant

metastases.

Recently, inhibition of IL-8 activity using anti-tB neutralizing
antibody or IL-8 antisense oligodeoxynucleotide®wudisabling the function
of its receptors has been shown to inhibit bothaiugrowth and metastasis in
a variety of animal tumor model®?. Moreover, Dinney et al. have
demonstrated that Ad IL-8-AS therapy decreasedrthi/o expression of IL-

8 and matrix metalloproteinase type 9 (MMP-9), tumicrovessel density,
and enhanced endothelial cell apoptd&isTherefore, the therapeutic effects
in terms of inhibiting tumor growth and metastdsysinhibiting IL-8 activity

or disabling the function of its receptors appéarse a promising therapeutic
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target for cancer. As demonstrated in Fig. 16, seggion of IL-8 by AdAB7-

U6shIL8 may provide the initial trigger for an artgiogenic amplification
loop, with subsequent reduction of VEGF, one ofrifan angiogenic switch
inducers. Further experiments are planned to addtés observation more

rigorously and to investigate the underlying medéas.

Overall, this study indicates that the use of carmal-specific,
replicating oncolytic adenovirus to deliver IL-8esjific shRNA offers the
potential benefits of restricted and renewable giR¥Mpression within the
tumor microenvironment, an additive anti-tumor aute through viral
oncolysis, and siRNA-mediated IL-8 silencing. Irddithn, our data provide
the first evidence that siRNA directed against |Lld8livered by oncolytic Ad
directly into the tumor, has the ability to dowrgudate the target gene and
can suppress the progression of human cancer xat®gr mice.

The c-Met receptor tyrosine kinase and its ligdrepatocytgrowth
factor (HGF), are dysregulated in many human caneerd this change
contributes to oncogenesis and tumor progressieweral human cancers
and promotes aggressive cellular invasivenesdgtsitongly linked to tumor
metastasis. It implies that c-Met receptor tyrodkimgase and HGF can be

attractive therapeutic targets in cancer treatmeRty the c-Met/HGF

119



targeting treatment applications, various approsdteve been attempted: a)
An inhibition of the HGF-mediated biological funati by blocking c-
Met/HGF interaction using HGF-specific monoclonattibodie§®, b) An
inhibition of c-Met/HGF coupling by a ligand displement using a
competitive antagonist for HGF, such as NK4£) An inhibition of a c-Met
receptor tyrosine kinase activity by small molecufgibitors® d) An
inhibition of HGF-mediated c-Met receptor tyrosikimase activation using
decoy soluble Met receptdfs e) An inhibition of HGF/Met RNA and/or
protein expression by a ribozyme or siRNA techngfdg

Recently, multiple shRNAs-combined vector systenavehbeen
developed to improve the silencing efficiency. Beake et al. showed that the
multiple effective shRNAs inhibit HIV-1 productiomuch more strongly
compared to a single shRNA, implying that such RidAsed combinational
approaches against HIV-1might result in an incre@as¢he magnitude of
inhibition along with decreased possibilities oEase from the inhibitior®.
In 2006, it has been shown by Henry et al. thatttipbe sShRNA expression
simultaneously downregulates multiple independargets involving in viral
replication and viral attachment, suggesting thatmultiple shRNAs can be
more efficient than the single shRNA expressiontegsysin treatments of

many multifactorial diseases including diabetesamcer?.
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In this report, | employed an adenoviral vector-iagsti RNA
interference technology to efficiently induce knatdwn of c-Met expression
in cancer cells, then investigated the effects-bfet inhibition in both tumor
growth and angiogenesis. To enhance the c-Met kimwek efficiency, |
constructed adenoviruses expressing two kinds Bfetspecific sShRNAs
from a single adenoviral vector. c-Met ELISA resuthowed that all our
constructed c-Met specific shRNA-expressing Adshsas AJAE1-shMet4,
Ad-AE1l-shMet5, and AdE1l-shMetd+5, successfully inhibited the
expression of c-Met in various cancer cell lineded and especially, AGE1-
shMet4+5 among these shMet-expressing Ads inhibitddet expression
very efficiently (Fig. 18). Adenoviral vectors ewmgsing c-Met-specific
shRNA have been described recently and have bemortee therapeutic
efficiency. However, in contrast to previously désed viral vector, | showed
that expressing two different shRNA. This is thestfitime observation that
two different ShRNAs can be expressed from the iheuggyle adenoviral
vector system, which is strongly indication that tmhibition of c-Met
expression by dual c-Met specific sShRNA expressgystem will be a
promising strategy in cancer therapies.

HGF/c-Met signaling is involved in number of signethways®

such as the Ras mitogen-activated prdtgiase (MAPK) pathways through
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Grb2-SOS complex formation, MEK1/2, and ERK21/2 atibn that is
responsible for cell growth, differentiation, angvdlopment and inhibition of
apoptotic cell death by activation of phosphatidgsitol 3'-kinase activation
through Akt phosphorylatidh® | observed that the Ads including AdE1-
shMet4, AdAE1-shMet5, or AAE1-shMet4+5 gave rise to multiple effects
to the infected cancer cells: a) decrease of cglflgence; b) enlargement of
cell volume (lamellafodia); c) flattenning of cethorphology, and d)
appearance of many vacuolated cells, such as typgieaescence-like
phenotype (Fig. 19A). RT-PCR analysis for gene potsl including
osteonectin, SM22, TGasell, and PAI-1, which anmmmonly associated with
cellular senescence, showed that the mRNA levelsthef genes are
significantly increased in the cells, especiallyfegted with AdAE1L-
shMet4+5 (Fig. 19D). Also, FACS analysis clearlywied that the infected
cells are arrested at G2/M phase, which impliestti@reduction of the c-Met
expression might inhibit the proliferation of theacted cells (Fig. 19E). The
data were also confirmed by TUNEL assay, in which TUNEL-positive
apoptosis was observed, and by western blot asallygl. 22). These results
strongly imply that AdAE1-shMet4+5 inhibits not only c-Met protein
expression but also the ERK1/2 and Akt expresssorphosphorylation, the

signaling event in the down-stream pathway of c-llgivation, supporting
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the speculation that the reduction of c-Met expoessevel by the c-Met
specific shRNA-expressing Ad efficiently inhibitset downstream signal of
the HGF/c-Met. Most of all, the reduced expresdewel of the c-Met by the
Ad-AE1-shMet4+5 inhibits cancer cell proliferation byensscence
mechanism inin vitro tested tumor cells, and the same result might be
expected inn vivo. It has not been reported that the reduction efadiMet
expression inhibits tumor cell proliferation andogth by the senescence

mechanism.

| observed that all viruses expressing c-Met specghRNA

substantially suppressed VEGF expression comparedritrol Ad (AdAE1)
(Fig. 20A), which agreed to the previous reportt tt@ activation of c-Met
protein involves in the induction of VEG¥® In general, stimulation of
endothelial cells by growth factors leads to motpbizal differentiation and
formation of tube-like structures. On Matrigel swbgim, the endothelial
cells form aggregates, then start to sprout anel tuigorm tube-like structures.
Ad-AE1-shMet4+5 was highly effective in preventing thbe formation of
HUVECs inin vitro, and the relative tube length in the infectedscelbs
inhibited to 44.1% of that in the AdE1-infected U343 cell controls (Fig.

20C, 20D). Also, AdAE1-shMet4+5 inhibited microvessel sprouting frorm ra
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aorta ring inex vivo with a decrease in the number of microvessels 16985
(p<0.05) compared to that in the Ad:1 control (Fig. 20E, 20F). In addition
to the inhibition of endothelial cells function, AdE1-shMet4+5 effectively
suppressed proliferation of HUVEC (Fig. 20G, 20Based on these results,
it is obvious that the AdE1-shMet4+5 inhibits the c-met expression in the
endothelial cells as efficiently as the expressibrintratumorous c-met and
acts on endothelial cells to block certain critist#ps in angiogenesis so that
Ad-AE1l-shMet4+5 can be exerted its more efficient antieral therapeutic

effect inin vivo.

In addition, recently it has been shown that HAG¥®#t-signalingcan
up-regulate the production of matrix metalloprotasies (MMPs)hat induce
the degradation of extracellular matricesd basement membrane, and
enhance tumor invasion and metastasis via enhanogifity®**° In migration
and invasion assay using transwell performed téasushe reduced c-Met
expression level and to inhibit migration and ingasof cancer cells by
reducing the expression of matrix metalloproteisasgigration and invasion
in Ad-AE1l-shMet4+5-transduced cells weeenarkably decreased compared
to that in the AdAE1-transduced control cells (Fig 21A, Fig 21B)atidition,

in gelatin zymogram and ELISA assays, the exprassi c-Met-specific
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shRNA decreased the expression of MMP-2, a key abedin metastasis, and
its activity. Previous studies reported by Bergetral. and Blavier et al. have
shown that the MMP-2 is up-regulated in angiogdegions and plays an
active role during carcinogenesis of Wntl-inducednmarain tumors in
transgenic mic8®’, from which together with our data it can be destlithat

a down-regulation of the MMP-2 might be directlyspensible for the

inhibition of cellular locomotion and invasive dtylin in vitro, and play a

critical role in angiogenesis inhibition im vivo. Moreover, as a result of
reduction of the c-Met expression by the Ad1-shMet4+5, the cancer cell
migration and the invasion is inhibited, which segig that the c-Met might

plays essentiables in growth, migration, and progression of eareells.

The strong effects of dual c-Met specific sShRNA+#gsing Ad on
anti-proliferation and anti-angiogenesis were algmnonstrated irn vivo
U343 xenograft model (Fig. 24). Concerning that 843 is derived from
highly growing and vascularizing glioma, it can jpestulated that the Ad-
AE1-shMet4+5-treated group showed the most remazkadtrease of tumor
growth compared to group treated with AB1. The mechanism of AdE1-
shMet4+5 can be understood from the result of miEseel density assay

using an anti-CD31 antibody, in which the tumor iaggnesis was
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significantly suppressed in the Ad=1-shMet4+5-treated mice compared to
either control mice or AdvE1-treated mice. Based on these data, | conclude
that the inhibition of tumor growth is caused intday the decreased number
of tumor vessels in AdkE1l-shMet4+5-treated mice. The antitumor efficacy
of the AdAE1l-shMet4+5 was not limited to s.c. tumor xenografidels,
while it was also evident in a metastatic tumor elothtrapleural injection of
the AdAE1-shMet4+5 inhibited the growth of disseminated AZ31 breast
cancer metastases. These findings suggest thaEAegshMet4+5 is also able
to inhibit the dissemination and/or the growth @gtaint metastases, and to
diminish the primary tumor. In conclusion, it caa proposed that AdAE1-
shMet4+5 can elicit a potent anti-tumor efficacy lmcal injection and

systemic delivery as well against solid tumors aradiastatic tumor lesions.

In in vitro, Ad-AE1-shMet4+5 showed the inhibition of endothelial
cell function such as tube formation, vessel spngutand migration. In
addition to these direct roles in regulating endbdh cell function, our
investigation on the biological significance of e@Mdown-regulation in the
tumor tissue implies the regulation of secretionaofjiogenic factors by
epithelial and tumor cells. In tumor cell lysate IEA, Ad-AE1-shMet4+5

modulated the expression of both IL-8 and VEGF chtare key mediators of
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angiogenesis and MMP-2 expression playing centlaksrin many stages of
tumor progression, including angiogenesis, invasiod metastasis of tumor
cells. Taken together, the antimigratory and agii@genic activities of c-
Met-specific ShRNA expression may inhibit tumor \gthh and metastasis in
animals by suppressing tumor angiogenesis, suggeaticrucial role for c-
Met in angiogenesis and tumor growth and metastasiévo. Also, since
VEGF and IL-8 play involve in tumor survival, esfly in endothelial cells,
the treatment of c-Met-specific shRNA-expressing iAdcombination with
radiation or chemotherapeutic agents can bloclkptbtective effect of VEGF

and IL-8.

Studies on the resistance mechanism to overcomeesliance for
chemo drugs are urgent, since resistance agaidgtiom and anticancer
reagents hinder complete recovery from cancer piesaHGF/Met signaling
has shown to induce chemo- and radio-resistantenuérs®. Aebersold and
his colleagues have recently provided clinical exick that c-Met expression
involves in resistance of otopharyngeal cancerattiation’’. Qian et al has
also reported that c-Met up-regulation might cdntté to an intrinsic
resistance of certain tumor cells to radiatforPaul Timpson et al. have

reported that head and neck squamous cell carcinoatia (HNSCC)
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overcome resistance to the epidermal growth faeteptor inhibitor gefitinib
by an aberrant expression of cortactin, which §tasi the c-Met receptor
tyrosine kinase and enhances hepatocte growthrfimctoced mitogenesis
and cell scattering. Recently, Jeffrey A. Engelnetnal. have reported
mechanisms of acquired resistances to treatmehtkiviase inhibitors, such
as anti-tumor drug gefitinib (ZD1839 or Irressa)dotinib (Tarceva), in that
MET amplification promotes gefitinib resistance diyving ERBB3 (HER3)-
dependent activation of PI3K in 4 of 18 (22%) lurancer specimefis In
this report, they also demonstrated that the treatnof gefitinib or PHA-
665752 (a MET tyrosine kinase inhibitor) alone maseffect on gefitinib-
resistant cells, while combination treatment withthb agents results in
substantial growth inhibition and induces apoptobistably, EGFR TKI-
naive patients of a small percentage of NSCLCs baea reported to contain
both an EGFR-activating mutation and MET amplificat®™*** For theses
reasons, the combination of Ad=1-shMet4+5 with other anticancer agents
(for examples, gefitinib or erlotinib) or radiatiomight be beneficial to
overcome not onlyde novo resistance, but also acquired resistance to

chemotherapeutic agents or radiation therapy.
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In summary, | generated recombinant adenovirusasstydifferent
regions of c-Met gene by single adenoviral vectoexpress two kinds of c-
Met-specific ShRNA and successfully showed that moggulation of c-Met
protein expressionaused significant inhibition on proliferation, magjon,
invasion, and angiogenesis of cancer cells. Oudirigs presented here
indicate that the expression of two kinds of c-Mgtecific shRNA by
adenovirus-delivered siRNA may be a useful stratpgiential therapeutic

strategy in the treatment of cancer.
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V. CONCLUSION
In this study, it was suggested that the use oteanell-specific,

replicating oncolytic adenovirus to deliver shRNifeos the potential benefits
of restricted and renewable siRNA expression withihe tumor

microenvironment, an additive anti-tumor outcomeotigh viral oncolysis,

and siRNA-mediated gene silencing. | also confirntleat U6 promoter is
superior to CMV in its ability to efficiently expsse shRNA and multiple
shRNAs expression against different regions of rege more effective than
single shRNA expression. Therefore, these restdtg@ing to provide a new

strategy to improve the silencing efficiency.
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Abstract (in Korean)
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